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EXECUTIVE SUMMARY

“Change is Inevitable. In a Progressive Country, Change is Constant.”
—Benjamin Disraeli, 1867

OVERVIEW

Disraeli’s wisdom of over 138 years ago demonstrates the need to regularly reevaluate what we do. King
County is doing just that — re-evaluating how the county grows and how that growth affects the lives of
county residents. King County undertook the Land Use, Transportation, Air Quality and Health Study
(LUTAQH) to measure how specific land use and transportation actions affect air quality, mobility and
congestion, and public health. The ultimate goal of the study is to guide the allocation of resources in
King County as it works to reduce automobile dependency, increase transportation efficiency, improve
air quality, and improve the health of county residents. This research documents the impact of land use
decisions and transportation investments and suggests strategies for allocating resources to encourage

more compact, mixed use neighborhoods with more transportation choices.

LUTAQH's RoLEe

King County is the first local government to fund a study of this kind — a study that explores the links
among the built environment, mobility, air quality and public health. These study findings will be used
to inform policy and investment decisions. Through its collaboration with the Neighborhood Quality
of Life Study (NQLS, funded by the National Institutes of Health), LUTAQH is one of the first studies
to comprehensively examine land use, transportation, air quality, and health as part of a single effort.!
LUTAQH establishes a baseline of existing measures of land use, transportation investment, travel

choices, and explores how these factors are associated with air quality, climate change and health.

Key FINDINGS

1. Whether the goal is to increase transportation efficiency, reduce automobile dependence, or
reduce ozone and improve regional air quality and health, LUTAQH shows that compact
development, a wide variety of land uses close to home and work, and a connected street

network with pedestrian facilities can help achieve all of these goals.2

2.  Residents walk more in neighborhoods that provide a wide variety of retail services, and where

connections to such services are facilitated through an interconnected street network.
1 LUTAQH was modeled after the Atlanta based SMARTRAQ program (see www.act-trans.ubc.ca).

2 Each of the analyses conducted controlled for sociodemographic considerations and were significant at the 95% (P=.05)
confidence level.
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3. Transit and walking are highly synergistic — transit use was observed to be the highest in
locations where walking was the most prevalent. Conversely, the choice to walk is highest where

transit’s convenience and efficiency is greatest.’

4. Residents in the most interconnected areas of the county travel 26 percent fewer vehicle miles

per day than those that live in the most sprawling areas of the county.

5. Increased residential density, street connectivity, and land use mix near home and work are
associated with significantly lower per capita vehicle emissions - in particular, fewer oxides
of nitrogen (NOx) and volatile organic compounds (VOCs), which react in sunlight and
form harmful ozone, as well as fewer greenhouse gas emissions, which contribute to global

warming,

6. Residents of the most walkable areas of King County were less likely to be overweight or obese
and more likely to report being physically active. Preliminary results suggest that residents of
the most walkable communities within the county are more likely to meet the 30 minutes per

day of moderate activity recommended by the U.S. Surgeon General®.

CONCLUSIONS

The results of LUTAQH clearly show that encouraging compact, mixed use developments that offer
transportation choices will help King County meet its adopted goals of increasing transit efficiency,
reducing automobile dependency, and improving air quality and health. To achieve its goals, the County
must coordinate and integrate its decisions to invest and allocate resources and services. Actions that
span transportation, land use, environment and health are required to bring about more sustainable,

health promoting approaches to community design.

LUTAQH found that communities already exhibiting some of these attributes are delivering benefits
to their residents in the form of less automobile dependency, more opportunities to be physically active
and healthier and better air quality at the regional scale. These neighborhoods exist because in the past
there was investment in compact neighborhoods with well-connected street networks, a mix of uses,

and an orientation to transit.

Creating such communities is complex and requires many interlocking strategies, but King County is
in a good position to reallocate its resources and become a national leader in making its neighborhoods

more livable.

3 These are the same locations with higher residential and employment densities where transit service is more cost effective.
4 Results from the LUTAQH Study will be released in a peer-reviewed paper in the Journal of the American Planning
Association this winter. Results presented above were released in a peer-reviewed paper presentation at the Society of the Behavioral
Medicine Conference in March 2004.
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RECOMMENDATIONS

Federal, state, and local laws and policies have put King County in a strong position to act on the
findings of this report. Federal transportation and air quality laws require the creation of plans that meet
air quality standards and provide transportation choices. The Washington State Growth Management
Act established Urban Growth Areas to focus metropolitan growth and to coordinate land use and
transportation actions. The King County Comprehensive Plan supports mixed-use developments, non-
motorized modes and the reduction of single-occupancy vehicle travel. The allocation of resources to
projects and services plays a significant role in the formation of our communities and transportation

system.

LUTAQH suggests additional actions and policies that can further King County’s goals. Activities
related to measuring, planning, and implementing the recommendations of this study are identified.
Specific initiatives in targeted neighborhoods are recommended. Many of the actions are completely
within the County’s sphere of influence because the County has regulatory or fiscal mechanisms in
place; the County can monitor its own performance in achieving a goal pursuant to a given strategy.

Other actions will require cooperation and partnerships with other jurisdictions.

STuDY APPROACH

A group of stakeholders representing diverse backgrounds and expertise worked with the project
team to compare residents’ travel patterns, automobile emissions, physical activity levels, and body
mass index (BMI) in different types of neighborhoods. The team collected detailed, parcel-level data on
land use and data on transportation connections in neighborhoods across King County. This data was
matched with information on residents’ travel habits and physical activity collected by the Puget Sound
Regional Council (PSRC), the National Institutes for Health Neighborhood Quality of Life Study, and
Group Health Cooperative (Silver Sneakers data). A total of 3,200 households were included in the main
portion of the PSRC study. The NIH and Group Health studies were used to apply health, attitudinal
and age-related travel characteristics to the household population of the LUTAQH study.

The researchers examined the neighborhood surrounding each household, determining the area
within a one-kilometer walk of the home. In many cases this area (known as the network buffer) was
considerably smaller than a one-kilometer ‘crow-fly’ distance because of the limitations of the street
network, as shown in Figure A. The researchers then evaluated the characteristics of this area for each
household to see how many and what types of destinations residents could reach within one kilometer

of home. This information was used to discover the relationship between land use and travel choices.
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Disconnected Connected
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- Network Buffer ---..
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BN Institutional
Greenspace/Recreational
Parking
Unknown

Figure A: Comparing Disconnected and Connected Environments (Frank et al 2004a)

Figure A shows how neighborhood settings can affect transportation choices. The household in the
center of the neighborhood on the left is located in a spread-out (“sprawling”) area with few shops and
businesses within a walkable distance. The lack of through streets in this neighborhood and the presence
of arterials with many lanes and inadequate sidewalks severely limits the destinations residents can reach
within one kilometer of their home. The household on the right is located in a more connected grid
street network with different types of destinations within one kilometer, including shops, institutions,

and parks. Such neighborhoods usually also have better sidewalks and pedestrian connections.

Integration of this land use information with the travel and health databases enabled researchers to
look for relationships between the physical design of the environment where people live and work,
and their reported travel, physical activity, and demographic characteristics. This data also allowed
researchers to measure vehicle emissions, including ozone precursors and greenhouse gases. Emissions
were estimated for each reported trip and then correlated with the land use characteristics of the areas

where participants lived and worked. Figure B shows an example of a regional trip.

Engine Start

Engine On Engine OFf
Time (seconds)

Figure B: Estimating Vehicle Emissions — regional trip and LANDSAT photo

(Source: Dr. William Bachman, GeoStats)
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Additionally, three communities (White Center, Redmond, and Kent East Hill) were examined as
part of the LUTAQH study. Applying the study results to real communities increased the usefulness
of the research for the development of policies that support transit and nonmotorized travel. The
researchers applied the findings to make specific recommendations for improving health, air quality and
transportation outcomes in these communities, thereby demonstrating the LUTAQH project’s potential

benefits.

WHAT WE FounD

On a per capita basis, as compared with more sprawling communities, higher-density residential

neighborhoods with mixed land uses and a connected street network are associated with:
* less auto use,
*  less air pollution,
* fewer greenhouse gas emissions,
e less energy consumption’,
* more transit ridership, walking and
*  overall physical activity, and
e lower levels of obesity®.

These outcomes are consistent with many of the goals of the King County Comprehensive Plan.
To further encourage these outcomes, the County’s resource allocations, development regulations,
and related policy actions should be consistent with the goals in the Comprehensive Plan, with the
requirements of Washington’s Growth Management Act and with actual growth/development (Frank
et al 2005a). This study shows what actions the County might take to further its goals of reducing auto
dependency, increasing transportation choice and efficiency, and improving air quality and residents’

health. The following sections outline these findings.

Transportation Efficiency and Choice

Transportation efficiency is best served by helping people travel shorter distances, with more
opportunities to ride public transit, walk, or bicycle. The potential to change travel patterns in King
County is enormous — 42 percent of trips in the county are three miles or less, mostly distances

casily traveled on foot or bicycle. Yet of the 16 percent of trips that are less than one mile, 43 percent

5 Energy consumption is inferred from the greenhouse gas emissions models which are based on fuel combustion rates.
6 Increased obesity is associated with higher likelihoods of cardiovascular disease, type II diabetes and colorectal cancer.
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are currently made by automobile drivers. The LUTAQH study found that mixed land uses — the
commingling of homes with offices, shops, schools, parks, and other destinations — matters most when
it comes to transportation efficiency. While residential density is needed to sustain commercial use and
to make transit viable, providing retail destinations and activities near where people live and work is also

critical.

Walking

The LUTAQH research found that residents walk more in mixed-use neighborhoods with good
street connections. The land uses most strongly linked to the percentage of household trips made on
foot proved to be educational facilities, commercial office buildings, restaurants and taverns, parks, and
neighborhood-scale retail establishments, with civic uses and grocery stores following closely. Having
establishments such as these within a kilometer of one’s home allows them to meet their recommended
physical activity needs by walking. Data showed the odds of walking increased by 20 percent for each
additional park and 21 percent for each additional educational facility that were within a one kilometer
walking distance of King County households. It is anticipated that this relationship is “non-linear’” and
that smaller increases in walking will likely result as demand for parks and schools is approached and

met.
When controlling for demographics, LUTAQH found that each quartile increase in:

* the number of intersections per square kilometer (intersection density) corresponded with

a 14 per cent increase in the odds of walking for non-work travel;

* residential density levels corresponded with a 23 percent increase in the odds of walking for

non-work travel;

* the number of retail establishments corresponded with a 19 percent increase in the odds of

walking for non-work travel.

In terms of observed walking patterns, this study finds that the actual number of recreational,
educational, retail, entertainment, and other commercial attractions near one’s home appears to be more
important than the size of the attraction itself. This is an important finding, suggesting that more small
destinations interwoven in residential areas is the best way to encourage walking for errands and other
non-work purposes. For example, a big box store does not affect walking as much as several smaller
shops with the same total square footage. The likelihood of walking increases the most when a number

of these factors are combined:
* avariety of destinations close to home

*  greater street connectivity (intersection density)
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*  greater residential density

Transit

LUTAQH discovered a synergistic relationship between transit use and neighborhood walkability,
observing increased transit ridership in the same locations where walking was also more prevalent.
Neighborhoods with a greater mix of land uses, better street connectivity, and higher density supported
both transit use for regional mobility and walking for nearby destinations. Whereas the number of non-
residential destinations did the most to influence walking rates, the total square footage of commercial

destinations in the neighborhood had the strongest relationship with transit use.

Thirty-two percent of transit trips are for the work commute. The choice to commute by transit was
strongly influenced by the design of the neighborhoods that surround both home and work. Distance to
bus stops or stations also was an important predictor of transit use. In this study, the odds of someone
reporting a transit trip to work decreased by 16 petcent with each 1/4 mile increase in the distance to
transit from home and by 32 petrcent with each 1/4 mile increase in the distance to transit from work.
Each additional vehicle per household was associated with a 45 percent decrease in the odds of taking
transit to work. This is undoubtedly influenced by the comparative time savings associated with auto use
over transit. In many parts of the county it takes as much as three times longer to get to a major urban

destination using transit as opposed to driving,

Not surprisingly, the land uses most closely associated with higher percentages of work trips on
transit are also those associated with typical downtown areas: more commercial office floor space,
more retail floor space and a greater number of large retail attractions and office buildings. Areas that
included predominantly fast food outlets, high tech companies, office parks and vacant land were found
to be associated with lower transit ridership. One of the best indicators of transit use was the cost of
parking and the level of employment density at the work trip destination, which are directly related to
typical downtown areas (parking charges and high employment density) and suburban development (no

parking charges and lower employment density).

All of the relationships found between transit use and urban form controlled for household size,

income and number of household vehicles.

Automobile Dependency

Clearly where people are walking more and taking transit more frequently, they are driving less.
Automobile dependency, as measured by vehicle miles traveled (VMT), decreased in neighborhoods
with higher residential density and better street connectivity. The typical person surveyed drove an

average of 29 miles per day, but the variation between persons was quite large. Compactness, the mix
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of land uses close to home, and a high retail floor area ratio (density) were important factors linked to
driving fewer miles. The results suggest that certain combinations of land uses can work synergistically

to enable people to drive less.

A highly mixed land use pattern allows residents to accomplish a variety of activities within a small
area without a car. Places where driving was lowest had more schools, grocery stores, civic space, and
more rentable space for doctors and dentists and other professional services. While the absolute number
of non-residential destinations was most important, having more floor space devoted to commercial

offices and neighborhood retail also was associated with less driving.

Fewer vehicle miles of travel (VMT) were observed for residents located in areas with greater residential

density, land use mix, street connectivity, and retail floor area ratio as shown in Table 1.

controlling for gender, income, age, education,

total number of household vehicles, distance to
Urban Form Factors nearest bus stop

Quartiles of Urban Form Variables
1 2 3 4

Retail Floor Area Ratio 30.16 30.48 30.50 25.57
Intersection Density 34.03 28.83 30.01 25.46
Residential Density 29.77 29.14 28.13 27.17
Mixed Use 32.26 30.38 27.94 27.15

Table A - Vehicle miles traveled across urban form factors’

The greatest differences in VMT were observed across levels of street connectivity (intersection
density) where the average VMT was 34 miles per person in the least connected street networks and 25
miles in the most connected street networks in King County. This represents 26% fewer vehicle miles
of travel for residents who live in communities that have the most interconnected street networks in the
county. With a more connected street network and shorter blocks, more direct and shorter routes can
be chosen. Increases in retail and residential density and a greater mix of uses mean more destinations
nearby. The combination of more direct routes and closer destinations can decrease travel distance for

all modes and make walking, bicycling and transit more convenient and viable.

More research will be helpful in further gauging which combinations of uses are the most synergistic
in reducing auto reliance for specific types of trips. Interestingly, not all commercial uses were associated
with lower vehicle miles of travel. Neighborhoods with more convenience stores and fast food restaurants
were linked with higher VMT. This is believed to be a function of the environment in which these uses

are located, rather than the uses themselves.

These analyses controlled for gender, income, age, educational attainment, number of vehicles, and
distance to transit. That is, the results transcend household characteristics and were independent of

those variables.

7 Quartile 1 is the lowest and 4 is the highest level for each urban form factor
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Air Quality

The travel data from the study allowed the researchers to estimate the pollutants emitted during both
automobile and transit trips. The analysis focused on the two pollutants most associated with smog and
harmful ozone formation — volatile organic compounds (VOCs) and oxides of nitrogen (NOx). At

present, the region is more focused on strategies to reduce VOCs.

Increased residential density, intersection density, land use mix, and floor area ratio (retail square
footage divided by land area in retail use) near home and work were all associated with lower per-
capita generation of NOx and VOCs®. As shown in Figure C, significantly lower levels of VOCs
are generated by households located in areas with more intersections per square kilometer — more
intersections correspond with areas with higher levels of street connectivity and direct connections

between residences and nearby destinations.
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Figure C: Volatile Organic Compounds & Intersection Density Whete People Live (N=2,467)°

Households with fewer than 36 intersections per square kilometer generated approximately 17.5
grams of VOCs per person per day, whereas those with more than 69 intersections per square kilometer

generated about 14.4 grams of VOCs per person per day.

These analyses also investigated the relationships between VOC generation and the land use patterns
where people work. Significantly lower levels of VOC generation were found for respondents working in
areas with higher concentrations of retail activity. As shown in Figure D, the more retail square footage
within a kilometer distance of work locations, the fewer VOCs they generate. This analysis suggests that
about 150,000 square feet of retail use within one kilometer of where people work is required before

significant VOC reductions are observed. For work environments, the total amount of retail space was

8 Emissions estimates assume that the traveler chose the shortest time-path for each trip taken to account for directional
fluctuations in traffic congestion during peak periods. Speed estimates for each link were based on the congested flows from the
Puget Sound Regional Council’s (PSRC) travel model. Climatic and fleet mix inputs used by the PSRC and Puget Sound Clean Air
Agency were accounted for as well. Speed based emissions rates were developed for cold starts and hot stabilized operation for each
pollutant. For more information, please see the final report and technical appendices.

9 ANOVA controlled for gender, income, age, total number o f vehicles in the household. VOC differences across quartiles
significant (p<<0.001).




Executive Summary 10

the best urban form predictor of VOC generation.
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Figure D: Volatile Organic Compounds and Retail Use Where You Work (N=2,467)"

The research also showed street connectivity where people live appeared to be the most closely
associated with the generation of oxides of nitrogen (NOx). Mean emissions of NOx declined from
29 to 23 grams per person per day, a 21 percent reduction, between residents of the least to the most

connected environments''.

Climate Change

Vehicle emissions account for over 60 percent of greenhouse gases, a major cause of climate change,
in the central Puget Sound region. Climate change has been associated with loss of snow pack, which
in turn affects water supply during critical times of the year for salmon'. Climate change also has been
associated with lower water reservoir levels in the Cascades in recent years and droughts are projected
to worsen. Projections suggest that this could one day threaten our ability to meet the basic water needs

of King County residents; water availability for irrigation and for hydropower is already impacted.

In collaboration with the Center for Clean Air Policy (CCAP), LUTAQH extended its assessment to
include measures of greenhouse gas formation. CCAP partnered with King County on this study by
providing funding through the Bullitt Foundation and technical assistance to develop speed sensitive
estimates of carbon dioxide (COZ2) production that could be used in the LUTAQH study. LUTAQH
found that higher levels of land use mix, intersection density and residential density are associated with

less greenhouse gas production on a per capita basis. Land use variables such as having retail close to

10 ANOVA controlled for gender, income, age, total number o f vehicles in the household. VOC differences across quartiles
were significant (p<<0.001).
11 Analyses are based on quartiles of each urban form variable and controlled for gender, income, educational attainment,

number of household vehicles and network distance to transit (except for VOCs where distance to transit was not significant.) For
more information, please see the final report and technical appendices.

12 VOCs are more associated with cold starts than NOx. This explains why they do not decline as much in association with
increased levels of the urban form measures. Therefore, less VMT may be associated with less emissions overall, but increased
numbers of short trips, that are often cold starts, generate more VOCs per unit of distance traveled.
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home, intersection density, residential density and travel patterns including vehicle miles traveled (also a
function of land use) explained about 24 percent of the variation in household level CO2 production.
The study controlled for vehicle ownership, household size, and income. Results suggest that urban
form influences CO2 indirectly through VMT, and directly through travel speed and engine operation
(such as cold start functions). These results inform and support the Puget Sound Clean Air Agency’s
efforts to reduce greenhouse gas formation in the region through transportation-efficient land use

strategies.

Physical Activity and Health

LUTAQH studied the influence of urban form on health using data collected for the Neighborhood
Quality of Life Study (NQLS — see www.ngls.org). Sixteen NQLS communities were selected across
King County to represent low and high levels of walkability (as measured by land use mix, density,
connectivity, and floor area ratio of retail) and low and high levels of income (socio-economic status -
SES). These sixteen communities are shown in Figure E. Queen Anne, for example, is a high walkability
and high income community shown in green, whereas Sammamish is a low walkability and high income
community shown in red. Community selection was conducted at the census block group level where
measures of walkability were matched with census data on income and ethnicity.'> About 75 patticipants
between the age of 20 and 65 were recruited from each community and their physical activity levels were

measured objectively with a physical activity monitor.

13 The Neighborhood Quality of Life Study (NQLS) focuses on King County residents between the ages of 20 and 65 years
of age and is led by Dr. James Sallis, Principal Investigator, and co led by Dr. Lawrence Frank and Dr. Brian Saelens.

11
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Figure E: Sixteen NQLS Communities

A higher proportion of participants in the more walkable communities (both low and high income)

were found to achieve the U.S. Surgeon General's recommended 30 minutes of moderate and vigorous

activity per day (see Figure F). For low-income (low SES) communities, the percent meeting the 30-

minute threshold increased from 46 to 52 percent as walkability increased. For high-income (high SES)

communities, the percent meeting the 30-minute threshold increased from 44 to 58 percent as walkability

increased. Results presented across walkability are significant at the 95 percent confidence level when

adjusted for age and gender.
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Walkability: F=4.71 p=.030 *
Income: F=1.1 p=.295
Walkability x Income: F=3.18 p=.075

Low W
High

Adjusted for age and sex; * p <.05

Figure F: Percent Meeting 30 Minutes Per Day Guideline: Moderate and Vigorous Activity

(from Neighborhood Quality of Life Study) (Note: W = walkability / SES = income)

Mean body mass index (BMI) was found to be lower in the more walkable communities, suggesting that
a lower proportion of people in these more walkable communities are obese or have a BMI exceeding
30 (see Figure G). The results hold true when comparing residents of communities with similar income
but differing levels of walkability. However, the most alarming results are found in the low walkability-

low income communities, where the mean BMI of 27.5 is halfway between overweight (BMI = 25) and obese
(BMI = 30).

Body Mass Index (BMI)
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Income: F=10.94 p=.001 **
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Adjusted for age and sex; ** p <.07

Figure G: Body Mass Index and Walkability (from Neighborhood Quality of Life Study)

(Note: W = walkability / SES = income)



Executive Summary

When comparing across walkability (high to low), mean BMI decreased from 27.5 to 27.0 for low-
income communities and from 26.5 to 25.5 for high-income communities, a result that was significant
at the 94.3 percent confidence level. These results suggest walkability is an important predictor of BMI

when controlling for income.

DEMONSTRATING CAUSALITY

The research presented in this report relies on cross-sectional data comparing the activities of different
people located in different types of neighborhoods. Some would argue we do not know if these results
are a function of self-selection: that people who like to walk choose walkable neighborhoods. The reality
is that regardless of the reason, LUTAQH and other research shows that people living in walkable
places walk more than their counterparts of similar socio-demographic makeup that live in more auto
oriented environments. Research quite similar to LUTAQH, conducted in Atlanta, found that one-third
of residents in low density, low walkability environments would prefer to live in more walkable places

- indicating that both preference and built environment predict behavior.

THE IMPLICATIONS FOR RESOURCE ALLOCATION

As stated above, a primary objective of LUTAQH is to guide the County’s allocation of resources
to reduce automobile dependency, increase transportation efficiency, improve air quality, and improve
health for King County residents. The study used primarily quantitative forms of analysis to examine
the level of transit service, road congestion (relative travel time), and the walkability of the pedestrian

environment at the individual and community levels in a variety of neighborhoods.

The past allocation of resources for transit, roads, and pedestrian and bike facilities has influenced the
form of our communities. Transportation investment priorities have changed considerably over time. For
example, the vintage of a community is reflected in its street network. Using the LUTAQH case studies
as examples, White Center is an early 20th Century urban center — a classic “streetcar suburb” — with a
gridiron layout of streets and blocks. Kent East Hill was developed more recently with a small network
of auto-oriented arterials and many private roads that are part of self-contained developments, often
with only one or two outlets to collector or major arterials. These differences are the result of decisions
and investments made in past decades: in one case, to build a compact neighborhood centered around
transit; in the second, to invest in automobile arterials while allowing somewhat isolated developments
with separated uses. The LUTAQH study reveals how these decisions have affected the travel patterns,

air pollution, and levels of physical activity observed in differing urban environments.

The results of the LUTAQH study indicate King County should consider allocating its resources to

14



Executive Summary

better facilitate reduced auto dependence, increased transit use, and increased ability to walk and bicycle to
neighborhood destinations. Whether the goal is to increase transportation efficiency, reduce automobile
dependence or improve air quality and health, this study shows that more compact development, a
wider variety of land uses close to home and work, and a more connected street network with pedestrian
facilities help achieve all of these goals. In order to create these conditions, LUTAQH indicates the

County should redirect its resources in the following ways:

1. Transportation investments should place a high priority on the integration of transit and
improvements for non-motorized travel, by creating safe facilities and convenient connections
tor walking, bicycling and access to transit. The County should give higher priority to new
transit investments in areas best able to support transit use — based both on current conditions

and on tangible commitments by local governments to transit supportive development.

2. Policies and regulations should be evaluated to reduce barriers to building compact, mixed-use
developments, and should include incentives for projects that will increase density and diversity

in communities countywide.

3. More transportation funding should be allocated to transit and non-motorized improvements.
LUTAQH’s results suggest that significant savings, in terms of reduced health care costs, could

accrue from this action, if done in a concerted fashion (Frank et al 2005b).

RECOMMENDATIONS

Federal, state, and local laws and policies put King County in a strong position to act on the findings
of this report. Federal transportation and air quality laws require the creation of plans that meet air
quality requirements and provide transportation choices. The Washington State Growth Management
Act established Urban Growth Areas to focus metropolitan growth and to coordinate land use and
transportation actions. The Comprehensive Plan in King County supports mixed-use development, non-
motorized travel modes and the reduction of single-occupancy vehicle travel; King County’s transit plan
also focuses on congestion relief and improved mobility. The allocation of resources for improvements
and services plays a significant role in the form of our communities and the transportation system.
And now;, decisions about community form and transportation can be linked to growing public health

concerns over obesity, lack of physical activity and respiratory diseases.

LUTAQH also identifies additional actions and policies that can further King County’s goals,
including activities related to measurement, planning, and implementation, as well as specific initiatives
in targeted neighborhoods, described in more detail below. Many of these actions are completely within
the County’s sphere of influence, because the County has the implementation mechanisms (regulatory

and/or fiscal), is the actor, and can monitor its performance towards achieving goals pursuant to a given
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strategy. Others require cooperation and partnerships with other jurisdictions. The following represent
strategies and actions to improve the links between land use, transportation, air quality and health, and

are in support of adopted goals within King County’s Comprehensive Plan:

l. Measurement & Education

a. Create performance measures. The land use, travel behavior, air quality, climate change,
physical activity and Body Mass Index (BMI) measures tested in LUTAQH provide a baseline
for specific factors that can be integrated into the County’s performance monitoring system and
tracked over time to determine adherence with adopted policy. Such a “report card” concept
is critical to know if things are getting better or worse and where actions need to be taken to

improve the quality of life within the region.

b. Establish level of service criteria for all modes of transportation. What gets measured gets

done. The Washington State Growth Management Act requires local governments to adopt
level of service standards for arterial streets and transit routes. These standards do not usually
include pedestrian trips or calculate the connectedness of a neighborhood. King County should
establish level of service measures for walking and bicycling to assess use and adequacy of

nonmotorized travel.

c. Educate and inform. The findings of the LUTAQH study can be used to help the general
public understand the benefits of new development patterns and can help draw them into a
robust public involvement process. This includes working with other cities, counties, state and
regional governments; public interest groups; other disciplines, especially public health agencies;

and the private sector, such as property owners, developers and grant foundations.

ll. Policy and Planning

a. Review and change policies and regulations that are a barrier to compact, mixed-use
development. Separation of uses has been a hallmark of land use planning across the United
States for decades and now presents a barrier to dynamic mixed-use projects. King County

should reassess land use policies and regulations.

b. Create approval processes and incentives for urban developments that:

- create connected street networks with bicycle and pedestrian facilities,
- expand the trail network,
- increase density using superior design principles, and

- provide a balanced mix of residential, commercial, institutional, and recreational uses.

16
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C.

Develop new criteria for resource allocation in transportation and land use decisions.

This can be accomplished by adding:

- research based land use criteria into the programming process for transportation funding
such as the Congestion Mitigation and Air Quality program and other transportation funding
sources, and

- health factors in the regional Transportation Improvement Program selection process to

recognize the health benefits of projects that enhance walkable communities.

Make land use approvals subject to public health outcomes. Once it is clear that certain

kinds of urban form produce certain types of health impacts, the land use approval process
should be used to bring development decisions into alignment with County goals. Incentives

should be available for projects meeting the criteria.

Develop Health Impact Assessments. Major development and transportation actions that
impact urban form can be subject to Health Impact Assessment or other formal statements,
similar to Environmental Impact Statements. The level of involvement can range from a review/
coordination role to a regulatory/approval-denial permitting function. Data collected and

models developed by LUTAQH provide the basis for empirical assessment of health-related

outcomes of alternative land development and transportation investment proposals'®.

Implementation

Improve street connectivity. Work with new developments to maximize connections between

new projects and surrounding streets. Kent, for example, has developed an ordinance requiring
developers to create neighborhood connections for pedestrians and bicyclists, and to install

appropriate traffic calming devices.

Give priority to non-motorized travel. Walking and bicycling should be considered as
functional transportation modes on par with the automobile. Designing new streets and roads
as “complete streets” that work for all modes can do this. This can also include retrofitting
existing streets with walking and biking facilities and/or traffic calming measures to improve

travel speed and safety for these modes.

Expand the regional trail network. Trails offer connections between communities and provide

14

A significant body of evidence exists that links levels of physical activity and obesity with the odds of developing a

chronic ailment including cancer, cardio-vascular disease and diabetes (Frumkin et al 2004) Several recent assessments document

major increases in health care costs are associated with these types of ailments that may well be most sensitive to the built

environment.
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opportunities for non-motorized travel to work, shop and recreation.

d. Increase transit access. Increase service frequency where increased ridership would result.

e. Make transit investments that support land use decisions. Prioritize transit investments in
areas where local land use actions support convenient access to transit.

f. Make pedestrian investments coincident with improved transit service. Similarly,

communities arguing for more transit service must demonstrate how they will improve pedestrian
connections. White Center, for instance, needs sidewalks. Without them, people cannot safely
or comfortably walk to transit. Communities should work with transit agencies to identify and

implement needed pedestrian facilities when transit projects are being planned.

g. Createapoolof fundsforstrategicimprovements that meet the test of smartdevelopment.
Earmark five percent of federal funds, jointly pooled from multiple sources — roads, transit, air

quality, and public health — to projects that meet the goals of improved transportation efficiency,
air quality, and health. The LUTAQH project demonstrates that real gains come when criteria
from multiple disciplines are combined. Projects that can meet the test of multiple successes

should have access to funds from multiple sources.

IV. Specific Initiatives

a. Partner with the Puget Sound Regional Council (PSRC) on the Vision 2020 Plan
Update

The PSRC is in the process of updating its Vision 2020 Plan. As the lead regional planning agency
in the Central Puget Sound Region, the PSRC presents an ideal partner for the advancement of the
LUTAQH findings. The Vision 2020 Plan represents a collective and commonly held set of values
about how the region should grow. The PSRC recently developed a set of “position papers” to inform
its board and member jurisdictions on the critical issues the region is facing. One paper focuses on the
emerging evidence documenting relationships among land use patterns, transportation investments, and
public health. This paper referenced findings from the LUTAQH study documenting links between
travel patterns and public health. In addition to public health, LUTAQH includes recommendations for
transportation funding and land use regulations based on their impacts on travel choices, regional air

quality, and climate change. Findings from these parts of LUTAQH support the Vision 2020 Plan.

Building on the Growth Management Act (GMA) framework in place in the Central Puget Sound
Region, King County should work with cities to add new policies to the Countywide Planning Policies

to provide guidance to all jurisdictions in the county on how to address public health, air quality, and
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climate change concerns through their planning and policy level work.

b. Case studies that point to change

Kent, Redmond, and White Center were the focus of detailed case studies in the LUTAQH study,
which included a look at urban form in the communities and a survey asking residents about their travel
preferences. Each case study is representative of common neighborhood types in the region. Kent is
an auto-oriented suburban district with good proximity between residential and commercial uses, but
poor connectivity due to large block structure and surface parking. Redmond is an urban center with a
vibrant new commercial center, but limited housing. White Center is an older urban center with a good
grid network of streets and a viable commercial core, but needing additional residential density and
investments in sidewalks and other pedestrian amenities. LUTAQH found all three communities — and
by inference, most neighborhoods throughout the region — would benefit from some basic changes in

development patterns. Three approaches are recommended for all communities:

* Increase residential density in commercial areas and promote more mixed use

development.

* Expand the regional trail system to connect public spaces with a series of pedestrian and
cycling routes within and between neighborhoods within the community and via a series of

regional trails where possible among communities.

*  Prioritize streetscape improvements, including enhancements to existing and the provision
of new sidewalks and crosswalks. Where appropriate install benches, weather protecting
transit shelters, lighting standards, trees, and other improvements that enhance the safety

and attractiveness of pedestrian connections between activities and with transit.

Specific Recommendations for Case Study Communities

One of the challenges of this study is to articulate meaningful and appropriate research-based
solutions for different types of community environments within King County. The recommendations
for each community outlined below flow directly from the research findings. The suggestions should
be considered in a community-based planning process. The three case study communities described are
representative of hundreds of neighborhoods across King County; the suggestions are presented here
to demonstrate the kind of neighborhood-by-neighborhood assessment needed for King County to
make the land use and transportation changes that will help it meet its goals. Specific strategies proposed

for each community are below.
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Kent/East Hill (auto-oriented district):

*  Consider developing a bus station with direct, rapid connections to the transit station in

downtown Kent and with efficient connections to other modes.

*  Create a system of linear parks along unimproved rights-of-way to create a “green ring” of

public open space around Kent East Hill.

*  Encourage the gradual redevelopment of shopping malls and big-box retail to mixed use

development on smaller blocks.
*  Discourage surface parking through design guidelines.
*  Permit and encourage housing development above retail space.

In the preference survey of neighborhood residents, the investment most frequently picked as the top
choice by Kent respondents was affordable housing, followed by a complete sidewalk system and, thirdly,
new or expanded freeways. Affordable housing was again chosen most frequently as a second priority,

tfollowed by a network of pedestrian and bicycle pathways and then new or expanded freeways.

Redmond (urban center):
* Implement Redmond’s new Downtown Transportation Plan.
*  Develop appropriate local models for high-density urban housing,
*  Permit development of non-traditional housing forms, such as live-work spaces.
*  Complete an internal bike path network.

*  Redevelop an appropriate street hierarchy that emphasizes the nature of some streets as

primarily serving local traffic.

In the preference survey, when asked to rank their top three investments, Redmond respondents
selected affordable housing most frequently, followed by a new or expanded freeways, more open space,
and a pedestrian and bicycle trail system. The most frequent selections for second place were a pedestrian

and bicycle trail system, improvements to arterial roads, and affordable housing.

White Center (older urban center, or “streetcar suburb”):

* Consider rezoning targeted single-family areas to allow infill duplexes and triplexes

and increase residential density.

* Complete the sidewalk and street drainage system, including design and development of



Executive Summary 21

natural drainage systems.

e Create an international marketplace/small business incubator building or similar pedesttrian

destination.
*  Develop alternative affordable housing options.

* Establish strong pedestrian links from the new Greenbridge housing to the business

district of White Center.

*  Consider rezoning underutilized industrial areas to allow more mixed-use development in

the central business core.

The surveys conducted as part of the project found that the community supports such changes. The
surveys found that the most frequent choices for top priority in community public investment were
completing the sidewalk system, developing additional affordable housing, and more parks and open

space.

r

For more information, visit: www.metrokc.gov/kcdot/tp/ortp/
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OUTLINE OF THE REPORT

The purpose of the LUTAQH report is twofold. First, it describes a research project that identifies
relationships between land use and urban form in King County, and patterns of travel behavior, levels
of physical activity and obesity, and vehicle emissions and greenhouse gas generated by county residents.
Second, the report applies lessons learned from this research to a set of community level case studies
and to recommendations for policy intervention and infrastructure investment by King County and its

local governments.

Chapter I of this report describes the study purpose and its specific goals, and broadly reviews the
policy context and issues that have driven the LUTAQH research.

Chapter II explains two new areas of emerging concern that are beginning to impact transportation

and land use decisions: climate change, and physical activity and health.

Chapter III presents the methodology used in the research and details data collection and database
development, the creation of land use and urban form variables for analysis purposes, the modelling
of regional travel and trip related emissions, and the analysis of physical activity data. Chapter III also
provides demographic profiles of the study samples for the databases developed for research conducted

at both countywide and community levels.

Chapter IV reports the results of the countywide analysis linking land use and urban form variables
in King County, and travel outcomes such as walking rates, transit ridership, vehicle miles travelled,

vehicle hours travelled, local and greenhouse gas (GHG) trip emissions, and physical activity.

Chapter V provides a thorough review of existing conditions in three communities, then draws on the
findings of Chapter IV to make recommendations as to how land use, urban form, and transportation
programming in these communities can be modified to reduce vehicle usage and emissions, and increase
use of alternative travel modes and rates of physical activity, and lower obesity rates. The attitudes of

community survey respondents towards such modifications are also presented.

Chapter VI describes survey respondent usage of and attitudes towards transportation demand

management programs for the trip to work.

Chapter VII broadens the recommendations from Chapter V to the county level by discussing ways
County strategies for implementing land use, urban form, transportation infrastructure and programming

policies can be used to bring about positive changes in travel behavior, air quality and physical health.

I. STuDY CONTEXT AND PURPOSE, PARTNERS AND FUNDING

We are increasingly aware that there is a connection between how we organize our cities and the
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ways we get around them, and that our dependence on the automobile for everyday travel has serious
implications for public health and quality of life. At the same time, faced with competition among
local governments for limited transportation resources, county and municipal governments have begun
searching for ways to efficiently allocate transportation funds and make land use decisions that maximize
accessibility, public health, and environmental objectives. Specifically, through this study King County is
exploring the possibility of creating incentives that reward communities that initiate land development
and local transportation actions that support and encourage transit, bicycling and walking, increase
efficiency of transportation investment, increase physical activity, and improve air quality. However, the
County currently lacks a rigorous method for evaluating the impact of local government land use and

transportation actions on travel behavior and related aspects of public health.

While there has been considerable discussion over the impact of local land use actions on traffic
congestion and air quality — and, more recently, over their impact on public health -- little work has
been conducted to alter the public investment patterns that support low density, single use platting and
development. Without altering current approaches to transportation planning and programming on
the capital side, and the spatial allocation of transit resources such as service hours, it is unlikely that
land use and activity patterns will change. The purpose of LUTAQH is to enable King County to more
effectively meet its growth management, transportation, public health air quality, and climate change
goals by clarifying the cross-cutting influences of its policy actions in these areas, and to empower King
County communities to effectively address land use, travel behavior and air quality issues critical to the

future economic and physical health of area residents.

Amongst a wide variety of recommendations, this study outlines some components and actions that
would help the County move towards a more performance-based approach to transportation resource
allocation. Moving towards a more comprehensive and objective evaluation system for the allocation of
countywide transportation investments is clearly a critical component of this project. This first phase
of the LUTAQH study makes the case for the development of a set of evidence-based performance
criteria to evaluate land use and transit investment impacts on transit ridership, per capita generation of
air pollution and green house gases, levels of physical activity from transportation and from recreation,
and obesity rates in the central Puget Sound Region. Implementation strategies are under consideration
that will enable King County to undertake and to empower its independent municipalities to make land
use/ transportation decisions necessary to achieve regional goals. In this respect, the County’s work is a

direct extension of the Puget Sound Regional Council‘s Vision 2020 and Destination 2030 plans.

The research described in this report was conducted to provide the empirical evidence of land use —
travel behavior relationships necessary to develop those performance criteria. This research represents
one of the first times that detailed disaggregate land use data has been linked to travel behavior data in

order to clearly identify the relationship between land use and transit connectivity on the one hand, and
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travel behavior, physical activity and air quality on the other. By sponsoring this research in order to
better inform its transportation, land use, air quality and public health planning processes, King County
is creating a national model for the integration of research, policy development and practice, and is
among the first jurisdictions in the nation to use its land use regulatory authority to influence travel
and health related outcomes. Figure 1 conveys the model guiding this research, whereby land use and

transportation investment decisions shape physical activity patterns, influencing both quality of life and

public health of area residents.

Figure 1: Built Environment, Activity Patterns, Health
Source: Health and Community Design:
The Impacts of the Built Environment on Physical Activity

(Frank, Engelke, and Schmid, 2003)

A central focus of the LUTAQH effort is application of research to practice. This study represents
a novel approach taken by a local government to conduct applied policy research in order to inform its
transportation investments and land use decisions. King County is uniquely positioned to impact both
of these arenas that shape the built environment, given its role as the regional transit provider and the
coordination through the countywide planning policies provided through state growth management
legislation (see below). Figure 2 displays the conceptual relationship between research and practice that
has guided this project. Partners in the LUTAQH research include the King County Departments of
Transportation and Development and Environmental Services, the Puget Sound Regional Council, the

Cities of Seattle, Kent and Redmond. The Federal Transit Administration and King County provided
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funding to address linkages between land use, transportation, and air quality. Additional funding was
provided directly to Lawrence Frank and Co., Inc. by the Centers for Disease Control and Prevention
and the National Institutes of Health to address the public health aspects of growth and development

within King County.

Figure 2: Research and Practice Partners

Il. GoaLs AND ProDuUCTS OF THE RESEARCH

The four primary goals to the research described in this report are as follows:

1. Provide empirical evidence of land use — travel behavior relationships across socio-economic
groups in King County, with special emphasis on the relationships between land use patterns/
urban form, transit ridership, non-motorized mode choice, household VMT and emissions, and

physical activity.

2. Based on interpretation of identified relationships, provide policy guidance to government on
ways in which land use policy and transit service allocation strategies can be used to promote
use of transit and non-motorized modes, improve accessibility and equity, reduce congestion,

reduce emissions, manage growth and improve public health.

3. Identify potential measures (regulations, incentives, etc.) which local governments can adopt to

implement such land use and transit allocation strategies.
4. Identify priority areas for the implementation of such strategies.

These goals encompass the purpose of this first phase of the LUTAQH study. This effort uniquely
represents the integration of disparate disciplines. Moreover, it reflects the ideal that research can and
should be informed from practice, in the sense that practitioners can engage directly in research, and

should be better consumers of research to inform their decisions.

In a time of increasingly scarce resources, it is imperative that efforts be made to maximize the
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longer-term benefits of transportation investments. It is incumbent upon elected officials to provide
leadership that ensures the urbanization process (both in the development of new communities and
the redevelopment of existing ones) maximizes the general public’s quality of life. The research
effort described here engages and integrates a variety of substantive topics surrounding growth and
development and seeks answers about how to best manage precious resources. The leadership and
vision provided for this study by King County and its stakeholders represents a groundbreaking effort
to effectively move towards a more sustainable future. Cleatly, the Seattle region leads the nation in
its efforts to initiate growth management legislation, and demonstrates the degree of consciousness
required to implement a set of aggressive strategies to offset increasing greenhouse gas emissions on a
regional scale. If any major metropolitan area of the US. can turn around the seemingly endless tide
towards increased auto dependence, it is the Central Puget Sound. It is the ultimate vision of this report

to help make that happen.
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CHAPTER I: PoLicY FRAMEWORK

|. INTRODUCTION

This chapter reviews the relationship between federal, state, regional and countyland use, transportation,
and air quality policies, with a brief discussion of issues surrounding the implementation of these policies

at the local level. This summary will provide an understanding of the policy framework surrounding
these issues, which drive the LUTAQH research.

Il. AR QuALITY—THE CLEAN AIR AcT AMENDMENTS OF 1990 (CAAA)
AND THE CLEAN AIR WASHINGTON ACT

The 1990 Amendments to the Clean Air Act (CAAA) establish stringent national air quality standards
and create requirements for their timely attainment. Title I of the CAAA establishes criteria for attaining
and maintaining the National Ambient Air Quality Standards (NAAQS). These are federal standards
developed by the EPA, which set allowable concentrations and exposure limits for various pollutants
(USDOT, 1992). EPA has released nonattainment area designations for the following pollutants: ozone
(O,), carbon monoxide (CO), and particulate matter (PM-10 micron). Depending on the severity of
the air quality problem, officials in each nonattainment area must take specific actions within a set time
frame to reduce emissions. The actions become more numerous and stringent as the air quality problems
worsen. These strategies are contained in the State Implementation Plan (SIP). In Washington State,
the Seattle-Tacoma area has been designated by the EPA as a maintenance area for CO, PM and O, for
some time (PSRC, 2001)."

In Washington, the provisions of the CAAA are implemented through the Clean Air Washington
Act and administered by the Washington State Department of Ecology (WSDOE). WSDOE in turn
delegates certain responsibilities to regional air authorities such as the Puget Sound Clean Air Agency
(PSCAA). The primary tool the CAAA recommends to achieve clean air in urban areas is to change travel
behavior, in particular to reduce total vehicle miles travelled (VMT). The legislation places significant
restrictions on vehicle emissions in recognition of the fact that the majority of all urban pollutants come

trom single occupant vehicle travel (PSRC, 1992).

In addition to administering the Clean Air Act and the Clean Air Washington Act, the Department

1 It should also be noted that the standards for particulate matter have changed as a result of TEA-21. Given increased
understanding of the health effects of fine particulate matter, the Environmental Protection Agency issued revised standards for
particulate matter under the Clean Air Act in 1997 to focus attention on PM2.5 instead of PM10 in specified areas. Furthermore,
TEA-21 calls for full Federal funding of a monitoring network for the PM2.5 standard. The EPA is to designate areas with regard to
their attainment of the PM 2.5 standard no later than December 31, 2005 (TEA-21, 2002).
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of Ecology is responsible for preparing the State Implementation Plan (SIP) mandated by CAAA.
The SIP contains procedures to monitor, control, maintain, and enforce National Ambient Air Quality
Standards. The SIP may contain Transportation Control Measures (TCMs) that seek to alter travel
behavior and reduce motor vehicle emissions. The SIP also contains transportation conformity
requirements, and transportation plans and programs in nonattainment areas must meet the “purpose”
of the SIP (USDOT, 1992). Transportation plans and programs cannot create new NAAQS violations,
increase the frequency or severity of existing NAAQS violations, or delay attainment of the NAAQS.

Conformity determinations are to be made no less than every three years (USDOT, 1992).

A. Linkages between CAAA and TEA-21

Figure 3 describes the well known interaction between TEA-21 and CAAA. The provisions of these
policies overlap where nonattainment occurs; for example, failure to implement the SIP or conform to
other provisions of the CAAA can result in the withholding of federal highway funds available through
TEA-21. This sanction was first reinforced by provisions in the Intermodal Surface Transportation
Efficiency Act (USDOT, 1992). The Central Puget Sound Region is in attainment for all criteria pollutants
at present, including under the 8 hour standard for ozone. However, up until the late 1990s the region
was in non-attainment. More recently, the region experienced 2 out of 3 allowable ozone violations; one
more violation would have resulted in being re-designated as a non-attainment area. Given projected
increases in VMT and increasingly warmer summers expected in the coming years, violations are likely

and will potentially threaten the region’s access to federal transportation funding,

TEA-21 CAAA

Non-
Attainment
Areas

Metropolitan

Planning
Organizations

State

Long-Range Plan State

Implementation
Plan

(SIP)

Conformity
Requirements

Transportation Improvement
Program (TIP)

TCMs

Puget Sound
CO and Ozone Maintenance
Plan

Project Selection

Figure 3: Interactions between TEA-21 and CAAA

(Source: Washington ISTEA Steering Committee, 1992)

Under the provisions of TEA-21, state and regional transportation improvement programs (TIPs)

and long-range transportation plans must help to implement the SIP. The TIP is composed of projects
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drawn from conforming local and regional transportation plans. Specifically, the projects and programs
contained in the TIP must contribute to the reduction of motor vehicle emissions. Under TEA-21, only
transportation projects that are federally funded or approved must meet the conformity requirements,
but all projects of regional significance must be included in the TIP and modeled for their conformity
to air quality goals (USDOT, 1992). At present, the Central Puget Sound is designated as a Maintenance
Planning Environment. However, the prospect of future non-attainment brings the spectre of further

CAAA requirements:

e Transportation plans and programs must provide for expeditious implementation of the
TCMs consistent with the schedule in the SIP;

* Transportation plans and programs must contribute to annual emissions reductions;

* Transportation projects and programs must come from a conforming plan or program;

and

* Emissions expected from the plan or program must be consistent with the scheduled

emissions budget in the SIP.

The Washington State Growth Management Act (GMA — described in more detail below) further
strengthens the relationship between the State Implementation Plan or Maintenance Plan and
state, regional, and local transportation plans. While TEA-21 only requires that federally funded or
approved projects meet air quality standards, Washington’s GMA specifies that all projects of regional
significance, regardless of funding sources, are subject to conformity. Furthermore, the GMA calls on
local communities to “rethink the traditional approach to transportation planning” (Washington State
OCD, 2002); conformity requirements specify that all transportation plans must be consistent with
each other and with related land use plans. As a result, any air quality provisions required in state-level

transportation plans must also be reflected at the regional and local levels.

B. Air Quality Policies in King County Comprehensive Plan

While acknowledging that the Puget Sound Clean Air Authority takes the lead role in managing
regional air quality, the King County Comprehensive Plan recognizes that King County must take a
more active role in protecting and improving regional air quality, especially as it is influenced by land use
and transportation policy and planning decisions at the county level. In reflection of the requirements
of Washington’s Clean Air Conformity Act, the Comprehensive Plan states that “Air quality impacts
of proposed land use actions shall be assessed when developing countywide, subarea, and local plans
and transportation strategies” (King County 2000). Specifically, the plan includes the following key

policies:
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*  Working with other levels of government to develop transportation control measures and

programs as needed; and

*  Considering county-level strategies for the reduction of criteria air contaminants, including
transportation demand management measures, promotion of alternatives to the SOV, and

encouragement of mixed use development (King County 2000).

Ill. TRANSPORTATION/CONGESTION/MoBILITY/ACCESSIBILITY

A. Federal Level

ThelntermodalSurface Transportation Efficiency Act ISTEA 1991) introduced,and the Transportation
Equity Act for the Twenty-First Century (TEA-21 1998) continued a number of provisions designed
to help meet the transportation emissions reduction goals in the federal Clean Air Act. The recent

reauthorization of this act in 2005 continues most, if not all, of these programs.

1. Congestion Mitigation and Air Quality Improvement Program

Through the Congestion Mitigation and Air Quality Improvement Program (CMAQ), TEA-21 provides
a categorical funding source for implementing the transportation emissions control portions of the
SIPs for attainment of air quality goals required by the Clean Air Act. Strategies in the SIP for reducing
transportation-related emissions receive high priority for funding under CMAQ. Projects eligible for
funding include transit, transportation demand management programs, ride sharing, and bicycle and
pedestrian facilities (Washington ISTEA, 1992). In TEA-21, eligible activities were expanded to include
transit improvements, travel demand management strategies, traffic flow improvements, and public fleet
conversions to cleaner fuels, among others. The current reauthorization of TEA-21 will likely sustain
this linkage between transportation funding and clean air policy, and add additional programs such as
funding to support safe routes to school for children and complete streets that accommodate a variety
of transportation modes. Under TEA-21, allocations from the Federal Highway Aid Trust Fund can be
transferred to fund CMAQ projects. Funds are distributed to states based on a formula that considers
population by county and the severity of air quality problems within nonattainment or maintenance
areas (TEA-21, 1998). Projects in nonattainment areas for ozone or carbon monoxide will not be
funded under CMAQ unless the project or program is likely to contribute to the attainment of a national
ambient air quality standard, or if the project is included in a State Implementation Program approved
pursuant to the Clean Air Act; and the project will have air quality benefits or is likely to contribute to
the attainment of a national air quality standard, through reductions in vehicle miles traveled or fuel

consumption, or through other factors.
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Furthermore, in nonattainment areas no CMAQ funds may be provided for a project that will result
in the construction of new SOV capacity, unless the project consists of an HOV facility available to
single occupant vehicles only after peak travel times ISTEA, 1991). Under TEA-21 the areas eligible
for funding through CMAQ have been expanded to include PM-10 nonattainment and maintenance
areas, as well as areas designated as nonattainment under the 1997 revised air quality standards. CMAQ
tunding has also been made available for experimental pilot projects such as studies like SMARTRAQ in
Atlanta (see www.act-trans.ubc.ca) and other efforts to investigate longer-term air quality improvement
strategies. One of the possible outcomes of the study will be the application of LUTAQH findings to
the CMAQ project selection process.

TEA-21 includes several programs, implementation mechanisms, and planning tools which attempt
to tie transportation decisions to air quality considerations. TEA-21 funds can be used for the
implementation of transportation control measures (TCMs) as well as transit, carpool, and vanpool
projects in metropolitan areas in non-attainment for ozone or carbon monoxide. TEA-21 also requires
co-ordination with Clean Air Act Agencies. The metropolitan planning organization is to “coordinate the
development of along-range transportation plan with the process for development of the transportation
control measures in the State Implementation Plan (SIP)” (Washington ISTEA, 1992). In addition,
state and local transportation plans must be modeled for air quality conformity and determined to be
consistent with the SIP, and federal transportation funds can be withheld from states or regions that fail
to comply with these mandates (ISTEA, 1991).

2. Federal Transportation Policy and Transit

According to the original ISTEA legislation, “significant transit improvements are necessary to
achieve national goals for improved air quality, energy conservation, international competitiveness, and
mobility for elderly persons, persons with disabilities, and economically disadvantaged persons in urban
and rural areas of the country”” Not much has changed since 1991 when that was written. To ensure
that transit is integrated into state and regional transportation planning efforts, ISTEA requires that
“methods to expand and enhance transit services” be included in state and regional transportation
plans (ISTEA, 1991). To further encourage transit as a viable alternative to automobile travel, ISTEA
theoretically changed federal funding for transit projects by increasing the possible share of federal
funds available for transit capital projects and operating expenses, and setting the federal share for
transit projects at eighty percent--the same as for highways. ISTEA created “flexible funding” which
gave local governments the opportunity to use roadway dollars for transit and visa versa, although no
transit funds can be transferred until a very specific set of requirements are met (Washington ISTEA,

1992). TEA-21 has continued this more flexible approach to transit funding.

In addition, TEA-21 also redefines capital projects to include facilities that incorporate community

31



Chapter |

services such as day-care and health care (TEA-21, 1998(a)). Supporting development of neighborhood
serving land uses can help to reduce trips out of communities, and improves accessibility for those
without cars. More recently, the Jobs Access/Reverse Commute (JARC) program was initiated through
federal transportation funding via TEA-21. JARC has the potential to encourage transportation funding
that is more sensitive to benefits and burdens to specific populations that stem from income disparity.
This program provides competitive grants to communities and non-profit organizations to develop

transportation services to connect low income and welfare recipients with employment and support

services (TEA-21, 1998(b)).

3. Implementation

TEA-21 is implemented through state and regional long-range policy plans and short-range
implementation programs. The long-range plan is a 20-year forecast plan that must consider a wide range
of social, environmental, energy, and economic factors in determining overall state and regional goals.
In Washington, the long-range state transportation plan is known as the State Transportation Policy
Plan (STPP). The Metropolitan Transportation Plan (MTP) is the official long-range plan operating at
the regional level. These state and regional long-range plans are implemented through annually updated
short-term 3 year Transportation Improvement Programs (TIPs). In a sense, the MTP is the menu and
the TIP is the meal. Whereas the MTP spells out the general direction and sets of projects worthy of
consideration, or what’s available on the menu, the shorter term TIP is what is obligated, or ordered as
the meal. One of the primary developments currently underway at the state level is the update to the
State Transportation Policy Plan to include a health and a carbon dioxide (CO,) component. Depending
on how these sections are written, they have the potential to provide the necessary backdrop for the

region to become more focused on some of the themes of the LUTAQH study.

The state TIP or STIP is a compilation of regional TIPs. At the regional level, the TIP must establish
priorities for all surface transportation projects for all jurisdictions in the region in order to be eligible for
tfederal funding. In addition, under Washington State transportation planning conformity requirements,
all state and locally funded projects must be evaluated for consistency with the relevant Metropolitan
Transportation Plan (MTP) and must be included in the TIP in order to be modelled for air quality
conformity (PSRC, 2001). This process ensures that TIPs consider the potential air quality impacts of

all changes to the transportation system.
B. Regional Level

1. Destination 2030

Destination 2030, the Puget Sound Regional Council’s Metropolitan Transportation Plan (MTP), lays
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out a program to address transportation problems by investing in more roads, providing more transit
service, improving traffic management, and improving linkages between land use and transportation
planning. The plan identifies over 2,200 specific projects that will improve roads, transit and ferry service
(PSRC, 2001). Destination 2030 is action oriented, and focuses on implementation and monitoring of
regional projects such as transportation enhancements, congestion management, intelligent transportation
systems, growth strategies, transit oriented development, and bicycle and pedestrian programs, to name

a few.

One element of Destination 2030 of special importance to this project is the goal of specifically
defining the linkage between land use and transportation planning and outcomes, as addressed in Vision
2020. This aspect of Destination 2030 is “focused on preserving and developing complete communities,
redeveloping urban transportation corridors, and directing employment and housing growth into locations
and patterns that make it easier to walk, bike, and use transit. Additional urban design guidance, as well
as descriptions of different types of development strategies and financial incentives, will reinforce the

critical link between land use and transportation planning.” (PSRC, 2002)

2. Transportation Policies in the King County Comprehensive Plan

King County’s Comprehensive Plan guides County transportation and transit planning, though
the overall direction taken by transportation policy in the Comprehensive Plan is derived from the
PSRC’s Metropolitan Transportation Plan. In addition, the concurrency requirements put forth in
Washington’s GMA also influence the Comprehensive Plan’s direction. Concurrency requirements state
that development cannot be approved unless improvements are developed concurrently (within six
years) to mitigate transportation impacts resulting from that development, in order to maintain levels
of service on the transportation network at standards set in the Comprehensive Plan. The high costs
and negative side effects associated with constructing additional road network capacity to maintain the
pre-established network levels of service (through concurrency) has resulted in some shift in local plan
policies and guidance. Primarily, policies have emerged in Comprehensive Plans that encourage land use
and development strategies that result in the least increase in vehicle traffic on the road network (King
County, 2000).

Policies included in the Comprehensive Plan which support the concurrency requirements include:

*  Support for Transportation Demand Management (TDM) strategies which maximize the
efficient use of the existing transportation network by reducing SOV travel and encouraging

use of alternatives;

* Directing future development to the designated urban growth area (UGA), so that existing

transportation infrastructure is used most efficiently, and transit service can be provided
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effectively;

*  Support for mixed use developments within the UGA, in order to reduce the need for

longer trips on the regional road network;

*  Developing, along with local jurisdictions, mode split goals to established employment

centers, and strategies to reach those goals (King County, 2000).

The King County Comprehensive Plan is also supportive of bicycling and walking for transportation.
Specifically, it includes policies which promote the use of these modes in order to expand areas
effectively served by transit and increase personal mobility in a broader range of land use types. The
plan calls for incorporation of enhancements to these modes whenever transportation improvements

are considered.

Finally, the Comprehensive Plan also provides policy guidance for the integration of transit system
development and land use planning, in accordance with Washington’s GMA requirement to integrate
transit planning with the Comprehensive Plan. The Comprehensive Plan calls for development of land
use regulations which promote transit use through increased density, affordable housing, and mixing
of uses, especially along transit corridors and near transit stations (King County, 2000). Countywide

transit planning policy is more thoroughly developed in the County’s Transit Development Plan.

3. King County Six-Year Transit Development Plan

King County’s current six-year transit plan (2002-2007) is focused on the goals of congestion relief
and improved mobility. The Transit Plan’s mobility goals, which are of most interest to this study,
include implementing transit system improvements in those areas where land use is most supportive
of efficient transit service provision and most likely to attract high ridership — primarily within King

County’s UGA — and encouraging new developments that are transit-oriented (King County, 2002).

Specifically, the plan seeks to work with “jurisdictions that aggressively implement local land use
plans, growth management strategies, and regulations to facilitate development that is supportive of
transit service.” It focuses enhanced service provision in those urban centers that achieve their growth
targets and “encourage higher density development and pedestrian activity through adopted regulations
and policies that advance transit-supportive development, promote mixed-uses, establish minimum

densities, and reduce parking requirements” (King County, 2002).
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IV. LanD Use/URrBAN QUALITY OF LIFE

A. The Washington State Growth Management Act (GMA)

In June 1990, the Washington State Legislature passed Engrossed Substitute House Bill 2929 -- the
Growth Management Act (GMA). The GMA is a framework for “managing growth in a coordinated and
comprehensive manner” and better coordinating land use and transportation planning in Washington
State. Under GMA, local comprehensive plans are required for all counties (and cities within those
counties) that have a population of over 50,000 people or growth rates of more than 20 percent over
the previous 10 years (GMA, 1990). These plans must contain transportation and land use elements.
Transportation concurrency requirements directly link new growth to transportation plans and financing,
In 1991, the GMA was amended to further define requirements and to establish a framework for co-
ordination among local governments through countywide and multi-county planning policies (Frank,

1994).

The GMA also requires counties to designate urban growth areas of sufficient size and density to
accommodate the urban growth projected to occur in the County for the succeeding 20-year period.
The Act is intended to reduce sprawl and direct development to urban areas where public facilities
and services exist or can be efficiently provided. By encouraging more compact development, the
GMA seeks to “preserve rural lands and natural resources.” Countywide and multi-county policies are

required to implement these provisions (GMA, 1990).

While GMA mentions air quality as a primary consideration for local plans and regulations, it posits
no specific recommendations as to how local jurisdictions should protect or improve air quality. Clearly,
however, some of the transportation policies mentioned later in the act are meant to improve air quality

and traffic congestion.

Under GMA, local transportation plans are to be based upon projected land use patterns and the
projected travel demand generated by those land use patterns. One of the goals of GMA is to “encourage
efficient multimodal transportation systems that are based on regional priorities and coordinated with
the county and city comprehensive plans” (GMA, 1990). The transportation programs and policies
outlined in GMA seek to maintain an efficient level of service and indirectly benefit air quality. The GMA
requires cities and counties to adopt demand management strategies that may “include increased public
transportation service, ride sharing programs, demand management, and other transportation system
management strategies” (PSRC, 1995). The Growth Management Act also requires that countywide
policies be adopted to include transit oriented development and financial programs consistent with its

comprehensive plan and the State Transportation Policy Plan (PSRC, 1995).

One of the most important aspects of the Growth Management Act is the mechanism it creates
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tfor implementation of policies and programs. The GMA requires consistency between federal, state,
regional, and local plans. This consistency requirement extends to state and local agencies that operate
in jurisdictions required to plan under the GMA. Plans must also be internally consistent, which means
that transportation plans must support prescribed land use plans and be recognized within the capital
facilities element of the local government’s comprehensive plan. Local comprehensive plans and
development regulations are also required to comply with the provisions of GMA and with each other.
However, in many cases there is a profound gap or lack of consistency between what is recommended
in a local government’s comprehensive planning policies, and what is effectively implemented through

their development regulations.

GMA further matches local development to land use and transportation plans through concurrency.
Transportation concurrency is the requirement to mitigate the impacts of development to a pre-
established level of service (LOS) standard. According to GMA, “public facilities and services necessary
to support development shall be adequate to serve the development at the time the development is
available for occupancy and use without decreasing current service levels below locally established
minimum standards” (GMA, 1990). This has been interpreted to mean that improvements must be in
place within six years of occupancy or permitting. Timely improvements to maintain LOS could benefit

air quality by relieving congestion.

The land use and capital facilities elements of local plans noted above are required under GMA, and
must be co-ordinated and consistent. In keeping with federal transportation policy, the capital facilities
element must be financially constrained. In other words, improvements cannot be included in the six-
year capital facilities plan unless funding is available for the improvement during the six-year period. If
funding is inadequate, then the land use element must be reassessed “to ensure that the land use element,
capital facilities plan element, and financing plan within the capital facilities plan element are coordinated
and consistent” (GMA, 1990). This system of consistency between plans ensures that policies from the
state and regional level are implemented through comprehensive plans and development regulations at
the local level. Therefore, any policies regarding air quality, transportation, or land use adopted as part

of GMA should be incorporated into local practice.

B. Vision 2020

Vision 20201s along-range growth management, economic development, and transportationinvestment
guide for the Central Puget Sound Region. This plan identifies ways in which sound investments can be
made in urban and rural areas to improve quality of life. Vision 2020 calls for urban growth areas with
development focused in compact walkable communities with a good mix of housing and employment,
so that services can be provided efficiently. By encouraging infilling and urban densification, Vision

2020 also aims to conserve farmland, forests and other natural resources. The plan strives to preserve
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rural areas by supporting uses consistent with rural character, such as farming, forestry, and low-density

housing.

Vision 2020 is composed of eight interlinked and ovetlapping policy areas, which together provide

comprehensive coverage of planning goals:
*  Urban Growth Areas
*  Contiguous and Orderly Development
*  Regional Capital Facilities
* Housing
*  Rural Areas
*  Open Space, Resource Protection, and Critical Areas
*  Economics

* Transportation
As stated by the PSRC,

“VISION 2020 provides a regional framework for achieving these goals that builds upon and supports local, countywide,
regional and state planning efforts. Countywide planning policies in each of the counties supply the local framework and provide
additional detail for county and city comprebensive plans. The policies in VISION 2020 reflect broad directions agreed to by
member jurisdictions and agencies, and are not meant to necessarily convey regional responsibility for implementation. Many of
the policies reflect and will be implemented through local comprebensive plans, and transit agency and state transportation plans
and programs, as well as regional efforts” (PSRC, 2002).

Regional elected officials have formally adopted this plan, indicating their commitment to its importance
and their awareness that counties must work together to solve regional issues. Implementation of
Vision 2020 occurs through regional action, local comprehensive plans and development regulations,
transit agencies, and state transportation plans. The Puget Sound Regional Council has three primary
ways to implement Vision 2020. These include policy and plan review, development of the regional TIP,
and monitoring. Policy and plan review are GMA requirements. The TIP is required by TEA-21 and
must be consistent with the Metropolitan Transportation Plan and the state air quality SIP. Monitoring
of progress is required by both TEA-21 and CAAA, and provides information on the specific steps
that the region, cities, counties, and agencies are taking to implement transportation, land use, and

environmental policies.

Vision 2020 creates a framework for local planning based on concentrated growth areas connected
by an efficient transportation system. Together, Vision 2020 and the Metropolitan Transportation Plan

(MTP) are designed to address the region’s transportation problems in compliance with federal and
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state transportation, air quality, and growth management legislation. Under Washington’s GMA, the
PSRC must certify that transportation components of comprehensive plans are in conformity with
Destination 2030. A monitoring system has been put into place to review project goals and outcomes

to ensure this conformity.

C. Land Use Policies in the King County Comprehensive Plan

King County developed its first Comprehensive Land Use Plan under the Washington State GMA in
1994. The plan underwent a major review in 2000, and recommended updates resulting from the 2004
review are currently before the King County Council. The County’s comprehensive plan is designed
to meet the goals specified in the state GMA, as well as county and community goals and aspirations
laid out in the 1992 Countywide Planning Process. The Comprehensive Plan provides a framework
for decision making about land use in unincorporated areas of the County, and provides incorporated
communities within the County with a coherent and comprehensive summary of the County’s position

on growth management issues (King County 2000).

The plan includes a designated urban growth area (UGA) focused in and around existing urban
centers in the County, which will absorb most future growth in order to limit sprawl and maximize
the efficiency of use of public infrastructure resources. The plan includes the following key polices

regarding the development of urban centers:

* Minimum housing densities in new developments, and increases in density in existing

developments only where existing public services, including transit services, are adequate.

*  Useof densityincentives to encourage developers to provide, among other things, “innovative

affordable housing, significant open space, trails and parks, and [locations] close to transit.”

*  Mixing of high density residential development with retail and service uses, in designated

Community and Neighborhood Business Centers, Activity Centers, and Commercial Areas.

* Innovative, high quality infill development that increases the range of housing types
and prices available and optimizes use of designated urban lands through higher density

development.

*  The direction of new jobs and housing to existing urban centers in the UGA through the

use of growth targets.

* The development of Community Business Centers that are accessible by public transit,

pedestrians and cyclists.

The plan includes the following policies with regard to housing:
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*  Support for affordable housing by enabling development of innovative housing types and

preservation of existing affordable housing,

*  Ensure a balance of jobs and housing in County communities to reduce demand on the

regional transportation system (King County 2000).

V. SummARY ofF AIR QuALITY, TRANSPORTATION AND LAND Use PoLicy
INTERACTIONS

Over the past fifteen years several new pieces of legislation have been enacted at the federal, state,
and regional levels to regulate air quality, transportation, and land use, resulting in a comprehensive
framework for action on these issues. The Clean Air Act Amendments of 1990 (CAAA) establish
transportation control measures (TCMs) which are included in State Implementation Plans (SIP) for air
quality attainment. ISTEA and TEA-21 require that TCMs be included in long-range transportation
plans and Transportation Improvement Programs (TIPs). Transportation plans utilizing federal funds
must be modeled for air quality conformity pursuant to the CAAA and other federal regulations.
Washington State regulations takes conformity a step further by requiring air quality modeling for all
transportation plans, regardless of funding. Washington’s Growth Management Act (GMA) requires
that the transportation elements of county and local plans be consistent with land use elements. The
concurrency requirements in the GMA also require that transportation related impacts of development

be mitigated. The various interrelationships of these policies can be seen in Figure 4 below.

LAND USE TRANSPORTATION AIR QUALITY

Washington State Growth InteramodalSuHAce Clean Air Act Ammendments
IVEnagementsAC(GIVIAY IS g poeiiton Biieleney (CAARY) 011990
papetisoundVasions202() Act (ISTHA) of 19911

State Implementation
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conformity consistency

Mobile Source Regulations:
Transportation Control
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et Long Range Transportation ittty

Local C hensive P1
ocal Comprehensive Plan Plan (LRTP or MTP)

Development Regulations Transportation Improvement gy
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State, regional and county policies build upon CAAA, ISTEA, and GMA. Washington’s State
Environmental Policy Act evaluates air quality, transportation, and land use impacts at the project
level. Adverse impacts can be mitigated by modifying proposals before they are implemented. The

Washington State Commute Trip Reduction Act seeks to improve air quality through transportation
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demand management (TDM). Recommended TDM strategies include transit supportive land use
development, specifically increased density and improved land use mix around transit facilities. The State
Transportation Policy Plan also encourages transit use and calls for an integration of transportation,
environmental, and land use concerns in the formulation of transportation plans and programs. PSRC’s
Vision 2020 builds upon the policies described above to develop an integrated regional land use and
transportation program. Its goals include the creation of transit oriented developments in order to
improve air quality and reduce congestion, as well as increased density, land use mix, and jobs-housing
balance. Finally, King County’s Transit Plan seeks to allocate additional transit service first and foremost

in locations where local governments aggressively pursue transit-supportive land use policies

Although these policies make an explicit link between land use, travel behavior and air quality and
acknowledge the need to link these issues in planning processes, in some areas they fall short in fully

implementing this integration at the local level:

*  While CAAA clearly defines the requirement for conformity between the State
Implementation Plan, transportation control measures, and transportation plans, it does
not specify the jurisdictional authority of air quality, transportation and land use planning
agencies. Air quality is perceived by most local jurisdictions to be a regional problem; as a
result, air quality considerations are rarely a priority in local plans, although King County’s
Comprehensive Plan does acknowledge that County-level action is needed to maintain and
improve air quality. In addition, because of the jurisdictional ambiguity of CAAA, regional
air quality agencies have been hesitant to mandate policies affecting local transportation
investments and land use decisions. Instead, the agencies operate in an advisory role; they
offer suggestions, but are unable to exert any real power or demand change. If local land
use and transportation policies are to contribute to the attainment of regional air quality,

these relationships must be clarified.

*  CAAA places major emphasis on changing travel behavior — in particular, reducing vehicle
miles traveled — to achieve clean air in urban areas (PSRC, 1992). The legislation also
places significant emphasis on reducing vehicle emissions, in recognition of the fact that
the majority of all urban pollutants come from single occupant vehicle travel. Currently,
transportation control measures (TCMs) that focus on changing travel behavior are among
the most popular policy approaches to reducing mobile source emissions. However, as
vehicle miles traveled (VMT) and vehicle hours of travel (VHT) continue to increase due
to growth in metropolitan areas, traditional TCMs which focus on travel behavior to the
exclusion of land use considerations will prove less effective in meeting air quality standards.
Structural measures with long term influence, such as the alteration of land use patterns, will

be needed to meaningfully alter travel behavior and improve air quality.
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The assessment of the conformity of transportation plans with air quality requirements
currently required by CAAA, ISTEA, and GMA could be improved. Currently, all individual
transportation projects included in a particular plan are modeled collectively. This means that
individual projects which cause concentrated or localized problems known as “hot spots”
may be included in a TIP or other transportation plan because their regional impact is offset
by other projects in the plan.? Currently, there is no mechanism through which to weigh

the localized costs of “hot spot” emissions problems against the regional air quality benefits
that may be derived from concentrated development. Likewise, there is no process with
which to integrate the findings from local project level analyses with regional transportation
investment decisions such as TIPs. Better integrating local and regional levels of decision
making would assist the evaluation of regional transportation and air quality costs and
benefits associated with development proposals which seek to capitalize on high levels of
land use mix, density, and existing transportation infrastructure. Such a development would
help both to foster use of alternatives to the automobile, and conformity with federal air

quality requirements (Frank, 1996).

To meet the requirements of CAAA, transportation and air quality officials need to establish
new partnerships and cooperative approaches in order to identify innovative solutions to
transportation and air quality problems. State and local planning and air quality officials will
need to coordinate early in the development of land use and transportation plans to ensure

that air quality concerns are adequately considered.

Washington’s GMA establishes a comprehensive system of concurrency and consistency
requirements. However, as implemented, only transportation projects are required to be
consistent and concurrent with land use. GMA could be amended to include conformity
with air quality and other environmental policies so that local land use and transportation

plans would have to complement these policies.

The State Environmental Policy Act is the only legislation reviewed in this report that
addresses air quality at the project level. For this reason, it is essential that the SEPA review
process be sound. Currently, mobile source emissions can be declared “non-significant”
without any testing or evaluation. At a minimum, the SEPA review process should explore

emissions derived from a proposal’s potential trip genemtion.3

The State Transportation Policy Plan is general in its assertion that land use, transportation,

and environmental considerations should be integrated. To effectively shape travel behaviors

2
3

“Hot Spots” are identified through the project level environmental assessment process required by SEPA.
The SEPA environmental review process is being integrated with the Growth Management Act review process. This

may result in a more comprehensive and detailed project review process; unfortunately, the potential also exists for a weaker

environmental review checklist than exists currently.
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that will significantly impact air quality, the integration of policies must be made more
specific, and the land use patterns needed to bring about those changes in behavior must be

specified.

*  Vision 2020 and the Commute Trip Reduction Act have been vigorously incorporated into
local comprehensive plans. These policies have met with varying degrees of success in actual
implementation; while the principles and concepts underlying the policies are accepted as
sound, the market has been slow to embrace measures such as ride-sharing and increased

residential density.

Local plans and development regulations incorporate new policy initiatives that are mandated from a
higher level. For example, extensive changes in local plans were required to incorporate the provisions
of the GMA and Vision 2020, as well as higher-level air quality regulations. Nonetheless, air quality is
generally considered to be a regional rather than local problem, and is not factored into local land use
planning, although King County has included policy guidance in its Comprehensive Plan that supports
urban growth boundaries and mixed use developments as methods of reducing transportation-related
emissions. As the research in this report shows, land use decisions made at the local level have a direct
effect on travel behavior and air quality. The linkage between land use, travel behavior and air quality
needs to be made explicit in local planning, and there needs to be better integration of local and regional
planning and implementation in these areas. Further information on federal, state, and regional policies
in these areas and their implementation by local governments can be found in Land Use Effects on Travel
Demand and Air Quality in the Central Puget Sound Region, Report I: Land Use Planning for Transportation and Air
Quality Under Growth Management (Frank and Minton, 1990).

VI. ConcLusioN—BUILDING CLEAR LiNks BETWEEN LAND UsE & TRAVEL
BEHAVIOR IN PoLicy & PLANS

A policy framework has been established linking land use, travel and air quality in the Central Puget
Sound Region. Respiratory dysfunction associated with poor air quality is one health consideration that
could be addressed through an already adopted formal policy framework. However, there are many
other public health predictors, including obesity and physical activity levels, that are impacted by land use
and transportation decisions. These outcomes appear to be less connected with adopted policy and with
how land use and transportation decisions are currently made. There is a distinct disconnect between
adopted policy and practice where health is concerned. The original intent of a great deal of our
adopted policy, in a broader sense, is to address health impacts of actions that shape the environment
in which we live, work, and play. For example, zoning is the primary tool employed to legally designate
how land can be used. States enabled cities and counties in the eatly part of the 20" Century to use

zoning as a tool to protect the health, safety, and welfare of the public. Yet little has been done to
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demonstrate the connections between this definition of zoning powers and public health.

Regionally significant land use and transportation investment decisions are most often subject to the
requirements of the National Environmental Policy Act (NEPA) that stipulates the identification and
the mitigation of adverse outcomes. However, even though the original policy language of NEPA
speaks to the need for identification of health impacts within the project review process, this is seldom,
if ever, done outside of matters of toxicology and exposure. However, the argument to expand this is
not a great leap. Concerns with environmental impacts are often centered on how actions can adversely

affect our air, water, and other natural systems that predicate human health and quality of life.

The federal, state, regional and county policies described above implicitly or explicitly acknowledge
that the success of transportation policies in reducing air pollution will depend to a large extent on
whether or not regional land use patterns support the use of alternatives to the automobile. CAAA
places major emphasis on changing travel behavior to improve air quality. Air quality problems are
persisting while vehicle travel is increasing. Both land use and transportation investments impact travel
demand. Land use changes could be effective in reducing vehicle travel, but only within the context of

supportive transportation investment decisions.

Washington State’s GMA encourages the use of “innovative” land use management techniques
to enable attainment of its goals and policies. GMA identifies land use mix, proximity of jobs to
housing, population density, building density, and level of transportation service as important potential
implementation measures of the Act’s requirements (GMA, 1990). Likewise, land use requirements
needed to bring about changes in travel behavior are outlined in the STPP, but must be more precisely
specified. Vision 2020 is based on the assumption that developing denser, mixed-use centers will result
in a less auto dependent travel pattern, and King County’s Comprehensive Plan has also called for
increased mixed-use development, higher density development and maintenance of an urban growth
boundary as methods of reducing VMT and emissions. Testing the effectiveness of these measures
has never been more important, given our increasing awareness of the linkages between land use, travel

behavior and the health impacts of poor air quality.

These policies also acknowledge the importance of walking and transit as alternatives to automobile
dependence, but fall short on specific recommendations for encouraging their use. For instance, ISTEA
(and its reauthorizations) have helped to create a renewed awareness of the role that walking and transit
can play in accommodating the travel needs of a metropolitan region. However, despite the passage
of more than a decade since ISTEA was enacted, planners are only now beginning to become aware
of the role that land uses play in travel behavior. For instance, while planners have developed “rules
of thumb” about the development patterns that encourage walking as a transportation mode, to date
there is little sound empirical basis on which to make these assertions, because land use data traditionally

has been inadequate to permit a detailed analysis of how land use patterns influence walking, Similarly,
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much of the research on transit has focused on the origin end of the trip — how to get people on
trains, or which level of residential density is needed to ensure a reasonable farebox recovery on transit
investments. While information on the origin end of trips is important, the reality is that regardless of
the characteristics of the origin end of the trip, individuals have little reason to use transit unless it takes

them close to their actual destination.

A major focus of the research described here is to empirically test the relationships between the land
use variables mentioned in these policies, and the travel behavior and trip related emissions produced by
regional residents. This study is unique in that for the first time, the relationship between walking and
transit usage and a variety of unique and individual land uses can be examined at a disaggregate level.
Parcel-level land use data supplied by King County provides the ability to delve deeper into relationships
between walking, transit ridership, and land use patterns at both the origin and destination ends of trips.
Also, unlike previous studies, this study is able to isolate the effects that mixed land uses have on trip
making, independent of the effects of density. Analysis accomplished with this data will put policy
makers on a sound empirical footing when making land use and transportation policy decisions. By
testing the impact of land use patterns on travel behavior, this project will help identify supportive land
use strategies, population and employment densities that are required to foster walking and transit usage,
and thus provide a basis for targeted recommendations on regulation and incentive based approaches
to land use management. Furthermore, since this project utilizes data gathered from households in
the Central Puget Sound area, its results will be directly applicable to subsequent evaluations of the
potential for Vision 2020 and Destination 2030 to bring about desired change in the form of urban
centers and suburban communities, and the travel behavior that takes place in them. King County’s
Transit Development Plan currently calls for the allocation of additional transit service in those areas
where local governments are aggressively pursuing the implementation of transit-supportive land use
policies. Clearly identifying the linkages between land use and travel behaviors such as transit usage will

enable the County to take an effective, evidence-based approach to allocation of transit service.

Surprisingly little work has been done to document the effects of specific land use and transportation
investment policies on household vehicle emissions. The methods described in this report present a
new approach to estimating household vehicle emissions at the trip component or facility link level. We
believe that this approach will form the basis of a useful tool for assessing how specific transportation
investments and land development projects result in better or worse air quality at the regional scale.
Eventually, in-vehicle GPS systems will increase objectivity in the collection of information on travel
patterns. However, the widespread use of such methods will be years in the making, and more rigorous
methods to assess actual travel choices and their air quality impacts are desperately needed now. This
research described here provides a method to increase objectivity in travel data collection practice, in
order to provide decision makers with a cost effective source of information on travel behavior — air

quality relationships that can readily be applied at project, subarea, and regional scales.
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It is also important to develop more informed local planning processes, because, as the research in
this report will show, land use decisions made at the local level have a major influence on travel behavior
and effect air quality. The research described here demonstrates the linkages between local level land
use planning, travel behavior and air quality and provides a basis for integrating local and regional

planning and implementation in these areas.

As noted, a considerable policy framework has been established linking land use with transportation
and air quality in the Central Puget Sound Region. At all levels of government, linkages between
development, transportation investment, and vehicle emissions are written into policy. Growth
management theoretically provides a structure for establishing external vertical consistency between
levels of government and horizontal consistency between neighboring jurisdictions. Internal consistency
between the elements of a comprehensive plan is also a requirement of growth management. However,
to date, only a very limited set of measures have been established to objectively determine what constitutes
consistency in each of these domains. Particularly glaring is the gap between policy and implementation.
Development regulations that control land use, and programming criteria that control transportation
investment are considerably out of alignment with adopted policy calling for reduced auto dependence.
The research presented in this report documents ways to assess the degree of consistency between
policy and actual outcomes in terms of development regulations, programming criteria, and resulting

land use decisions and transportation investments.

A considerable set of interlocking policies now exists calling for better linkages between land use,
transportation, and air quality, and research in one form or another has been around long enough
to document that working towards these linkages will help to meet long held goals of improved
transportation and air quality. However, recent evidence further bolsters the argument that more
efficient ways to develop our communities are required; in particular, recent findings suggest the need

to consider impacts of transportation and land use decisions on climate change and public health.
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CHAPTER ll: EMERGING IssUES IMPACTING
CommuniTY DEsIGN—CLIMATE CHANGE AND
PusLic HEALTH

|. INTRODUCTION

This chapter explores two emerging sets of issues, climate change and public health, each of which
are directly impacted by the design of the communities in which we live. It was determined at the
outset that the LUTAQH program should include these two “new’” arenas of public concern in order
to meet its strategic goals of promoting long term sustainability of the environment and of human
health. Unfortunately, current activities are moving us swiftly towards adverse outcomes in both arenas;
the amount of carbon dioxide (CO,) being put into the air is increasing significantly and emerging data
shows that obesity levels are continuing to increase at an alarming pace. While not addressed in this
study, recent research also documents how land use and transportation investments impact traffic safety

and crash rates.

Although the United States is not currently a participant in the Kyoto Protocol, the primary
international policy framework being used to address global GHG emissions, several states and regions
are taking significant steps to move towards increased sustainability. The relationship between those
emissions, land use and travel behavior are described here. Likewise, although there is not a coherent set
of policies currently linking public health, physical activity, land use and transportation, a discussion of
public health and physical activity, travel behavior, and urban form is presented below. Recent research
is presented from elsewhere in the U.S. which provides some significant insights into ways King County
can strategically move forward with a coherent set of actions that will help to meet adopted goals and

policies already mandated within the plans and policies noted in Chapter 1.
Il. CLimAaTE CHANGE

A. Potential Impacts

The United Nations Intergovernmental Panel on Climate Change (IPCC), the international panel of the
world’s leading scientists and scholars on atmospheric science and climate change, recently published an
updated assessment of the links between anthropogenic greenhouse gas (GHG)' emissions and climate
change, the potential effects of climate change, and the potential pathways for reducing emissions and

stabilizing atmospheric GHG concentrations. The IPCC has found that climate change impacts have

1 Throughout this paper, CO, and GHGs may be used interchangeably.
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already occurred. These sobering findings include:

*  Global average surface temperature has increased over the 20th century by about 0.6°C

(1°F); the 1990s was the warmest decade (1998 the warmest year) on instrumental record.
*  Global average sea level rose between 0.1 and 0.2m (4-8”) during the 20th century.

The IPCC also reports that the global rise in temperature has already affected many physical and
biological systems in many parts of the world. Examples include shrinkage of glaciers, lengthening of
mid- to high-latitude growing seasons, shifts in plant and animal ranges to higher altitudes and toward
the poles, declines in some plant and plant populations, and eatlier flowering of trees and emergence of
msects (IPCC, 2001).

Further temperature changes will significantly alter precipitation cycles, and fluctuations in both
temperature and precipitation are likely to occur unevenly across the globe and over time. Swift, severe
changes in weather are possible, and such changes pose a serious challenge to human and ecosystem
adaptation. The latest modelling projections through 2100 reveal that the global average surface
temperature will increase 1.4 to 5.8°C (2.5 to 10.4°F), and that this will most likely have significant

environmental and economic consequences including:
*  Arise in sea-level by 0.09 to 0.88 m (about 3.5 to 35 inches)
*  Forest migration and loss of biodiversity
*  Decreased crop yields leading to potential food scarcity
*  Decreased water resource quantity and quality
* Increased risk of infectious disease epidemics
* Increased heat-related mortality
* Increased frequency and severity of storm events
* Increased damage to coastal ecosystems

*  Damages to property and infrastructure from increased precipitation and flooding (IPCC,
2001)2

Projected temperature increases are greater and more rapid than the earth has experienced in human
history. The severity, rapidity, and variability of the onset of these changes fundamentally challenge

human and ecosystem adaptation capabilities.

2 For more information, interested readers may refer to the IPCC web site (www.ipcc.ch).
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B. Trends in GHG Emissions

Current data suggests that global atmospheric concentrations of CO, have increased 31 percent, from
a pre-industrial level of 280 parts per million (ppm) to the current level of 360 ppm. Furthermore,
CO, levels are projected to further increase to 450 ppm by 2025 and 550 ppm by 2050. Failure to
significantly reduce global GHG emissions by as early as 2020 could eliminate the ability to achieve
atmospheric stabilization of CO, at levels of 450 ppm or lower (IPCC, 2001). Stabilizing CO, levels
in the atmosphere will require a long-term strategy for several reasons. Changing patterns of human
activity and energy use takes time; although GHGs such as CO, cycle through the atmosphere in about
10 years, the elevated level of CO, will respond very slowly to any change in input rates. For example, if
all emissions of GHGs ceased today, it might take decades before any decrease in GHG concentrations
are observed, and several centuries for the GHG concentrations to return to pre-industrial levels. Land
and air temperatures and sea level could even increase slightly due to feedback mechanisms already
activated, and then would take correspondingly long times to return to pre-industrial levels. Actions we

take today will have an important long-term influence on atmospheric concentrations of CO.,.

The United States was the largest wotldwide emitter of GHGs at 1,909 MMTCE? in 2000, and the
highest per capita emitter.* As Figure 5 illustrates, projections indicate that those emissions will continue

to increase.

U.S. CO2 Projections
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Figure 5: U.S. CO2 Projections

(Source: Frank et al 2003a)

3 Million Megatonne Carbon Equivalent
4 Value does not account for removals from carbon sinks (EPA, 2002).
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1. Trends in Emission Sources

In 2000, fossil fuel combustion accounted for 80 percent of global GHG emissions. Transportation
is the fastest growing primary contributor to those emissions (IPCC, 2001); the IPCC estimates GHG
emissions from transport increased by 20 percent between 1990 and 2000 — more than any other sector
(UNFCC 2003). This trend in transportation emissions is apparent in countries around the world,
including the U.SS., where the transportation sector currently accounts for almost one-third of US. CO,
emissions. Of this amount, cars and light trucks account for almost two-thirds of transportation sector
GHG emissions, heavy-duty trucks 16 percent, aircraft 13 percent, with the remainder from marine, rail
and other sources (TEDB 2003).

Vehicle CO, emissions are determined by three key variables: 1) efficiency in vehicle technology, 2) fuel
carbon content, and 3) vehicle miles traveled (VMT) or travel demand. While reducing transportation
GHG emissions will require progress on all three “legs of the stool,” the UNFCCC reports that parties
showed a clear preference for addressing energy intensity of vehicles and transport fuel mix (UNFCC
2003). Evidence of this pattern can be seen in the significant progress on vehicle technology in the
laboratory by auto-manufacturers and in a few models offered for sale in the automobile market (e.g.,
Honda Insight, Toyota Prius). There have been some successes in reducing vehicle GHG emissions rates:
the European Commission and the European Automobile Manufacturers Association (ACEA) entered
into a voluntary, but binding, negotiated agreement to reduce CO, emissions from passenger cars, and
Japanese auto makers lead the world in the production and sales of hybrid-electric vehicles. Despite
these successes, most efforts to get efficient or alternatively fueled vehicles into the marketplace have
met with limited success.” In regards to VMT and travel demand, the UNFCCC reports that, “transport
activity and structure were rarely addressed despite an analysis of emission trends that suggested these
two drivers contributed most to emissions growth in this sector” (UNFCC, 2003). In fact, in the U.S.
and around the world, travel demand is increasing considerably faster than can be offset by technology

and fuels alone.

There is an increasing awareness that slowing the growth of vehicular travel demand and diverting
travel to alternative modes will be key strategies for reducing GHG emissions from the transportation
sector. While research has linked urban form with the generation of Criteria Air Contaminants
(CAC%) and their effect on air quality, little work has been done to date that effectively links urban
form, travel choice, and the generation of GHG emissions. Fortunately, the actions required to reduce
GHG emissions are the same as those necessary to reduce vehicle miles traveled and encourage the

development of compact, liveable communities and reduce sprawl.

Sprawling urban regions restrict individuals’ travel choices, encourage increased use of motor vehicles

5 California has passed legislation requiring low-GHG cars and light trucks to sold in the State, beginning in model year 2009
vehicles. However, such legislation faces likely challenges, legal and otherwise, from U.S. auto makers and other automobile interest

groups.
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and increased distances traveled (Silsbe, 2003). Addressing travel demand is thus critical to the reduction
of GHG emissions, because, while vehicles only stay on the road for 10 to 15 years, current land use and
transportation infrastructure decisions will affect emissions for many decades into the future. Therefore
in the long run, implementing non-technical policy options and measures related to reducing VMT are

perhaps even more pressing than improving vehicle technology.

C. Emerging Regional Policy on Climate Change and Emissions Reductions

The Climate Protection Stakeholder Process beingled by the Puget Sound Clean Air Agency was initiated
in 2003 to identify measures for reducing GHG emissions from energy production, transportation,
buildings and facilities, agriculture forests, and solid waste. A significant focus of this stakeholder
process is on identifying priority measures for reducing emissions from transportation, since 55 percent

of CO, emissions in the Central Puget Sound Region come from cars, trucks, and buses.

The Transportation and Land Use Working group of this stakeholder process has identified several
VMT reduction strategies for consideration. They include land use and location efficiency measures
such as infill development, brownfield redevelopment and transit oriented development; the creation of
smart growth planning and modeling tools; implementation of urban growth boundaries and density
standards; and protection of key open space areas. The Working Group is also considering measures
that could promote use of low-GHG emission travel choices. These measures include expansion of
transit service, development of bike and pedestrian infrastructure, and implementation of various TDM
programs. The process of assessing priority measures for adoption is currently underway. One of the
primary assessment criteria for these measures is their ancillary environmental impacts, including public

health benefits associated with air quality improvements (PSCAA 2004).

The research results documented in this report demonstrate important relationships between a range

of travel behaviors and land use patterns that could be used to inform this stakeholder process.

D. Emerging King County Policy on GHG emissions reductions

Recommendations from the King County Executive for updates to the Comprehensive Plan (King
County 2004) acknowledged that harmful impacts related to climate change are already occurring in
the King County region, and can be expected to worsen. The plan update also recognizes that mobile
sources such as private automobiles are the single largest source of GHG emissions in the region, and
that policy guidance in the Comprehensive Plan should focus on reductions from these sources. Policy

directions recommended in the update include:
* Expanding and improving transit service.

*  Developing and implementing Transportation Demand Management (TDM) programs.
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*  Encouraging development of an urban form that increases mix of uses and street and

sidewalk connectivity in order to promote and enable use of transit, bicycling and walking
(King County 2004).

Again, the research findings described in this report will be directly relevant to the successful

implementation of these policies.

IHl. PHysicaL AcTiviTy AND HEALTH: KEY LINKAGES AND CONCERNS

An increasing body of evidence suggests that moderate forms of physical activity, such as walking
and bicycling, when engaged in regularly, can have important beneficial effects on public health. Land
use decisions and transportation investments have important but for the most part poorly understood
influences on physical activity and, hence, public health. Physical activity has long been an important
theme in the public health literature but until recently was not addressed in the planning literature. Active
or non-motorized transportation are relatively new terms, embodying walking and biking as human
powered modes of travel. The transportation planning literature in the U.S. has long been dominated
by automobile and to a lesser extent transit-related foci. Congestion mitigation, auto trip generation,
and air quality have been central themes. Rarely does the importance of non-motorized transportation
occupy a central focus within the literature on travel behavior and land development in America; where
research has extended to non-motorized transportation it has been mostly silent on the health benefits

of walking and biking as forms of physical activity.®

Furthermore, many of the costs associated with increased auto dependence are not accounted for in
the public and private investment decisions that create physical environments. To date, where public
health issues related to our dependence upon automobiles have been addressed, they have only dealt with
vehicle and pedestrian safety issues, and with the effects of automobile emissions on health (Cambridge
Systematics, 1994; Surface Transportation Policy Project, 1998). The health costs of decreased physical

activity from active forms of transportation have generally been overlooked.

This section reviews current public health, planning, and urban design research to determine, first, how
moderate physical activity such as walking and cycling might be critically important exercise behaviors
tor improving public health; second, how urban form affects the frequency of physical activities such
as walking and cycling; and third, how the public health considerations outlined in this paper might be

used by planners in the realization of health-promotive environments.

The currentlack of awareness of the linkages between built form and overall quality of life, as measured
by health, safety, and welfare considerations, suggests the need to rethink public policy approaches to

transportation investment and land development. Everyday decisions about our urban form discourage

6 See Cervero 1986; Crane 1996, 1996b; Ewing 1997; Gordon and Richardson 1997; Newman and Kenworthy 1989; Frank
and Pivo, 1995; and Moudon et al, 1997 for a review of this research.
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physical activity. For example, while a roadway widening may improve vehicular flow, it also can reduce
the space allocated to cyclists and walkers, reduce streetscape amenities, and increase hazards associated
with higher vehicle travel speeds. The result, often, is that street widenings dampen the desirability of
walking and biking as modes of travel (Rapoport, 1987; Untermann, 1987). Public policy interventions
designed to improve regional mobility, traffic congestion, and air quality could simultaneously generate

significant public health benefits by increasing levels of moderate physical activity.

Figure 6 illustrates a model of the interconnections between public health, physical activity patterns,
and the built environment. Physical activity provides a nexus through which these generally disconnected

strands of public policy can be combined.

Patterns 4
: Public
Built Environment o 3 ZE{i:&ayl —) Health

Transportation
Investments

Figure 6: Built Environment, Activity Patterns, and Obesity

The dynamic interaction between land development and transportation investments produces built
environments that encourage or discourage physical activity for both utilitarian and recreational forms
of travel. Physical activity patterns, in turn, are related to public health, but only partially through the
influence of activity patterns on body mass index. As conveyed in the above figure, levels of obesity or

chronic disease in the general population may also serve to dampen physical activity.

A. The Relationship between Physical Activity and Health

An exhaustive review conducted by the Surgeon General of the relationships between physical activity
and health concluded that substantial health gains could be realized if all persons included regular,
moderate physical activity in their lives (U.S. Department of Health and Human Services, 1996). This
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type of activity was defined as including activities such as 30 minutes of brisk walking or bicycling, 15

minutes of jogging, or 30 to 45 minutes of gardening on most days of the week.’

There is general agreement regarding the definition of intensity, duration, and frequency of walking
and bicycling in order to meet health standards. In a clinical study of the activity patterns of 17,416
men and women, Stofan et al (1998) reported that people who engaged in brisk walking for 30 minutes
on most days of the week ranked in the highest two quintiles for cardiorespiratory fitness. Moreover,
the authors discovered that those with the highest cardiorespiratory fitness levels consistently walked
more frequently than those with low or moderate levels of activity. In a review of studies, Morris and
Hardman (1997) divided the duration, frequency, and intensity goals for walking into two sets of goals:
a “basic” target for middle-aged people should be the ability to walk at a normal pace for at least 1.6
kilometers on level ground without fatigue, sore muscles, sweating, or fast breathing; a “more desirable”
target was the ability for such people to walk the same distance at the same speed but on a slight incline,
also without the symptoms. As a final example, Shephard (1997) agrees that a normal walking pace may
provide a sufficient level of intensity for elderly persons, but is sceptical as to whether this is sufficiently
intense for young or middle-aged individuals. Additionally, he maintains that bicyclists who ride at an
average speed of ten miles per hour are exercising at an adequate level of intensity for the maintenance
of good health. Research also shows that those persons at lower baseline physical activity levels may
enjoy higher marginal returns to per-unit increases in physical activity than those at higher baseline levels
(Pate et al, 1995).

More recently, research has emerged that suggests significant relationships between urban form,
physical activity and obesity. A national study led by Reid Ewing with the University of Maryland found
that the probability of being overweight or obese and being physically active is significantly associated
with overall urban form, as measured at the county level (Ewing et al 2003). A study of 10,898 Atlanta
area residents took this relationship between urban form and obesity a step further by assessing the
physical environment within a kilometer of each person’s place of residence and relating it with their
travel patterns and height/weight. The study concluded that each additional half hour spent driving
results in a 3 percent increase in the odds of obesity, while each additional kilometer walked translated
into a 4.8 percent reduction in obesity. The observations were then quartiled into levels of land use mix,
resulting in the findings that each quartile increase in land use mix was associated with a 12.2 percent
reduction in the odds of being obese (Frank et al 2004a). The results of these two studies suggest a
significant role for transportation investment and land development decisions in the promotion of active

living. Perhaps even more to the point are results from the Atlanta SMARTRAQ study, which showed

7 The Surgeon General’s recommendation focus on three aspects of physical activity: intensity, duration, and frequency

of exercise. According to Bouchard et al (1994), the intensity of exercise relates to the level at which a person’s body is working,
either in absolute terms (e.g,, as a multiple of the individual’s basal metabolic rate) or in relative terms (e.g,, as a percentage of the
individual’s maximal heart rate). Duration is the period of actual physical activity. Frequency is the number of sessions engaged in
over a week or month.
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significant relationships between the overall walkability of the residential environment, as measured by
land use mix, density, and street connectivity, and the number of minutes of moderate activity per day
(Frank et al 2005b). In this assessment, 357 observations were quartiled into four levels of walkability.
Each quartile increase in walkability was found to be associated with a 30 percent increase in the odds

of meeting the Surgeon General’s recommended 30 minutes or more of moderate activity per day.

The recommendations in the Surgeon General’s 1996 report are reflected in national public health
goals. In Healthy People 2010, a decadal articulation of national health objectives, the U.S. Department
of Health and Human Services (USDHHS 2000) advocates increasing the proportion of Americans
who engage in regular, moderate physical activity and decreasing the proportion of Americans who lead
a sedentary lifestyle. USDHHS defines moderate physical activities as “activities that use large muscle
groups and are at least equivalent to brisk walking,” while the term “sedentary” is defined as “a person

who is relatively inactive and has a lifestyle characterized by a lot of sitting,”

1. Levels of Physical Inactivity in the United States

Unfortunately, survey data consistently show that most Americans are not meeting the goals set out in

Healthy People 2010. A recent review by Mokdad et al (1999) of data from two primary national health

surveys, the Behavioral Risk Factor Surveillance System (BRFSS) and the National Health Information
Survey (NHIS), reported that only 20% of the population engages in regular, sustained exercise.
Physical inactivity levels generally are higher for minorities, the elderly, the less educated, women, and
lower income groups (Mokdad et al, 1999). Other studies report similar findings. In a review of 1990
NHIS data, Jones et al (1998) estimated that only 38% of adults met the Surgeon General’s guidelines
for moderate physical activity. A review of 1996 BRFESS data by the Centers for Disease Control and
Prevention (USDHHS et al, 1999), found that about 30% of the respondents reported no leisure-time
physical activity. Moreover, public health researchers report that these low levels of physical activity

have remained steady, or have even declined, over the past several decades (Andersen et al, 1999; Marcus
and Forsyth, 1999; Mokdad et al, 1999; Prentice and Jebb, 1995).

2. The Cost of Physical Inactivity

The public health literature has established physical inactivity as a major health problem, on a par with
other risk factors for mortality and chronic disease. To cite one study that provides an indication of the
scale of the problem, McGinnis and Foege (1993) estimated that poor diet and sedentary living patterns
caused some 300,000 deaths in 1990 (14 percent of all deaths), ranking this as the second leading cause
of non-genetic deaths, behind tobacco but well ahead of such well-known causes as firearms and motor
vehicle accidents. Epidemiological research has shown that regular physical activity can reduce risk

tactors for many chronic diseases including coronary heart disease, some cancers, hypertension, diabetes,
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osteoporosis, obesity, anxiety, and clinical depression (Paffenbarger et al, 1996; Pate et al, 1995).

B. Influence of Urban Form on Physical Activity

The above considerations have lead public health researchers to concentrate on understanding the

barriers to physical activity. In general terms, the literature defines barriers along two lines:

Personal barriers are subjective considerations that restrict an individual’s motivation or
ability to exercise. Frequently cited personal barriers include lack of time, physical inability
to exercise, lack of social support, childcare responsibilities and lack of health knowledge
(Booth et al, 1997; Myers and Roth, 1997; Sallis et al, 1986). Personal barriers are often
conceptualized as perceptive; time constraints, for example, may be as much a perceptive

condition as an objective one (Dishman and Sallis, 1994).

Environmental barriers are real-world conditions that place restrictions on physical activity,
such as the lack of bike lanes on roads. Few public health models have operationalized

the role of the physical environment in health to a level of great detail (Sallis and Owen,
1990).

Both types of barriers show up in responses to surveys of why people do not walk or bike more

frequently (see for example Go for Green/Environics, 1998). Similar conclusions have been drawn by

the Federal Highway Administration in analyses of factors influencing non-motorized mode choice.

More recently, analysis of the interaction between the built environment and health related outcomes are

beginning to addressing the issue of causation. To date, most of the research is based on cross-sectional

data collected on observations at one point in time and does not control for individual preferences for

neighbourhood type or travel preferences. Results most often only make inference about association

as opposed to causation. Obviously, our preferences shape our behaviour, but we argue so does our

choice set, which extends from the physical setting in which we live, work, and play. It is often difficult

to separate out the effect of our preferences from urban form in shaping our behavior. The recently

released Transportation Research Board /Institute of Medicine teport Does the Built Environment Influence

Physical Activity? Excamining the Evidence, No. 282 released in January of 2005 makes this very point:

A growing body of empirical evidence, primarily from cross-sectional studies, supports an association between the built environment
and physical activity behavior.” However, the science is “not sufficiently advanced to support causal connections or identify
with certainty those characteristics of the built environment most closely associated with physical activity behavior.”

Among its recommendations for future research are:

1.

“[A] continuing and well-supported research effort in this area, which Congress should support
in its authorization of research funding for health, physical activity, transportation, planning,

and other related areas.” The associated research priorities include interdisciplinary approaches
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and international collaboration, more complete conceptual models, better research designs
(particularly longitudinal studies) that address causality issues, and more detailed examination
and matching of specific characteristics of the built environment with different types of physical

activity.

2. “[Flederally supported research funding [that targets] high-payoff but difficult-to-finance
multiyear projects and enhanced data collection.” Among the highest priorities are “multiyear
longitudinal studies, a rapid-response capability to take advantage of natural experiments as they

arise, and support for recommended additions to national databases.”

1. Personal Barriers to Physical Activity

One of the most commonly reported personal barriers to physical activity is lack of time (Booth
et al, 1997; Oja et al, 1998; Owen and Bauman, 1992). This may be related to the concept of a fixed
household travel time budget. The idea that people are willing to invest a fixed amount of time each day
into travel is a phenomenon known as the “law of constant travel time” (Hupkes, 1982). It suggests that
an increased travel time requirement for vehicular travel necessarily reduces the time that a household
may choose to budget for travel devoted to other, more physically active modes.® While vehicle miles
of travel (VMT) have generally been increasing over time, evidence has shown that the amount of time
spent on commuting to work has remained relatively constant (Pisarski, 1996). This may imply that
travelers are using vehicles more frequently to access other, non-work destinations as well — possibly

because their urban environments are not conducive to walking or cycling.

2. Environmental barriers to physical activity

Although some public health scholars have asserted that changes to the built environment have the
potential to increase physical activity much more than policies aimed at influencing individual behavior
(e.g., Schmid et al, 1995), environmental barriers to physical activity are poorly understood. The planning
literature on this subject suffers from a lack of attention to non-motorized transportation and also from
methodological problems extending from limited data (Frank, 2000), but some research conducted in
the United States and in Europe suggests that urban form has a powerful influence on walking and
biking as well as on overall household activity patterns (Pucher, 1998; Moudon and Hess, 1997; Lawton,
1999).

Little research has been conducted into which specific environmental barriers may hinder decisions

to adopt and maintain physically active lifestyles. While a number of studies have found a relationship

8 The notion of an household travel time budget is supported through findings from a household activity-based travel survey
conducted in and around Portland, Oregon in 1994, which suggested that households tend to allocate a consistent amount of time to
travel, regardless of regional location, or the urban design and transportation characteristics of its environs (Lawton 1999).
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between environmental variables such as neighborhood safety and the presence of exercise facilities in

neighborhoods (CDC, 1999; Linenger et al, 1991), this line of research is in its infancy.

Environmental barriers may have disproportionate impacts on different sub-groups within the
population, most especially for vulnerable groups such as the young and the elderly. The Organization
for Economic Co-operation and Development (OECD, 1998) reviewed studies from different member
states on the personal mobility of the elderly, and observed that they may restrict their mobility due to
safety considerations more than other groups. Such concerns may be related to the particular difficulties
that the elderly face when negotiating the urban environment. For example, slower walking speed
may restrict an elderly person’s ability to safely negotiate crosswalks and other features of the built

environment.

Similarly, safety issues dominate the literature on children’s travel. Because children perceive the
environment in different ways than adults, are smaller in size, and lack experience in traffic situations,
children are frequently the victims of traffic accidents. A number of scholars have speculated that
parents do not allow their children to travel by themselves due to increased fears of traffic dangers,
resulting in fewer trips by children on foot or by bicycle and more trips as passengers in a car (Davis,
1998; Daisa et al, 1996; DiGuiseppi et al, 1997; Hillman et al, 1990; Roberts, 1993). As a result, more
and more children are relying on the car for mobility rather than walking and biking. These travel habits

are then carried into adulthood.

To enable a clearer understanding of the effects of environmental barriers on physical activity, it will
be useful to separately examine components of the built environment — transportation systems, land use

and urban form, and micro-scale urban design.

a) Transportation Systems

Transportation systems provide connections between activities. The characteristics of these systems
determine the physical pathways and the relative utility of different travel modes. At the macro or sub-
regional level, the supply or capacity for movement across arterials, bikeways, railways, and limited access
highways impacts the choice of mode for commuting and other trips between centers or urban areas.
Collectively, mode choice between centers or areas of a region and within centers or communities is a
synergistic process. For example, transit’s regional effectiveness hinges upon the pedestrian environment
at thelocal and neighborhood scale. In addition, the ability to forgo car ownership requires the availability

of effective and efficient forms of transit and non-motorized movement.

Within urban centers and communities, the connectivity of the street network and the distribution of
space among the different modes of travel within a given right of way impacts the directness and quality

of travel. This scale determines one’s ability to walk and bike between places of residence, commerce,
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employment, and recreation.

Generally, there are two types of street networks. Well-connected street networks tend to have smaller
blocks, more intersections, and offer more direct movement between activities. The grid pattern is the
archetype of high connectivity and is capable of increasing walking and biking by reducing the distance
between trip origins and destinations, offering alternative pathways of movement, creating interest, and
moderating vehicular travel speeds through the closer spacing of intersections (Southworth and Owens,
1993; Frank et al, 2000).

The high connectivity of a gridded street network is contrasted with the dendritic street network.
In this type of system, streets are hierarchical, curvilinear, and often follow land contours. Residential
streets loop back upon themselves, terminate in cul-de-sacs and feed into major arterial roads which
are designed for heavy traffic volumes and often feature no pedestrian or bicycle amenities. Dendritic
networks are characterized by a low number of blocks and intersections per unit of area, increasing trip

length, and decreasing route and modal choice (Frank, 2000; Southworth and Owens, 1993).

b) Land Use and Urban Form

Land development patterns define the arrangement of activities and impact the proximity between
trip origins and destinations. Two key characteristics of land development patterns are considered here:
density and mix of uses. Density, or compactness, can be measured in terms of the number of persons,
households, or employees per acre, square kilometer, or square mile (Dunphy and Fisher, 1996; Frank
et al, 2000; Holtzclaw, 1994). There is an extensive body of literature on density and its relationship to
travel choice (Cervero and Gorham, 1995; Dunphy and Fisher, 1996; Frank and Pivo, 1995; Holtzclaw,
1994; Kitamura et al, 1994; Steiner, 1994). Higher density has been associated with reduced trip lengths,
reduced vehicle ownership (by obviating the need to own a vehicle), and increased mode choice options
(Frank and Pivo, 1995).

However, the reliance on density as a measure of urban form is problematic. A review of literature
by Churchman (1999) argues that there is little consensus in the planning literature regarding how
to operationalize density with precision; over which geographic scale to measure the concept; how
to define the goals of densification (e.g,, ecological, transportation, housing, or social goals); how to
weight the importance of objective density numbers versus the subjective experience of density (e.g,,
the psychological experience of crowding); and whether higher or lower density is desirable in the first

place.

Furthermore, there is a concern that density masks other measures that are perhaps more causal in
explaining travel choice. Handy (1996a) argues that “sets of choices”—travel destinations—are correlated

with density and serve to shape travel behavior, rather than density itself. Other studies point out
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that neighborhoods with certain attributes attract individuals who have a preference for walking and
bicycling. According to this view, such persons may simply move to neighborhoods that facilitate these
activities (Kitamura et al, 1994; Krizek, 2000). Regardless, increased compactness and concentration
of uses (density) is a fundamental requirement for shortening distances between activities. However,
density alone does not address the presence of, and ease of access to, complementary uses within a

walkable distance.

Land use mix is the degree to which difference activities (residential, commercial, retail) are located
within close proximity to one another. Research has shown relationships between increased land use
mix and reduced trip lengths (Frank and Pivo, 1995); lower level of per capita auto ownership; increased
transit usage for the journey to work (Cervero, 1988); and more travel choices for all trip purposes
(Apogee, 1998). However, it remains uncertain at what geographic scale mix should be measured and

what an “ideal” combination of land uses would be within differing urban settings.

Collectively, density and mix of uses determine the geographic proximity between activities, whereas
connectivity of the street network determines the directness with which one can travel between activities.

These three factors together help to determine the rationality of walking and cycling as mode choices.

¢) Micro-Scale Urban Design

Pedestrians and cyclists are more sensitive to urban design features of the built environment than the
motorist. Rapoport (1987) believes that the critical determinant of the influence of urban design features
on the traveler is the numbers of noticeable differences on the streetscape, which is a function of the
rate at which a person moves through the built environment. Motorists have a limited ability to process
detail in the environment because speed demands concentration; therefore, the ideal environment for
a motorist is low in complexity. Conversely, pedestrian and bicycle travel, being much slower, affords
the ability to notice differences in the streetscape. A rich pedestrian environment, therefore, is one that
maintains the pedestrian’s visual and sensory attention. Streets that are abrupt, irregular, complex, and
changing will be more highly valued by a pedestrian (Rapoport, 1987). Finally, urban design features
at the neighborhood level, including the placement and design of buildings, parking lots, and other

features in the neighborhood (Owens 1993) also impact the desirability of non-motorized travel.

Streets with ample sidewalks, bike lanes, and crosswalks upon which pedestrians and cyclists can travel
will be perceived as safer to these non-motorized travelers. Their perception of safety is influenced
also by the speed at which automobiles travel along the street itself (Handy, 1996b). Over the last half-
century, road design standards have favored high-speed, motorized travel that discourage promotion of
walking and biking for mobility and recreational purposes (Ewing, 1994; Hess, 1997; Southworth, 1997;
Southworth and Ben-Josef, 1996; Untermann, 1987).
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3. Planning for Health-Promotive Urban Environments

Given the growing awareness of the linkages between land use, physical activity, and public health,
there is considerable motivation for local governments to identify ways in which transportation and
land use decisions and investments can positively influence mobility and accessibility, physical activity,
and quality of life. The concept of a health promotive environment, described above, is one way in
which planners can re-frame their land use and transportation decisions to ensure that physical activity
is promoted in everyday life. In addition, it is important that the promotion of physical activity through
good urban design make it into the policy sphere. One way this could occur is through by requiring
the creation of health impact statements as part of planning or project approval processes. More
generally, planning scholars have an important, and perhaps underestimated, role in crafting a research
agenda that reflects the connections between public health, non-motorized transportation, and the built
environment - so that policy development and plan implementation can be grounded in empirically

based findings on these connections.

a) Emerging Public Health Policy in the King County Comprehensive Plan

King County recognizes physical inactivity and obesity as interrelated and significant public health
concerns. Executive recommendations for revisions to the Comprehensive Plan (King County 2004)
explicitly acknowledge the linkage between low density, auto-oriented development patterns and physical
inactivity. The recommended plan update specifically notes that individuals are more likely to walk to
a destination if it is within half a mile of their location, and cycle to destinations if they are within two
miles. The plan update identifies a number of land use measures that can be used to encourage regular

walking and cycling as physical activity. These proposed measures include:

* Increasing housing density by focusing future growth in the UGA, in order to enable more

efficient transit service and support the location of shops and services near to homes.

*  Providing neighborhoods with safe sidewalks and trails, and increasing street connectivity

and safety for cyclists.

* Encouraging mixed use developments and allowing neighborhood serving shops and

services in residential areas.

*  Developing complete urban centers that promote a sense of safety and are pleasing and

stimulating to walk and cycle through.

In reference to White Center, a major unincorporated activity center in King County and one of the

case study subjects of this research, the recommended plan update proposes the following strategies:
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“Inn the White Center Unincorporated Activity Center, new major residential developments should include low-impact design
features and should promote public health by increasing opportunities for physical activity in daily life. The development should
include: safe walkways and bicycle lanes with access to commercial areas, schools, and community facilities; trails; and pocket

parks.” (King County 2004)

IV. CoNncLUsION

A. Linking Land Use to Action on Climate Change

While there is currently no comprehensive set of policies addressing climate change at the federal or
state level, there is widespread acceptance that the issue is important and requires urgent attention. All
evidence points to transportation as a primary source of anthropogenic GHG emissions, and it is clear
that reductions in vehicle miles traveled, not just improvements in vehicle technology, will be required
to bring about major reductions in these emissions. Fortunately, a forward-looking policy response to

climate change is developing at the regional and county level which reflects this need for action.

The Puget Sound Climate Protection Stakeholders Process is developing a set of measures to reduce
GHG emissions. In its work so far, the Stakeholders Process has drawn a clear link between land use
and travel behaviors such as VMT, and has explicitly acknowledged the need for better planning tools
with which to select measures most effective at reducing emissions. The research results documented
in this report demonstrate important relationships between a range of travel behaviors and land use
patterns that could be used to inform this stakeholder process, to select effective measures for VMT
reduction, to develop planning and modeling tools, and to identify a broader range of ancillary benefits

(such as increased physical activity) associated with various measures.

King County is also moving ahead to take action on climate change, and is currently in the process
of revising its Comprehensive Plan to address climate change issues. Recommended changes to the
plan focus on expansion of transit and TDM programs, and importantly, changes to land use and urban
design which will enable and support use of transit and non-motorized modes. The findings from
LUTAQH will be directly relevant to this process, because they will facilitate the development of policy

guidance that is evidence-based and focused on efficient and effective measures.

B. Clarifying the Influence of Land Use on Public Health

The connection between public health and travel behavior is also increasingly well documented. As
shown in Figure 7, this report argues that the built environment, our transportation systems and public
health form a complex system of matrices and influences. The findings of the research described here
will help to determine which aspects of land use and urban form have the greatest influence on physical
activity. This information will be of use to planners wishing to develop more health-promotive urban

environments.
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Figure 7: Relationship between Health, Transportation, and the Built Environment

King County has taken a leadership role in this area by building explicit links between public health
and land use planning into its policy guidance. Recommended changes to the County’s Comprehensive
Plan include a number of detailed land use policies which aim to increase use of walking and cycling as
daily travel modes. The identification of land use-travel behavior relationships in this research project
will be directly relevant to the implementation of these policies, the specification of requirements for
transit service allocation, and the development of urban environments which encourage and enable

walking and cycling as regular daily activities.

The following chapter of this report will provide a description of the methodology used in identifying
key land use-travel behavior relationships. Later chapters will go on to document these relationships at
the County level, consider their use in land use planning in three case study settings, and discuss their

implications for County-wide land use and transportation policy.
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. OVERVIEW

This chapter outlines the methods used to develop the data used in the LUTAQH analysis. It first
describes the process of data collection and database development for measuring urban form around
the home and work locations of County residents. It further conveys the process by which the travel
behavior and demographics of the residents themselves are linked with this urban form data. Travel
behavior, land use, and urban form variables developed from this database are then defined. Methods
used to model the trips reported by regional residents in the Household Activity Survey and associated
emissions are conveyed. These emissions are estimated for those portions of trips on freeways, arterial
routes and local roads. Finally, methods used to analyze relationships between levels of physical activity

and land use and urban form near the household.

Il. LAND Usg, TRAVEL BEHAVIOR, AND HOUSEHOLD DEMOGRAPHICS

DATABASE DEVELOPMENT

A. Data Sources

The research team developed the transportation and land use databases by synthesizing data from a

variety of sources, including:

*  Parcel level land use data for King County, which includes information on the size, shape

and land use classification of each individual parcel in the county.

* Travel Survey data from the 1999 Puget Sound Household Activity Survey. This survey
provided detailed trip-level data for 6040 households located in King, Pierce, Snohomish
and Kitsap Counties. Of these households, 3259 were located in King County and had
complete and valid records. The survey includes 101,766 trips with information on origin
and destination coordinates, trip purpose, travel mode, reported trip distance, and trip
start and end times. In addition to these attributes, the survey includes unique person and
household identifiers which allow for a link to be established between the travel behaviors
described in that survey and information obtained through associated surveys administered
at the person and household level, such as personal annual income, age, and educational
attainment, household demographics such as vehicle ownership, and street addresses for

residential and employment locations.

*  Physical health data was provided from two sources, the NIH funded Neighborhood Quality
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of Life Study (NQLS) led by Dr. James Sallis and the “Silver Sneakers” survey program led by
the Group Health Cooperative. With physical activity and obesity levels for 16 communities
in King County, the NQLS data represents among the most sophisticated and comprehensive
datasets to date linking the built environment with public health. Approximately 75 persons
in each of 16 communities within the County were surveyed for a full week at two separate
intervals to get an accurate assessment of their levels of physical activity as measured with
an accelerometer. Urban form measures were developed around each participant’s place of
residence using a one kilometer network buffer. Participants were between the ages of 20

and 65. Figure 8 maps the 16 communities included in the NQLS study.
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Figure 8: Sixteen NQLS Communities

Contrasting the NQLS community level data collection is the Silver Sneakers survey, which provides
detailed health and activity data for 2,859 individuals in Washington and Oregon who are members of
group health plans, receive Medicare, and are between 55 and 75 year old. 673 survey respondents were
located in King County and had complete and valid records. The Silver Sneakers survey was conducted

by Group Health Cooperative in conjunction with the University of Washington in 1999.

B. Database Creation

Databases were constructed using a set of steps outlined in the following section. Objective measures

of urban form were developed in a Geographic Information System (GIS) and spatially linked with
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household level travel, demographic, and attitudinal data. This process is described in greater detail in

the following technical discussion.

1. Creating a Master GIS Database

The first step was to create a master GIS database inclusive of parcel level land use data, census
geometry, transportation network information, and other spatial data. Figure 9 provides a visual

description of a set of households in Seattle and the "4 mile “behavior sheds” (buffers) selected
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Figure 9: Integrating Household & GIS Data

The most complex of these databases was the assemblage of the parcel data. For example, after
evaluating the parcel data, the research team discovered that certain land uses, such as apartment
complexes and commercial office parks, were divided into multiple subparcels within the data set, each
containing the attributes of the entire parcel. Due to the potential to overestimate the size of these types
of parcels, these subparcels were dissolved into a single master parcel using GIS. This master parcel
shapefile provided the research team with the ability to accurately determine the size of the parcel, the
number of commercial or residential units located on the parcel, and other attributes associated with

the parcel.

a) Determining the Spatial Location of Survey Households

After identifying households from both the Household Activity Survey and the Silver Sneakers Survey
with locations in King County, the second step in this analysis was to spatially locate the households for

which parcel-level data was available. The Household Activity Survey provided the exact latitudinal and
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longitudinal coordinates of the households, allowing their locations to be quickly plotted in GIS.

The Silver Sneakers Survey, however, provided only household addresses. To locate these households,
the research team used a process known as “address-matching” or “geo-coding” to associate the
households to their correct locations along the street network in the GIS database. While a useful
means for locating households, address matching is often an inexact process. To ensure the locational
accuracy of the Silver Sneakers households, the research team address-matched all households that had
an ArcView match rate of 75 or higher, which included 508 of the 760 households. The remaining 252
households that could not be accurately address-matched were manually located by cross-referencing
household addresses with both the shapefile of the regional road network and standardized commercial
map products of the region, including the 2001 edition of The Thomas Guide. Once the locations of
these households were determined, they were manually plotted in GIS, and the household-level attributes
were associated with the newly-created point. Of these 252 households that did not address-match
in ArcView, 23 households could not be plotted due to inaccurate address information, forcing their
records to be withdrawn from the sample. Ultimately, 737 of the 760 households could be accurately
geo-located, 673 of which had complete and usable records.

b) Identifying Land Use Characteristics Around Survey Households

Determining household locations permitted the matching of household and individual data with
the geographic data (especially land use) that surrounded each household. To do so, it was necessary
to construct an analysis buffer around each household. The purpose of this buffer was to delineate the
geographic area around each data point that was likely to influence the resident’s behavior. For this
project, we sought to capture the land uses that were within a comfortable walking distance, 0.25 miles
(1,320 ft) from each household. To confirm the validity of this distance as a measure of a comfortable
walking distance, we examined the distribution of walk trips from the Puget Sound Activity Survey.
The average walking speed for residents of the Puget Sound area was 2.4 miles per hour, indicating that
the average resident could access most destinations within a quarter mile of their home in roughly 6
minutes, which the researchers concluded was a reasonable expectation. Figure 10 shows average walk

speeds for survey respondents in the Puget Sound Household Activity Survey.
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Figure 10: Walking Speeds for Activity Survey Respondents

On average, participants in the Puget Sound Household Activity Survey walked 2.4 miles an hour.
The quarter-mile network buffers used in this study represent the actual land uses that an individual can

access within a 6-minute walk from their home.

To identify the land parcels accessible within a quarter-mile walking distance from survey households,
the research team created quarter-mile network buffers around each household. Unlike “crow-fly”
buffers, which simply encircle a home location in a quarter-mile radius, network buffers capture the
area reachable within a quarter-mile distance from the home along the actual transportation network.
Figure 11 provides a comparison of crow-fly versus network buffers in connected and disconnected

community environments.
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Figure 11: Buffers in Disconnected and Connected Community Environments

Source: American Journal of Preventive Medicine 2004

Once these buffers were created, an intersect overlay analysis was used to identify all of the parcels
that were located within each of the network buffers. The network buffer assumes the travel time

needed to access a location is the key consideration for inclusion in a buffer. If a parcel fell within the
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buffer area, it was included in the land use database for that household’s buffer, even if only a portion
of the parcel was actually inside the buffer. Researchers assumed that an individual could fully utilize
the benefits of a site if he/she was able to access a portion of the site, because if the attraction is partly
accessible within the specified travel distance, it is likely that the individual will use the entirety of the
attraction, not just the portion included within the buffer. To illustrate this assumption using a real world
example, although only a portion of a grocery store may be located within a quarter mile distance of a
person’s household, the ability to access this store within a given travel distance allows the individual to

utilize the entirety of the store, rather than the portion actually inside the buffer.

c) Classification of Parcel Land Uses within a Buffer

The land use characteristics for the parcels captured in each buffer included the parcel size, gross
building area, rentable building area, and number of building units in each parcel. This information

was aggregated to the household level buffer according to the 26 land use categories listed in Table 1

below.
Mobile Homes Single Family Residential
Single Family
Multi-Family 2-9 Units Multi-Family

Multi-Family 10 or More Units

Office Park Commercial Commercial
Low-Rise Office
High-Rise Office

Misc. Office

Industrial Industrial Industrial
High Tech

Large Retail Large Retail Retail
Neighborhood Retail Small Retail

Misc. Retail

Passive Recreation Passive Recreation Recreation/Entertainment
Art Galleries and Museums

Playgrounds Active Recreation

Public Parks

Health Clubs

Restaurants and Bars Food Sources

Convenience Stores
Grocery Stores
Fast Food Restaurant

Institutional Institutional Institutional

Civic

Agriculture Agriculture Agriculture
Manufacturing Manufacturing Manufacturing
Fine-Scaled Course-Scaled

Table 1: Scales of Analysis

Using the finer-scaled land use categories permits a comprehensive examination of the role that
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individual land uses have on physical activity and travel behavior.

The process of buffer creation was duplicated at various scales for use in analysis of relationships
between vehicle travel and land use and urban form. Buffers were also created around respondent’s
reported employment locations. More detail is provided on these processes under the discussion of
individual mode results in the next chapter. Examples of residential and employment buffers are
provided in Figure 12 for a hypothetical household located on Queen Anne Hill, and a corresponding
employment location in the Seattle CBD.

Land Uses
[ Agriculture

L Il Comm. Food/Restaurant
sicential Buffer, = Il Comm. Large
e Bl Comm. Office

[ ] Comm. Services

[ ] Comm. Small

[ ] Comm. Sports

[ Ent. General
Possible Trip Route [ Ent. Lodging

[ Ind. General

[ Ind. Manufacturing

[ Inst.

[ Misc.

[ ] Open Space

[ Parking

[ Rec. Active
I [ Res. Group Quarters
| ] Res. MF Large
HINEEN [ ] Res. MF Small

I [] Res. Misc.
i T [ Res. SF
[ services

Empl It Buffe !
‘mployment Buffer [ vacant

/\/ Roads

N

Figure 12: Residential & Employment Buffers

Ill. MeasuriNnGg URBAN FORM

A series of land use variables were developed based on known and hypothesized relationships between
urban form, travel behavior, and physical activity. Independent variables of urban form were developed
sequentially. Once basic relationships were identified, more elaborate land use variables were developed
to further define these relationships and to better explain as well as predict the relationships between

land use, travel behavior, and physical activity.

A. Land Use Variables

As described earlier, the parcel data for King County allowed several different land use measures to be

used as independent variables in this preliminary analysis: the number of differentland uses (attractions)
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accessible within a respondent’s household or employment buffers, the total parcel area devoted to

individual land use in the buffers, and the actual rentable building area for each land use in the buffer.

Each of these measures corresponds to a land use dynamic of interest to the practicing planner, and

each captures a different element of land use mixing:

The number of different land uses (individual attractions) captures the total unique destinations
accessible within a household or employment network buffer. More unique attractions
indicate that an area has a more diverse, and potentially more interesting, streetscape. This
measure emphasizes the role that the variety of attractions, such as neighborhood retail, has
on travel behavior. Ignoring the actual size of the uses themselves, this measure assumes that
more unique attractions in a land use category found within a buffer better explains travel
behavior than does the total square footage of the attractions themselves. The downside
of this measure, however, is that it fails to capture the quality of the attractions themselves.
Larger retail stores, for example, can offer a variety and selection of merchandise that would

be unavailable in smaller stores with fewer useable square feet of floor space.

The rentable building area (square footage) of a use indicates the actual density of a particular
use within a buffer area. Using retail space as an example, it assumes that having 100,000
square feet of retail floor space within the household’s buffer area is a better predictor of
travel behavior than having 50,000 square feet. The measure does not, however, capture the
effects of fine-grained development patterns. For example, assuming two neighborhoods
have 50,000 square feet of retail space, one with the uses broken up into multiple small
shops that comprise a downtown core area, and the second with a single, larger retail store,
the measure treats the retail uses equally, disregarding the physical configuration. Part of this
deficiency in the measure was overcome by separating retail uses into “large retail,” which
are retail uses with 100,000 square feet or more of floor space, and “neighborhood” retail,

which has less than 100,000 square feet of floor space.

The total parcel area measures the total parcel area committed to particular uses, and gives a
sense of gross area devoted to uses in a buffer, independent of the number of uses or the
rentable floor space of those uses. This measure is somewhat equivalent to a description of
conventional zoning by use, and while it may be useful in explaining the role that zoning has
on travel behavior, the measure captures neither the diversity of land uses nor their density

within a buffer.

As described in Figure 13, these three ways that land use can be measured provide complementary

perspectives on land use dynamics in neighborhoods.
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Figure 13: Land Use Triangle

However, while each of these ways in which land use can be measured provides useful information,
none is expected to provide a complete picture of the effect of land uses on travel behavior, and
some may be more useful for explaining particular types of travel behavior than others. For example,
the number of commercial or retail destinations within a community was found to be more closely
associated with pedestrian travel than with other modes. Conversely, the amount, or square footage,
of commercial and retail use was a better predictor of transit ridership, which makes sense because this
is a closer correlate of the critical mass of development and number of potential transit riders within
a given corridor. Also fundamental to measuring mixed use is the way in which different uses are co-
located in space, and how well the uses complement each other. Considerable research has gone into
this topic to date - however, no conclusion has been reached as to what constitutes an optimal level of
mix. The concept of an optimal mix of uses depends upon the purpose of travel, the travel mode being
assessed, and the scale at which mix is being measured. What is most unique about this study is its ability
to assess discrete associations between measures of travel behavior and physical activity and measures

on each side of the land use triangle.

Table 2 summarizes the distribution of land uses in King County by the number of parcels by land
use, the useable square footage in each land use type, and the total acreage in each land use type. Single-
family residential is the dominant land use type in King County, both in terms of number of parcels as
well as total acreage.

Land Use Distribution

Leasable Square

Number of Parcels Footage Total Acreage
Single Family 79.1% 47.0% 50.1%
Multi-Family 8.5% 22.6% 7.6%
Vacant 6.4% N/A 15.4%
Retail 1.6% 6.2% 2.9%
Entertainment 0.6% 3.3% 0.9%
Recreation 0.2% N/A 6.4%
Office 1.0% 10.7% 1.8%
Industrial 1.1% N/A 5.3%
Institutional 0.6% 6.7% 3.0%
Educational 0.2% 3.6% 5.4%
Open Space 0.0% N/A 0.1%
Misc. 0.8% N/A 1.2%

Table 2: Land Use Distribution
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1. Density Variables

In addition to the land use information for the individual parcels defined in the database, the following
independent variables for residential, employment, and street network density (connectivity) were

developed:

a) Gross Residential Density

Gross residential density measures the total number of residential units in the buffer area. However,
while useful for understanding the total number of dwelling units in a given area, gross residential
density fails to account for true residential densities in areas where there are multiple land uses. Gross

Residential Density is defined in Equation 4-1 as:

Gross Residential Density = DUtot/ Actebuff (4-1)
Where: DUtot = the total number of dwelling units in the buffer

A(:rebuff = the number of acres in the buffer

b) Net Residential Density

Net residential density provides a measure of the total number of residential units incorporated in
areas designated as residential. As such, it provides an “apples-to-apples” measure of the residential
density in a given network buffer and is defined in Equation 4-2 as:

Net Residential Density = DU_ /Acre (4-2)

S

Where: DU = the total number of dwelling units in the buffer.

Acrem = the number of residential acres in the buffer.

¢) Net Employment Density

Employment density is a very important predictor of transit use and travel behavior in general. This
measure of density characterizes the degree of compactness of employment centers within the Central
Puget Sound Region. Net employment density was developed through the application of Employment
Security Data provided from the Puget Sound Regional Council. Employment Security Data provides the
number of jobs per reported employment site, and was aggregated to the Traffic Analysis Zone (TAZ)
by job type by the PSRC. Parcel level land use data described above was used to measure corresponding

land areas within a TAZ' with a given category of employment. For example, the number of retail
1 TAZs largely correspond with Census Tracts, except in urban centers where they are broken into smaller units of
geography.
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jobs was divided by the land area in retail use, resulting in a ratio of jobs to land area for specific types
of employment. Ultimately, the total number of jobs divided by the total area within a zone that is in
commercial or non-residential use was used to characterize the level of employment density of a given

zone as defined in equation 4-3 below.

Net Employment Density = Jobs_ / Acre (4-3)
Where: Job = the total number of jobs in a given TAZ.

Acte = the number of employment acres in the TAZ

d) Intersection Density

Intersection density is a measure of network connectivity. Increasing the number of intersections in
an area provides travelers with more route options as well as the ability to select routes that minimize
overall trip distance. Thus, higher intersection densities correspond to increased destination accessibility
- the more intersections in a given land area, the greater the number of attractions that can be accessed
within a specified distance. Figure 14 conveys the location of the true intersections (with 3 or more

legs) around survey households.
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Figure 14: Locating Intersections

The number of intersections in the buffer was divided by the total number of kilometers within the

network buffer, as defined in Equation 4-4.
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Intersection Density = Int_ /KM, (4-4)

Where: Inttot = the total number of intersections in the buffer.

KMbuff = the number of kilometers in the buffer.

Once urban form variables were constructed, the research team ran a series of statistical tests to

determine their relationship with the four key measures of household travel behavior: percentage of

household walk trips, percentage of household transit trips, VMT, and VHT.

e) Mixed Use

The mixed-use factor takes into account the number of different land uses among six categories

(education, entertainment, single family residential, multi-family residential, retail and office) as well as

their relative amounts, in terms of building floor areas to total buffer land area. Building floor area data,

by use type, from the parcel level land use database were aggregated to the one kilometer buffer level. A

greater mixed use value means more even distribution of the relative amount of floor area for the land

uses present. The formula that was used is:

Land use mix = A/(In(N))

where:

A = (b,/2)*In(b,/a) + (b,/2)*In(b,/a) + (b,/2)*In(b,/a) + (b,/a)*In(b,/a) + (b,/
a)*In(b,/a) + (b /a)*In(b,/a)

where:

a = total square feet of land for all six land uses present in buffer

b, = square ft.
b, = square ft.

7o T o T
Il

, = square ft.
, = square ft.
. = square ft.
, = square ft.
number of 6 land uses with FAR > 0

of building floor area in education uses

of building floor area in entertainment uses

of building floor area in single family residential uses
of building floor area in multifamily residential uses
of building floor area in retail uses

of building floor area in office uses

IV. MEASURING TRAVEL BEHAVIOR

A. Regional Household Travel Survey Methodology

The Puget Sound 1999 Household Travel Survey reported an accuracy rate of £ 1.3 percentat the 95

percent confidence interval, based on the final random sample size of 6000 households across the four
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counties. It obtained a 30 percent response rate, which is comparable to other similar household travel
surveys.> The survey used a probability sampling method, with sampling targets based on household
size and vehicle ownership, which enabled it to overcome non-response bias in large households and
households with no vehicles, two subgroups that historically have had high non-response rates in similar

surveys.

The Household Travel Survey sample showed similar distributions to the 1990 census for household
size and vehicle ownership. However, the sample under-represented low-income households and over-
represented high-income households, compared to the census. It also under-represented apartment
dwellers, and over-represented those who dwell in single-family homes. Under-representation of low-
income segments of the population is a problem common to many surveys explained by increased

difficulties in recruiting lower socio-economic status (SES) households.

1. Demographic Profile of the Sample and Comparison to Regional
Population

As shown in Table 3 below, Travel Survey respondents were more likely to be White than the population
of the four county region as a whole (92 % vs. 82%), live in slightly smaller households (2.4 vs. 3.1
persons per household), were slightly more likely to be female, and had a higher median age. When
compared against their proportions in the 2000 Census, populations classified as Black or Asian were

under-represented in the Travel Survey.

Demographic Characteristics

Activity Survey 2000 Census
Average Household Size 2.4 3.1
Percentage White 92% 82%
Female 52% 50%
Median Respondent Age 40 5

Ethnic Makeup of Survey and Region

Native

White Black Asian American Other
Activity Survey 92.3% 2.0% 3.8% 1.1% 0.8%
2000 Census 82.2% 5.1% 9.1% 1.2% 2.4%

Source: Activity Survey Data and 2000 U.S. Census

Table 3: Comparison of sample to the 2000 Census

Differences in ethnic distribution between the sample and census population may be related to
income-response biases and language barriers in the survey process as noted above. Further details
on the methodology of the Puget Sound Household Travel Survey can be found in that study’s final
report.® A brief description of the survey sample age, income and vehicle ownership distribution are

2 The response rate was calculated as a product of the recruitment rate (46%) multiplied by the completion rate (67%).
3 Puget Sound Regional Council. 1999 Puget Sound Household Regional Travel Survey. Draft Final Report (December
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provided in Figure 15 through Figure 17 respectively.

85+
80-84
75-79
70-74
65-69
60-64
55-59
50-54
45-49
40-44
35-39
30-34
25-29
20-24
15-19
10-14

Age Groups

Age Pyramid of Activity Survey Respondents

Females

800

600 400 200 0 200 400 600 800
Population

Figure 15: Age Pyramid of Survey Respondents
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1998 Household Income of Survey Respondents
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$14,999 $24,999 $34,999 $44,999 $54,999 $74,999

Household Income

Figure 16: Household Income of Survey Respondents

1999) NuStats Research and Consulting,
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Automobile and Bicycle Ownership Patterns
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Figure 17: Automobile and Bicycle Ownership Patterns

The majority of survey households fall into the largest income category. The typical survey household

owns 1.9 automobiles and 1.6 bicycles, and has a household income over $§75,000.

B. Travel Profile

Figures 18 through 21 provide descriptive information on the travel behavior for King County
residents who responded to the Puget Sound Household Travel Survey.

Work

T77%
Pick Up/Drop Off

Work-Related

Social/Rec.

Eat Out

5.7% T8-3%

Personal Business

T 1%

Figure 18: Trip Purposes

Work trips accounted for only 18% of the total trips made by King County households, consistent
with the findings of the Nationwide Household Travel Survey (NHTS). Non-work trips are shorter in
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distance and time and occur closer to where we live and work. This suggests that land use mix around
places of residence and employment could have a significant impact on modal choice for shorter non-

work trips.

King County Activity Survey Trips, By Mode

Multiple-Occupant
Vehicle
38.3%

Boat/Ferry Pedestrian
0.3% Bicycle 6.4%

1.1%

Figure 19: Mode Shares

Single-occupant vehicles are the single largest travel mode, followed closely by multi-occupant vehicle

trips, including passenger trips, carpools and vanpools.
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Figure 20: Household Vehicle Miles of Travel (household, daily average, estimated)
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The average household generated 63 vehicle miles of travel per household, per day, based on estimated

travel distances.
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Figure 21: Household Vehicle Hours of Travel, (daily average, estimated)

The average household generated two hours of vehicle travel! on an average day, based on estimated travel
times.

V. MeasuURING HEALTH AND URBAN FORM RELATIONSHIPS

Two surveys noted above provided significant information on attributes of public health, including
measures of physical activity, weight, and health status. Observations drawn from the Neighborhood
Quality of Life (NQLS) and the Silver Sneakers (SS) studies were geocoded, and using the methods
outlined in previous sections, buffers were developed around these households and land use and
transportation network measures were calculated. A ‘network to crow fly’ ratio was used to measure the
directness of the street network in the household buffer, in order to calculate how easily activities within
the community can be accessed from the household. A “gridiron” street network pattern will provide
access to a larger area of the surrounding community than a system of cul-de-sacs and collectors, and

should increase the likelithood that services and other destinations are within walking distance of a
household

4 Vehicle travel does not include travel by the following modes provided by survey participants walking, bicycle, ferry, other,
don’t know.
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The 16 NQLS communities were selected based on their level of walkability and income as
shown in Figure 8 (p. 58). Four communities were selected within each of four walkability and income
quadrants. For example, Queen Anne is a high walkability and high income community, whereas
Sammamish is low walkability and high income community. Seventy-five participants between ages
20 and 65 were recruited from each community. The basic descriptive characteristics of the NQLS
participants shown below in Figures 22-28 are provided courtesy of the NQLS Team as presented by
Kelli Glass, NQLS Project Manager, in a peer-reviewed panel at the Society of Behavioral Medicine
Conference, March 2004.

A. Socio Demographic Data

The four high walkability and high income (socioeconomic status, or SES) communities reported the

highest percentage of White and educational attainment, as shown in Figure 22 and Figure 23.

Percent White
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High Low High

Figure 22: NQLS Ethnicity (W = Walkability)

Source: NQLS
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Figure 23: NQLS Educational Attainment (W=Walkability)

Source: NQLS
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B. Self Reported Physical Activity and Urban Form

Figure 24 shows that walkability, an index measure of land use mix, density, street connectivity,
and floor area ratio of retail, is associated with more walking for transport within both lower and
higher SES communities.

Walkability: F=9.73 p=.002 **
Income: F=8.36 p=.004 **
Walkability x Income: F=.793 p=.374

Total minutes in last 7

Low W Low W High W
Low High Low

Figure 24: NQLS Self Reported Minutes of Walking for Transport (W=Walkability) Source: NQLS

Walkability: F=.080 p=.778
Income: F=.005 p=.946
Walkability x Income: F=.024 p=.876
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Figure 25: NQLS Self Reported Walking (W=Walkability) Source: NQLS

Figure 25 shows that respondents from the lower SES communities reported that they walk more

than high SES communities, regardless of each community’s level of walkability.

C. Objectively Measured Physical Activity and Urban Form

Higher walkability was associated with slightly increased moderate and vigorous physical activity for

higher but not lower SES communities, as shown in Figure 26 and Figure 27 below.
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Walkability: F=3.58 p=.059
Income: F=39 p=.844
Walkability x Income: F=5.89 p=.015 *

Total minutes per day

Low W
High

Figure 26: NQLS Objectively Moderate + Vigorous Activity (W=Walkability) Source: NQLS

Walkability: F=4.71 p=.030 *
Income: F=1.1 p=.295
Walkability x Income: F=3.18 p=.075

High W High W
Low High

Figure 27: NQLS Percent Meeting 30 minutes of Moderate Activity (W=Walkability)

Source: NQLS

Increased walkability was associated with increased proportion of participants who meet the recommended
30 minutes of moderate activity per day. As shown in Figure 28 below, Body Mass Index (BMI) is lower in
the more walkable communities for both high and low SES.  BMI is higher in the lower SES communities and

reaches an alarming mean of 27.5.
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Walkability: F=3.64 p=.057
Income: F=10.94 p=.001 **
Walkability x Income: p=.561
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LUTAQH also analyzed data from the Silver Sneakers Survey conducted by Group Health Cooperative.
Participants in this survey were all over the age of 65, Medicaid recipients, and members of the Group
Health Cooperative. There are 617 valid Silver Sneaker participants within King County in the Silver
Sneakers database. Forty eight percent had an income under $30,000 per year and 61 percent were

female. Information on the analysis of the Silver Sneakers database is provided in Chapter IV.

VI. MEeasurING VEHICLE EmMissioNs oF GHGs AND CRITERIA AIR

CONTAMINANTS

Criteria air contaminant (CAC) analysis focused on volatile organic compounds (VOC) and oxides
of nitrogen (NO,) emissions (the primary precursors of ground level ozone) and carbon monoxide
(CO) emissions because the Seattle-Tacoma area has been designated an ozone and carbon monoxide
attainment area by the EPA. The Central Puget Sound Region is a maintenance area for ozone. More
recently, the Central Puget Sound Region was also designated as an attainment area for particulate matter
(PM-10 micron) (designated May 14, 2001). This research does not address PM-10 micron, however,
future research should consider the role of urban form and travel and their impact on particulate matter,

and perhaps most specifically, on the formation of harmful 2.5 micron particulate matter.

The 1999 Puget Sound Regional Household Activity Survey includes 101,766 trips with origin and
destination coordinates, a trip purpose, travel mode, reported trip distance, and trip start and end
times. Following the calculation of greenhouse gas (GHG) and CAC emissions for each trip, analyses
were performed to identify relationships between total trip and sub-trip characteristics and pollutant
concentrations. Additionally, trip emissions were summed for each person’s and household’s two days

of travel, and the relationship of these aggregate emissions to land uses and the urban form in household
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and employment buffers were identified. A brief outline of the key methods and assumptions used to
calculate GHG and CAC emissions is provided here. All calculations were conducted using the most
current US Environmental Protection Agency (EPA) emissions modelling software, MOBILE 6.2, as
well as the Puget Sound Regional Travel Demand Forecasting Model based upon EMME /2.

A. Trip Path Calculation Process used in GHG & CAC Emissions Estimation

Trip attributes reported in the Activity Survey included the travel mode, trip origin and destination,
trip start and end time, and estimated distance traveled. Since actual trip paths were not recorded in
the Household Activity Survey, trip speed and distance by facility type were estimated in a Geographic
Information Systems (GIS) environment. In order to create the sub-trip characteristics, trips reported in
the 1999 Household Activity Survey were converted to trip files with origin and destination coordinates.

The loaded Puget Sound Travel Demand Forecasting Model was used in this process as follows:

1. The distance from the origin to the closest point on the regional road network was determined

and stored;

2. The distance from the destination to the closest point on the road network was determined and

stored;

3. These two estimated distances were used to approximate the proportion of local road travel in

the total trip;

4. The shortest trip time path was estimated from the origin to the destination using link travel

times (AM Peak, PM Peak, or Off-Peak, as determined by the reported trip start time);
5.  The traversed links were stored along with the road facility type and estimated average speed.

This process was repeated for the 101,766 trips in the four county Household Activity Survey database.
Figure 29 graphically depicts the sequencing of consecutive trips links to estimate a trip path for a trip

reported in the survey.

Successful estimation of the trip paths in the regional travel model required two main assumptions.
First, the estimated path represents the shortest travel time path for the estimated congestion conditions
represented in the loaded model network. The actual travel path followed by the survey respondent may
be quite different. This may not be as important as it at first seems, because the purpose of the network
algorithm used in the travel model was to identify the proportions of trips that occur on arterials and
freeways, and their associated speeds based on the time of day in which the trip occurred. While the
respondent’s reported time is a better indicator of the actual travel time than the estimated path time,

the path estimated by the model is representative of speeds by facility type.
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Figure 29: Illustration of the Sequencing of Consecutive Trips

Source: Frank et al 2003b

The second assumption concerns the way in which distances and speeds were calculated for travel on
local roads. Since local roads are not represented in the Travel Demand Forecasting model networks,
Euclidean distances at an average speed of 15 mph were used. It is reasonable to assume that local
road travel is slightly faster than 15 mph, and in fact Mobile 6.2 assumes that local road travel is closer
to an average of 22 mph. The slower speed used in this application is designed to account for the
fact that the local road path is not as direct as Euclidean travel. Figure 30 illustrates the way in which
household emissions are calculated for each segment of the trip characterized by a change in facility

type or speed.
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Figure 30: Calculations for Household Emissions According to Facility Type or Speed

(1) Modal Adjustments Based On Special Conditions
(@) Auto and Light Truck

Vehicle occupancy is an important consideration in analysis of emissions by all modes. For light duty
automobiles, vehicle occupancy was calculated based upon trip attributes reported in the Household

Activity Survey, including:
*  Number of household members on the trip;
*  Unique identifiers for the particular household members on the trip; and
*  Total number of persons (household and non-household) on the trip.

For automobile and light duty truck trips, the emissions for each trip were assigned to the survey
respondent (driver or passenger) in terms of their vehicle occupancy percentage based on the number
of persons on the trip. Thus, the trip emissions were divided by vehicle occupancy to calculate the

per person trip emissions. For example, if a carpool trip consists of two household members, person
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“A” and person “B,” in which person “A” takes person “B” to work and then continues on to his / her
employment site, person “A” would be assigned 50% of the trip emissions. Similarly, person “B” would

be assigned the other 50% of the trip’s emissions.

If the carpool consists of three persons, “A,” “B,” and “C,” in which “A” and “B” are members of
the same household and “C” is neither a household member nor a survey participant, persons “A” and
“B” would each be assigned 33% of the trip emissions. The non-survey respondent’s (person “C”)
portion of emissions would not be included in the analysis as these emissions skew the trip level vehicle

emissions and cannot be traced to an origin residence or employment destination.

Subtracting the number of household member person identifiers recorded for the trip from the total
reported number of household members on the trip helped identify if children who were household
members but not survey participants were along for the ride. (A child under the age of ten would not
have a person identifier but would be included in the total number of household members on the trip.)
If children under age ten were present, their number was subtracted from the total reported household

members in the vehicle for calculating of vehicle occupancy.
(b) Bus

Bus trips include school bus and transit trips. Accurate calculation of emissions for these trips suffers
from assumptions of occupancy and static speed. Occupancy rates for school and transit buses were
assumed to be 20 persons in off-peak conditions and 50 during peak periods. Emissions for bus trips
were estimated using the portion of the trip that occurred on the bus, divided by the occupancy rate.
For the calculation of these emissions, it was assumed that any local road travel occurred outside of the

bus. In other words, bus trips were assumed only to take place on arterial and freeway trip links.
(c) Motorcycle/Moped

Motorcycles were modeled exactly like light-duty automobiles. Using Mobile 6.2, the ratio of the
average gram / mile emissions rates for motorcycles as compared with the average light duty auto was
used to create a 60 percent factor for the calculation of motorcycle emissions. It was also assumed that

motorcycle trips had an occupancy rate of one driver.
(d) Non-motorized
Walk and bicycle modes were assigned zero emissions.
(e) Carpool

Carpools were assumed to have an average occupancy rate of 2.2.
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(f) Vanpool

Vanpools were assumed to have an occupancy rate of 7 persons per van. Trip emissions were factored

by these rates to reflect the per person trip emissions.
(g) Taxi/Limousine

Emissions created by taxi and limousine trips were increased by 50% to account for the extra distance
required for pickup and return. Vehicle occupancy was calculated in the same manner as other light

duty automobiles.
(h) Trips with an External End

Trips that have one or both ends outside of the model road network area, but had both origin and
destination located within Washington State, were handled in a separate manner. If the trip was 5
minutes or shorter, it was assumed that the person traveled on local roads only. For trips less than 15
minutes, ten minutes of travel were assigned to arterials and five minutes to local roads. Any portion
of a trip outside the study area and greater than 15 minutes in duration was assigned to freeway travel.

These factors were defined from brief analysis of long trips within the study area.

B. Special Considerations in the Estimation of GHG Emissions

In order to estimate GHG emissions associated with trips reported for King County households in
the survey, it was necessary to develop a methodology to break trips into their sub-component parts.
The approach used expands upon existing techniques by creating an estimated trip path in a Geographic
Information Systems (GIS) environment based on the regional travel demand model road network.
The estimated trip path was delineated into sub-components, according to time and distance traveled
on different road facility types, in order to allow for the detailed calculation of emission rates based on
the type of road and peak or off-peak travel speed. This refinement of trip level emissions modeling
is a significant advancement, because it means that trips reported to have the same travel time in the
household activity survey can be modeled differently to reflect their actual trip characteristics. Typically,
in trip emissions modeling an average speed is applied for the duration of the trip in order to calculate
emissions; however, it is reasonable to assume that the same reported travel time for two different trips
could result in very different levels of emissions, depending on the road used during the trip path — for
example where one is a shorter distance trip traveling at slower speeds on congested arterials, and the

other is a longer distance trip traveling at higher speeds on a freeway.

1. Calculation of GHG Emission Rates for CO,, N0, and CH,.

After the regional travel model recorded the sub-trip characteristics, including the distance and speed
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for each facility type traversed, carbon dioxide (CO,), nitrous oxide (N,O), and methane (CH,) emission
factors were applied to freeway and arterial travel for each mode based on the distance traveled to
calculate trip level GHG emissions. The distance traveled on local roads was added to the distance
traveled on arterial roads since CO, rates do not currently exist for local road travel. These values
were summed to produce total trip emissions for each of the three GHGs. Trip duration and distance

traveled on freeway, arterial, and local roads were also calculated for each trip.

C. Special Considerations in the Calculation of CAC’s

As with the calculation of GHG emissions, trip level Criteria Air Contaminant (CAC) emissions were
calculated by first estimating emissions for individual trip links, then summing these emissions for the
entire trip path. However, in the case of CACs, the approach included the separate modeling of engine

start emissions and running exhaust emissions.

The general process of analysis is shown in Figure 31. Household Activity Travel Survey data, Puget
Sound programmatic and atmospheric variables, and the Puget Sound loaded travel demand forecasted
model were used as inputs into the process. These elements were first used to estimate a trip path for
each of the trips in the survey, as well as pre-trip engine soak time, based on the reported interval between
vehicle trips. Next, emissions were estimated for individual trip links, which were then aggregated to the
trip, person, and household levels. Assumptions and treatment of special cases are described in more

detail in the text below.

Puget Sound EMME2 Puget Sound HHTS Puget Sound Variables
Loaded Network (I&M, ambient temp, etc.)
ESTIMATE ACTIVTY DATA

- Estimate soak time
- Estimate shortest time path

ESTIMATE EMISSIONS
- Estimate Engine Start Emission
- Estimate Running Exhaust Emissions

EVALUATE SPECIAL CASES
- Zero-emission travel modes
- Transit trips
- External trip ends

HHTS Trip Data with
Estimated Emissions and
Facility Distribution

Figure 31: Process of Calculating CAC’s

Source: Frank et al 2003b
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1. Trip Activity and Emissions Estimation

Trip activity refers to the mode, path, speed and travel time for the reported trip. Information
reported in the household activity survey was used as much as possible to define the emission-specific

characteristics of the trip.

a) Engine Start Activity (Soak Time)

The amount of time that a vehicle is at rest with the engine off — its soak time -- is an important
factor in estimating the extent of elevated emissions that occur during the beginning of a trip. A vehicle
that has cooled off significantly will require a longer period of time before its engine temperature
reaches a point when on-board emissions control equipment can operate efficiently. Shorter engine-
off periods (warm starts) do not require as much time to reach an efficient level of emissions control.
Estimating the amount of soak time is simply a matter of determining the amount of time between
trips. MOBILE 6.2 allows for 70 different ranges of engine soak time (e.g,, 1-2 minutes, 30-35 minutes)
to be used in calculating emissions in the period of a trip before the engine has warmed up sufficiently

to control emissions at top efficiency.’

b) Running Exhaust Activity

Running exhaust activity refers to that portion of a vehicle trip when hot-stabilized emissions are
produced. MOBILE 6.2 allows users to separately calculate emissions for different road facility types
(local, arterial, ramp, and freeway) at five mile per hour speed increments, a useful feature given that
driving characteristics (especially acceleration rates) vary sufficiently enough amongst the different
facility types to warrant different baseline emission rates (for example, a vehicle traveling at an average
speed of 45 on an arterial will produce a different emissions profile than a vehicle traveling at an average
speed of 45 on a freeway). This capability can help to evaluate the differences in trip emissions for two
different trips that have similar travel times but different travel distances. In addition, this also enables
us to assess differences in emissions based on the proportion of trip by facility type while accounting for
facility performance or “congested flows.” Further details on the modeling of hot-stabilized emissions

can be found in the CAC background report.

Emission factors estimated using MOBILE 6.2 were applied to the separately calculated trip path
components and then summed in order to generate grams of CO, VOC, NOx, and CO, for each unique

trip.

5 Note that CO, is not elevated during engine start conditions and does not vary significantly by soak time.

20



Chapter il

2. Methodological Assumptions about CAC Emissions Estimation

In both engine starts and running exhaust emissions modeling, assumptions were made regarding the
operating conditions and the vehicle age. The model was run assuming that the trips were conducted in
July 1999, that an inspection and maintenance program was being conducted using an IM240 test for odd

model year vehicles, and that a default national model year distribution represents Seattle distributions.

3. Mode Specific Emissions Adjustments

a) Buses

No engine start emissions were assigned to the individual trips. Bus trips also assumed that any
estimated local road travel occurred outside of the bus during a trip chain; bus trips, therefore, only

included arterial and freeway trip links.

b) Motorcycles

Motorcycles were modeled exactly like light-duty automobiles except that separate emission factor

lookup tables were generated and used.

VIl. ConcLusION

The methods used in this study represent one of the first times that multiple measures of fine grained,
parcel level land use has been linked together with detailed physical activity and trip diary data for
analysis of land use — travel behavior relationships. In addition, the GHG and CAC emissions methods
allow for the detailed modeling of trip emissions at the network link level, allowing for detailed analysis
of the relationship between household emissions and land uses near to home and work locations. These
methods allow for analysis of these relationships at a unique level of detail, and as the discussion of
regional level travel behavior — land use relationships in the following chapter will show, they enable the
development of predictive models which will be of value to planners wishing to ground their land use

and transportation policy guidance in empirical evidence.
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CHAPTER IV: RELATIONSHIPS BETWEEN URBAN
Form, AcTiviTy PATTERNS, AIR QUALITY, AND
HeALTH—REGIONAL ASSESSMENT

I. OVERVIEW

This chapter presents a broad array of research linking urban form with behavioral outcomes, and
extends these linkages to air quality, greenhouse gas formation, and human health. It builds upon
the policy framework presented in Chapter I, emerging issues presented in Chapter II, and database
development approaches documented in Chapter III. The research presented in this chapter is unique,
both in terms of the level of detail provided about specific findings and the breadth of issues that are
covered. Research is presented on urban form relationships with walking, transit, vehicle use, vehicle

emissions, greenhouse gas formation, and physical activity.

Il. WALKING

This study seeks to measure the effects of land use patterns at the household location on walking trip
rates, for a better understanding of how changes in land use configurations around household locations
can be used to encourage travelers to switch from private automobiles and other modes to walking, The
potential to change travel patterns in King County is enormous — 42 percent of trips in the county are
three miles or less, mostly distances easily traveled on foot or bicycle. Yet of the 16 percent of trips that

are less than one mile, 43 percent are currently made by automobile drivers.

A. Walker Characteristics and Walking Trip Purposes

Data from the Puget Sound Household Activity survey was used to evaluate the relationships between
urban form and walking for both recreational and utilitarian purposes. In a sample of 7,548 respondents
slightly more than 10 percent (842 respondents) reported at least one walking trip in the two-day period.
Among all respondents, 2.5 percent reported walking to work, and 9 percent reported walking as their
mode of choice for travel to school. Overall, 4.5 percent of all trips reported by King County residents

were on foot. Trip purposes are described in Table 4.
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Trip Purpose Percent of
Trips

Social/recreational 19.5
To work 18.0
To school (K-12) and daycare 17.0
Incidental shopping (errands) 10.3
Accessing services 9.9
Personal business 9.7
Pick-up/drop-off from school 6.0
Other purposes* 9.4

Table 4: Walking Trip Purposes
Trips classified as home and change mode have been Excluded

(* Other contains all purposes that individually account for less than 5 percent of total walk trips)

Very low walk rates are reported. Similar to the recently collected Atlanta based SMARTRAQ) survey,
over 90 percent of participants reported no walking at all. However, every trip begins on foot, and walk
trips are, no doubt, under-reported in the survey. The walk trips that were reported were somewhat
evenly distributed across purpose. Six different purposes had at least 9 percent of the reported walk
trips. Walking is reported as both a recreational and a utilitarian activity -- to accomplish goals such as
travelling to work and to school and for completing everyday personal activities. Cleatly, for a subset of

respondents walking is an important travel mode for accomplishing daily activities.

Compared to all respondents from the King County travel survey, frequent walkers' are more evenly
distributed across gender, but are representative of the larger survey’s ethnic distribution (see Table 5
and Table 6 below). A larger percentage of walkers in the survey have less than or only a high school
education (see Table 7) which corresponds to a higher proportion of youth who walk to school in the
“frequent walker” sub-set. However, higher educational attainment was also found to be associated
with increased walking, indicating somewhat of a bi-modal distribution — walkers are either young or
older and perhaps more educated (see Table 8). A similar difference is seen between the frequent walker
subset and the regional sample on age (see Table 9 and Table 10). Eliminating people reporting travel
to school increases the median age for the frequent walker sample to 42, and the regional sample to 40.
The fact that frequent walkers are younger on average than King County survey respondents in general
(not including those walking to school) is not surprising given that younger people are generally more
active than older. Income distribution, the number of household vehicles and household size are quite

similar to regional averages (see Table 11 through Table 13).

Gender King County Walkers Walker Difference
Male 48% 50% +2%
Female 51% 50% -1%

Table 5: Gender of Frequent Walkers Compared with King County Survey Respondents

1 This study defines frequent walkers as those who take more than 2 walking trips per day (n= 349).
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Ethnicity King County Walkers Walker Difference
White/Non-Hispanic 93% 92% -1%
Hispanic/Latino 2% 1% -1%
African American 1% 2% +1%
Asian/Pacific Islander 3% 3% 0%
Native American 1% 1% 0%
Other 1% 1% 0%

Table 6: Ethnicity of Frequent Walkers Compared with King County Survey Respondents

Educational Attainment King County Walkers Walker Difference
Less than High School 25% 43% +18%
High School 16% 1% -5%
Some College 19% 11% -8%
Technical/Vocational 4% 2% -2%
Undergraduate/Bachelors 21% 19% -2%
Graduate/Post-Graduate 15% 14% -1%

Table 7: Educational Attainment of All Frequent Walkers Compared with King County Survey

Respondents
Education Not in K-12 King County Walkers Walker Difference
Less than High School 7% 8% +1%
High School 20% 18% -2%
Some College 23% 17% -6%
Technical/Vocational 4% 3% -1%
Undergraduate/Bachelors 26% 31% +5%
Graduate/Post-Graduate 19% 24% +5%

Table 8: Educational Attainment of Frequent Walkers not in K-12 Compared with King County

Survey Respondents

Age —whole sample King County Walkers Walker Difference
Mean Age 38.5 29.1 -9.4
Std. Dev 21.7 20.4 -1.3

Table 9: Age of All Frequent Walkers Compared to King County Residents

Table 10:

Table 11:

Age — not in K-12 King County Walkers Walker Difference

Mean Age 46.3 41.9 -4.4

Std. Dev 18.1 17.5 -0.6

Age of Frequent Walkers out of School Compared to King County Residents

Household Income King County Walkers Walker Difference

Less than $10,000 1% 2% +1%

$10,000 to $14,999 1% 1% 0%

$15,000 to $24,999 5% 5% 0%

$25,000 to $34,999 7% 5% -2%

$35,000 to $44,999 14% 13% -1%

$45,000 to $54,999 15% 16% +1%

$55,000 to $74,999 24% 26% +2%

$75,000 and Greater 33% 32% -1%

Household Income of Frequent Walkers Compared with King County Survey
Respondents

Household Vehicles King County Walkers Walker Difference

Mean Vehicles 21 22 +0.1

Std. Dev 1.1 1.0 -0.1

Table 12: Household Vehicles of Frequent Walkers Compared to King County Residents
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Household Size King County Walkers Walker Difference
Mean Size 3 3 0.0
Std. Dev 14 1.3 -0.1

Table 13: Household Size of Frequent Walkers Compared to King County Residents

These results indicate that, outside of age and education differences, frequent walkers are quite similar
to regional respondents in general. The next section of the study seeks to determine if land use near

the household can help to further explain differences in household walking trip rates.
B. Correlation Results

1. Walking and Land Uses

Preliminary correlations were developed between walk trips and each of the three measures forindividual
land uses — number of attractions (uses), rentable building area and total parcel area — to identify which
measure was best correlated with walking trips. Table 14 shows the Pearson’s R coetficients, along with
their statistical significance (P value) in parentheses, for the correlation of the three measures of each

land use with walking, when controlling for household size and income.

Land Use Type Mumber of Attractions eniah ke Buildine A pial Parcel Ares
ke 02503 [P=0 o0 Q025 [P=0.000] Qo738 [P=00148)
Comvenience Stors 0116 [P=0.000] 01031 [P=0.000] 0.0303 [P=0.110]
Doctor-Dentist Ofices 01485 [F=0000] QRS [F=0.000] 00849 [F=0 001
Eduncational 02706 [F=0000] 01572 [P=0.0294) 01473 [F=0.000]
Entertainment 01994 [F=0 000 Q294 [F=0.000] 00093 (P =0.624)
Fast Food Restuarants 0.0032 [P=0 000 D025 [P=0.000) 00455 [F=0.0148)
Grocery Stowes 0.2512 [P=0000] a1771 [P=0.000] 0.1174 [P=0.000]
High=Tech indisty -0.0064 [P=0.735) - 0.014% [P=0.431) -0.0154 [P=0.415]
Museumns 0,134 [F=0,000] 01571 [P=0.000] 00857 [P=0.000]
Office Buidings 03277 [P=0.000] 01727 [P=0.000] 0.2243 [P=0.01&)
Offlce Parks QO05E [F=0.787) - Q001 & [P=D232) Q0022 [F=0.907]
Offce - Miscelaheons QL1081 [F=0000] Q0aS [F=0.000] 01104 [F=0.000]
Farks Q1497 [F=0 000 A QO2ST [F=0.150]
Playerounds 0.0784 [P=0 000] M 0021 [P=0.287)
Recreational -0.0050 [F=0.790] - 0.0159 [P=0.402) 0.01 34 [P=0 478)
Restuarants and Tavems 051 Fa [F=0 000 02552 [F=0.000) G573 [P=0000]
Retaii- Large 02085 [F=0000] 0.1 48 [P=0.148] 00371 [F=0.050]
Retail - Nephborhood 0.3806 [P=0000] Q3287 [P=0.000] 01258 [P=0.000]
Yacant Parcels - 00394 [F=0037] A Q021 [F=0 212

Table 14: Correlations between Land Use and % Household Walk Trips (Controlling for
Household Size and Income)

The land uses most strongly correlated with the percentage of household walk trips proved to be
educational facilities, commercial office buildings, restaurants and taverns, and neighborhood-scale retail
establishments, with civic uses and grocery stores following closely. These findings are as one would
expect. Having establishments such as these within a quarter-mile of one’s place of residence allows
individuals to accomplish major trip purposes, such as work and shopping trips, by walking, Of the 17
land uses measured, only high-tech industrial uses and office parks failed to have statistically significant

correlations with walking rates along any of the three land use measurement categories.
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a) Walking and the Number of Unique Attractions

As noted earlier, the research team hypothesized that rentable building area would be the land use
measure to show the strongest correlation with household walking trip rates. Interestingly, however,
the sheer number of attractions by use, rather than their rentable building area, consistently proved to
be the more significant variable in understanding walk trips. What these findings suggest is that the
number of meaningful attractions within a quarter-mile of one’s home may be more important than the
size or quality of the attraction itself in the decision to walk. These are indeed strong correlations and

beg the question:

“Will increasing the number of commercial destinations in residential communities result in
increased physical activity and reduced air pollution and obesity and other adverse impacts of

driving?”

When one considers the role that self-selection may play in determining walk trips, these results appear
to make sense. This argument would follow that individuals who are predisposed to walk, choose to
live in environments with more destinations accessible on foot. Individuals who choose to live in
neighborhoods that are walkable have automatically self-selected themselves to neighborhoods with
multiple destinations that are within walking distance of their household as well. Those neighborhoods
with more unique destinations within walking distance of a household appear to be more desirable
to these individuals because of the increased number of destination options they provide for walking
— a greater number of unique attractions in the local neighborhood provide the ability to select the
destination attraction that best suits the trip purpose. If this is the case, then the variety of land uses
in these neighborhoods are only in part motivating people to walk more; that is, people who like to
walk are moving to (or staying in) these neighborhoods, if they are available and affordable. The latter
part of the last sentence is the key; emerging research suggests that many residents of auto oriented
environments would prefer an environment with walkable destinations, but have traded it off because
it is undersupplied, and this undersupply has driven the cost up to the point where locating there is

economically illogical, or even infeasible (Levine et al 2003; Levine and Frank 2004).

While this existing data does not provide information on the location decision of households, and
consequently cannot confirm or deny this hypothesis, it would seem that if the concept of locational
self-selection is indeed valid, then individuals would be willing to sacrifice larger homes to be in an
area that had multiple, complementary destinations. Unfortunately, the economics of this trade-off
often result in opting out of walkability for a larger home further out. The current system provides the
ability to externalize much of the transportation, land development, and environmental costs associated
with an outlying area where consumers can get a larger house for less money. Finally, there are several
emerging studies that are beginning to show that both preferences and built environments impact

behaviour. This new research suggests that whether or not one prefers to walk or take transit; or prefers
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walkable or auto-oriented communities, people are less auto-dependent if the built environment makes
it rational to choose walking and transit for at least part of daily travel. Whether or not self-selection is
responsible for the number of attractions being most strongly correlated with the percentage of walk
trips, it is clear that having multiple destinations near one’s house better explains incidences of walking
than gross parcel area or the rentable building area. For some uses, such as restaurants, this makes sense.
Multiple small restaurants provide a greater variety of dining options than do several larger restaurants,
which may be able to serve a greater number of people but which provide for fewer dining options.
Rentable space or square footage also matters, but often to a lesser extent. More commercial office
space translates into the number of jobs that can be housed within it. More square feet means more job
opportunities, which consequently increase opportunities for walk trips, regardless of the numbers of

different office buildings available.

b) Walking and Rentable Square Footage

While the strong correlations found between the percentage of walking trips per household and the
total number of attractions would seem to indicate that having more attractions in a neighborhood is
better, regardless of the actual square footage of usable floor area, it is important to recognize that the
aggregate number of attractions of a particular land use type bears no relationship to the actual ability
of these attractions to achieve desirable household travel destinations. For establishments such as retail
and commercial office space, one would expect that the total square feet of space dedicated to each
use would increase the percentage of walk trips, because more commercial square footage translates to

more jobs, and more retail square footage translates to more product options.

To illustrate using Wal-Mart as an example (and ignoring the economic and aesthetic impacts that a
Wal-Mart may have on a community), a Wal-Mart retail store provides individuals with a full range of
retail options at a single location. This single store is equivalent to the square footage in a neighborhood
commercial district where the same retail services are distributed amongst a variety of stores. Due to
the fact that a large retail chain necessarily seeks to include a complementary host of merchandise in-
house, and because centralized merchandise planning occurs for the chain, the variety of merchandise
available at a Wal-Mart can easily exceed that of a series of individual, “neighborhood” stores in a
neighborhood commercial district. Having a Wal-Mart within a quarter-mile distance of one’s home
provides an individual with a host of retail options that can readily meet most of their retail shopping

needs.

This assumption that “bigger is better”” underlies conventional travel modeling, which is based on the
theory that the larger the attraction, the greater its “gravitational pull” on potential users. In the case of
retail, such “gravity models” assume that more building floor area translates into a stronger attractor for

shopping trips. While this concept has certain face validity, the correlation results indicate that the reality
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may, in fact, be more complex. Big-box stores, despite their size, had much weaker correlations with
walking than did smaller, neighborhood-scale retail establishments. Furthermore, given that the number
of attractions consistently proved to be more highly correlated with the percentage of household walk

trips, this indicates that a fine grain of uses is important to individuals who walk.

However, it is possible that neighborhood factors beyond the quantity of uses themselves may be
involved, and our data support this argument as well. In addition to having more, smaller, individual
land uses, neighborhoods regarded as being “walkable” typically have other characteristics conducive
to walking — network connectivity, sidewalks, street trees, and aesthetic elements such as public art,

uniform building setbacks, and integrated cornice lines, to name a few.

c) Walking and Parcel Area

Of the three types of land use measures — numbers of attractions, rentable building area, and parcel
area, parcel area was the measure that had the weakest correlations with household walk trips. This
finding is unsurprising — parcel area has little relationship with the actual building density on a site.
Areas with greater building floor area to land area ratios (floor area ration — FAR), or multiple uses on

site, provide more destination attractions, and hence more opportunities for household walk trips.

2. Walking and Urban Form

To explore the hypothesis that aspects of urban form and neighborhood aesthetics may be responsible
for the weak correlations between the rentable floor-area measure and walking, we measured the
correlation between urban form itself and the percentage of household walk trips. While the data would
not permit us to develop measures for the presence of street trees or other aesthetic treatments, we were
able to develop measures for the connectivity of the street network and for the presence of sidewalks.

The two measures were as defined as follows:

*  Street connectivity or intersection density refers to the number of intersections per square
kilometer of the bufferarea. More intersections equates to better route choices for pedestrians,
as well as opportunities to follow a “shortest path” to a desired destination attraction. The
average survey household has approximately 68 intersections per square kilometer within
their buffer area, with connectivity estimates ranging from 0 to 223 intersections per square

kilometet.

* Sidewalk density is the number of parcels with sidewalks, divided by the total number of
parcels in the buffer. This measure produces a value ranging from 0 to 1, with one indicating
that all parcels have sidewalks, and 0 indicating that no parcels have sidewalks. While this

measure does not capture the continuousness of the sidewalk network, is does provide a
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gross estimation of the availability of an adequate pedestrian environment. Sidewalks were

present on 27 percent of the parcels located in the buffer area around the average survey
household.

Levels of street connectivity and sidewalk density varied dramatically across the household buffer areas,
strengthening the argument that differences in these design elements may help to explain household
walking trips. The research team ran correlations between the two design variables and the percentage

of household walk trips to test these relationships. The results are shown in Table 15 below.

Desizn Measum Correlation Coefficient
Street Conne chivity 02554 [F=0 000
Shdewall Denaiby 00674 [P .000]

Table 15: Correlations between Street Connectivity, Sidewalk Density, and the Percentage of
Household Walk Trips

(Controlling for Household Size and Income)

Both measures had weak to moderate correlations with the percentage of household walk trips, and
both relationships were highly significant. While neither of the correlations could be termed “strong,”
their significance levels support what we had hypothesized: these variables may act as moderators that

help explain, in part, the household walking trip rates.

Once these design measures were defined, we could control for their effects to better understand the
relationship between walking and land uses as defined by the three measures. We speculated that, when
controlling for the influence of street connectivity and sidewalk density on the percentage of household
walking trips, the relationships between the rentable floor area of a use and household walking trips
would increase, while the relationship between walking and the number of unique destinations would
remain constant or, more likely, decline. Table 16 shows the new correlations when controlling for the

influence of these design elements.
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Land Use Type Number of Attractions Rentahle ing Area Total Parcel Avea
Gl Q2073 [F=0.000] 0.1 4583 [F=0.000] QOF06 [F=0.000]
Convenience Stotes Q1183 [F=0.000] L1 0E0 [F=.000] 00472 [F=0.000]
Doctor-Dentist Offces 01594 [F=0.000] 0.1 681 [F=.000] Q00563 [F=.000]
Educational 02524 [F=0.000] 01427 [P=0.000) 01421 [P=00ii)
Entedalnment Q1186 [F=0.000] 000 &G [F=0.728) Qo057 [F=0.754)
Fast Food Fe stuarg nits Q1042 [F=0.000] Q0955 [F=0.000] QOG30 [F=0.001)
Foceny Stoes Q2174 [F=0.000] Q1T T [F=.000] 01124 [F=.000]
Hih-Tech nousny - Q0222 [P=0245) - 00208 [P 279 - 00222 [P=0.434)
Musenms QT2 [F=0.000] 00424 [F=0.024) - 00054 [F=0.7587]
Oiffice Ballings Q2557 [F=0.000] 02280 [F=0.000] 01615 [F=0.000]
Ciffice Parks Qo074 [F=0.898] Qo024 [F=0.899) Q03T [F=0.545)
Offlce - Miscela neots QOF1E [F=0000) 00458 [F=0.011] OOSET [P=0.002)
Pais 0120 & [F=0.000] A 00211 [F=.243)
Flayomound s Q0&65 [F=0.000] A 00163 [F=0.579)
Recregtiona! - QRO%E [P=0.827) -0.01 76 [F=0.354] Q0147 [P0 442)
Regngrants and Tavems D275 F [P=0.000) 02430 [P=0 000 0.1 4231 P=0 000
Retall- Lavge 01302 [F=0.000] Q1108 [F=0.000] 0041 2[F=0.025]
Retall - Meghborhoo o Q2965 [F=0.000] 02920 [F=0.000] 01454 [F=0.000]
g canit Paroels - QO3ER [P=0.055] HA 00150 [P=.401]

Table 16: Correlations between Land Use Measures and the Percentage of Household Walk Trips

(Controlling for Street Connectivity and Sidewalk Density)

When controlling for the effects of street connectivity and sidewalk density?, the correlation
coefficients between rentable building area and percentage of household walk trips begins to match that
of the number of attractions, particularly for neighborhood retail and commercial office buildings. This
is as one would expect: when urban design characteristics that encourage walking, such as the provision
of an adequate pedestrian network, are held constant among land uses, the total area of accessible

attractions should be better related to walking,

It is also important to note that controlling for sidewalk density and street connectivity also decreased
the strength of the correlations between walking and the number of attractions. This too, is, as one
would expect. The initial strength of the correlations between walking and the number of unique
attractions was due to design characteristics associated with areas that have a large number of unique
attractions, and not the attractions themselves. When controlling for the influence of at least two of
these characteristics — street connectivity and sidewalk density — the measure lost some of its strength

because it could no longer “absorb” its association with these design elements.

This suggests that, while the number of attractions is most strongly correlated with the percentage of
household walk trips, other moderating variables are in fact responsible for some of this correlation,
and that the design of the pedestrian realm may be as important as the land uses themselves. Older
neighborhoods, which tend to have more unique attractions, also have connected street networks,
sidewalks, and other design elements conducive to walking. While design characteristics are difficult
to operationalize for statistical analysis, the correlation results make it clear that these characteristics
play an important role in explaining walking trips. When controlling for the two design characteristics,

rentable floor area appears to be a better land use measure for some of the land use types than the

2 The sidewalk variable within the parcel database upon which this assessment is based is incomplete.
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number of unique attractions.

a) Considering Educational Facilities

In the initial and second set of correlations, the relationship between educational use measures and the
percentage of household walk trips remained relatively constant. The number of educational facilities,
rather than their size, consistently proved to be better associated with household walk trips. We suspect
that the reason the rentable area of the facility proved to be less strongly related to walking than did the
number of school facilities is due partly to of the nature of schools themselves. While school facilities
may vary in size, school boards tend to hold the number of students per facility relatively constant
for educational purposes — pedagogically, schools are more effective when total school enrollment is
kept below a certain level. Assuming this is, in fact, the case, one would expect the number of school

facilities to be better related with walking than would the actual size of the facilities.

b) Considering the Role of Parks

Interestingly, the square footage of available park space (measured by the total parcel area of all parks
in the household buffer) did not prove as important as the number of parks in either of the sets of
correlations — indeed, in neither correlation did size even register as statistically significant, let alone
strongly correlated. For planners, this suggests that providing more parks, even if the parks are small,
may be more useful in encouraging walking than would providing a single large park. While larger parks
are useful for certain types of recreational activities, smaller parks are what appear to matter most for
walk trips. Smaller parks provide “outdoor rooms” for a community: places to read, congregate, or
watch people pass by. Smaller parks serve more than just recreational purposes; they also enhance the
attractiveness of the environment. Jane Jacobs (1961), in an illuminating essay on the functions of park

space, comments on the aesthetic role that small parks can play:

Some of these [parks], if sufficiently small, can do another job well: simply be pleasing to the eye. San Francisco is good at
this. A tiny triangular street intersection leftover, which in most cities would either be flattened into asphalt or else have a hedge,
a few benches and be a dusty nonentity, in San Francisco is a fenced miniature world of its own, a deep, cool world of water and
exotic forest, populated by the birds that have been attracted. You cannot go in yourself. You do not need to, because your eyes
o in and take you farther in this world than feet conld ever go.”
As Jacobs observed, small parks that serve no obvious functional purpose can nevertheless have an
important effect on the attractiveness of a community. Unlike large sweeping parks, such as Grant Park
in Chicago, an individual cannot enjoy these small parks when racing by on their car. To appreciate them,

you have to be on foot.

None of this is to suggest that larger parks should be neglected in favor of smaller parks, but that uses
of parks vary greatly, and that planners should pay attention to providing a range of park options that

complement a community. Large parks, such as Gasworks Park, are excellent for kite flying, Frisbee-



Chapter IV 102

throwing, or a game of touch football, and are essential in meeting the recreational needs of a community.
Smaller parks simply cannot accomplish these more “active” recreational activities. But smaller parks
can - and do, if designed appropriately - create an environment that encourages pedestrianism by not
only providing a destination, but by enhancing the streetscape as well. Planners seeking to encourage
pedestrianism may do well to encourage the design of smaller parks that enliven the streetscapes of the

communities they serve.

While correlations are useful for examining relationships between variables (when controlling for
the influence of other variables, such as household demographics), they are useful only to describe the
relationship between two variables at a time, such as walking and the square footage of retail space. A
turther shortcoming is that correlations cannot predict how changes to an independent variable, such as
retail square footage, will affect the dependent variable. To better understand the relationship between
land use characteristics (the independent variables) and a travel behavior such as walking (the dependent

variable), a different types of statistical tests are needed.

Two statistical tests are detailed in the next two sections. The first used a logistical regression model
at the person and one kilometer household buffer level. The dependent variable was a dichotomous
variable, indicating whether or not a person made at least one walk trip over the two day survey
reporting period. Independent variables were demographics and quadrants of urban form variables.
The second statistical test used a multivariate linear regression model at the household and one-quarter
miles household buffer level. The dependent variable was the percent of walk trips at the household

level. The independent variables were demographics and continuous urban form variables.

3. Estimating Odds of Walking — Person Level, Non-Work Logistical
Regression

The odds of someone reporting at least one walk trip over the two day survey reporting period was
investigated using logistical regression analysis. The logistical regression results (Table 17) indicate that,
when controlling for demogtaphics, the odds of walking increased by 20 percent’ for each additional
park and 21 percent for each additional educational facility within a kilometer distance (buffer) from
where King County residents live. It is anticipated that this relationship is non-linear and that smaller
increases in walking will likely result as demand for parks and schools is approached and met. Survey
respondents were divided into four groups (quartiles) based on their community’s* level of street
connectivity, residential density, and into four groups based on the number of retail establishments.

When controlling for income, age, educational attainment, and gender, each quartile increase in:

* the number of intersections per square kilometer corresponded with a 14 percent increase

3 Odds are determined by subtracting one from the Exp(B) value and multiplying by 100: (Exp(B) -1)*100.
4 One kilometer road networked based buffer from household.
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The tables below provide the descriptives for the independent variables.

in the odds of walking for non-work travel;

the levels of residential density corresponded with a 23 percent increase in the odds of

walking for non-work travel; and

the number of retail establishments corresponded with a 19 percent increase in the odds of

walking for non-work travel.

Independent Variables B S.E. Wald df Sig. Exp(B)
Age -.013 .002 37.449 1 .000 .987
Educational attainment A12 023 23.087 1 .000 1.119
e e, 060 023 6.655 1 010 1.062
annual

Vehicles per household -.297 045 44.594 1 .000 743
Quartiles of Intersections

per square kilometer at .136 .036 14.143 1 .000 1.146
home buffer

Quartiles of residential

S (WIS [PEr 209 044 22 553 1 000 1.232
residential acres) at home

buffer

Quartiles of number

of neighborhood retail A77 .050 12.841 1 .000 1.194
locations at home buffer

NITIZET GRS ER IR || g 064 7.769 1 005 1.196
buffer ’ ’ ’ ’ ’
Number of education

related parcels at home 191 .035 29.610 1 .000 1.210
buffer

Constant -3.479 409 72.443 1 .000 .031

Table 17: Walk or Not — Logistical Regression (valid N (people, listwise) =6,238)

N Minimum Maximum Mean Std. Deviation
Did the person make at
least one non-work walk
trip over the two day 6,585 .00 1.00 .1578 .36456
survey period?
Age 6,585 0 99 38.24 21.459
Educathnal attainment 6.585 1 6 3.44 1.889
(categorical)
Vehicle per household 6,585 0 8 2.14 1.104
Income—household,
annual (categorical) 6,585 11 18 16.24 1.750
Number of Parks 6,518 .00 7.00 11361 47109
NUT2Gr? @ el IET) 6,518 00 27.00 4491 1.00456
related parcels

Table 18: Descriptives of Continuous & Categorical Variables Used in Walk Logistical Regression

Notes: Educational Attainment categorical values: 1 = Less than high school, 2 = High school graduate, 3 = Some college, Vocational
Technical, 4 = Undergraduate/Bachelors degree, 5 = Graduate/Post-graduate degree Income (household, annual) values: 11 = Less than
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4. Estimating Percent of Walk Trips — Household Level Linear Regression

Multivariate linear regression is a powerful statistical model that provides information on the strength
of the relationship between a host of independent variables and a dependent variable — in this case,
the percent of household walk trips. In developing a regression model, the research team chose those
measures of land use within quarter mile household buffers that, from the correlation results, appeared

to best explain the variation of walking rates among households. Correspondingly, rentable square feet

$10,000, 12 = $10,000 to $14,999, 13 = $15,000 to $24,999, 14 = $25,000 to $34,999, 15 = $35,000 to $44,999, 16 = $45,000 to $54,999,
17 = $55,000 to $74,999, 18 = $75,000 or more

Variable Descriptives AL G
i 1 2 3 4

N (household

Intersections 1k£n buffers) 1588 1606 1590 1575

per square —

kilometer Minimum 0 47.94 64.26 83.04
Maximum 47.78 64.23 83.03 222.89
N (household

Residential 1k(m buffers) 1551 1550 1557 1580

units per —

residential acre Minimum 0.62 4.25 5.63 11.26
Maximum 4.25 5.62 11.26 121
N (household

Nu.mr:)ber ?If ) 1km buffers) 4497 494 1368

neighborhoo —

retail locations Minimum 0 1 2
Maximum 0 1 76

Analysis

Table 19: Descriptives of Quartiled Variables Used in Logistical Regression

was used to measure the effect of the following land uses on walking:

The total number of unique attractions was used to measure the influence of the following variables

Doctor and Dentist Offices

High Tech Industrial

Office Buildings

Oftice Parks

Miscellaneous Office Space

Large Retail

Neighborhood Retail

Civic Attractions, including churches, auditoriums and fraternal organizations
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on walking:
* Convenience Stores
*  Educational Facilities
* Entertainment Attractions, including movie theaters, sports arenas and miniature golf sites
*  Fast Food Restaurants
*  Grocery Stores
*  Museums
* Parks
* Playgrounds

*  Recreational Attractions, including bowling alleys, golf courses, amusement parks, and

skating rinks
e  Restaurants and Taverns
*  Vacant Parcels

In addition to the measures described above, two urban form measures were included in the model to

measure their effect on walking rates:
*  Net residential density
e Street connectivity (intersection density)

These two urban form measures have traditionally been considered the most important factors in
explaining walking trip rates. With this research, we wanted to see if the relationships between density
and street connectivity held after neighborhood land uses were desegregated and tested for their separate

influence.

Finally, to control for the influence of household demographics on household walking trip rates,
household size, household income, and the number of vehicles per household were used as control

variables. Table 20 provides the regression results.
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Variahle Beita Coeffiront 1 Statitic Sgnificance
Howsehold Size 0055 2.4 QoL
Howusehald khieorne onzs 1 g2 014
Hurrboer of Housshold Wehicles: -0.1z232 -5 A2 [palu ]
Het Residenticd Deansity 0024 3847 Qaoa
htetsection Densihy on@s 4037 Qoo
# Bducofionol Focilities 0152 g.aer [palu ]
# Porks onsy JEREIRL] 0o
# Grocelies onss 2540 aon
# Civic Attroctions 0045 2234 00za
Retail-longe Rent Arec 001 3242 0o
Retail-Heighlxorhood et Anec 0175 IS i Qoo
# Restouronts) Tovemn: 002 3023 oo

Lrependent Wariable: Percentage of Household Wi ak Trips
RZ =0.240
F Statistic = 62142
Humber of Observations = 2604

Table 20: Percentage of Household Walk Trips - Linear Regression

a) Model Results

The best-fit model explained 24 percent of the variance in rates of walking among survey households,

and all of the variables entered with the expected signs.

(1) Control Variables

Of the control variables, both household size and the number of household vehicles were significantly

related to walk rates. Household income did not enter the model at a statistically significant level.
(a) Household Size

Larger households have more walkers, and consequently have the ability to generate more walk trips.

This variable has only a weak effect on walking, however, with a beta coefficient of 0.056.
(b) Vehicles Per Household

The number of vehicles per household has a moderately negative relationship with walking, with a beta
coefficient of —0.123. The negative relationship is undoubtedly in response to a combination of two
factors. First, households owning more vehicles have a greater opportunity to drive, and having made
the investment in an additional automobile, appear to be making use of this investment. Secondly, in
areas where there are few destination attractions within walking distance, additional automobiles are

necessary to accommodate household travel demand.
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(c) Household Income

The third control variable, household income, did not prove to be significantly related to the percentage
of household walk trips. This is most likely due to a combination of factors. First, highly walkable areas
such as Seattle’s Capitol Hill tend also to have increased housing costs associated with them, limiting
the number of lower income households that can reside there. Conversely, lower income households
tend to have fewer vehicles and are more reliant on walking than wealthier neighborhoods. These two
tactors most likely cancel each other out, causing the failure of this measure to enter significantly into

the model.

(2) Urban Form Variables
(a) Net Residential Density

Net residential density, which is often the variable most related to the percentage of household walking
trips, was found to be relatively weak in this model. It has a statistically significant beta coefficient of
approximately 0.08. The reason for this appears to be because of the disaggregate nature of the land use
data used in this model, which prevented the research team from isolating the effect of net residential
density on walking while accounting for the mixed land uses typically associated with it. In the past,
lacking disaggregate land use measures with which to describe the variation in land use mixing around
households, researchers have been forced to fall back on density to capture the effect of land use on
walking. High density areas are typically better mixed than low-density areas because they can sustain
more destination choices. More residents per acre means more potential shoppers and diners, and hence
the ability to have more, or larger, shops and restaurants. As these results show, however, density by
itself has only a weak relationship with walking — the presence of mixed land uses and meaningful trip

destinations are more important for encouraging walking,

While these findings may disappoint advocates of higher residential densities, it is important to
recognize that with the exception of leisurely walking, people don’t travel for the sake of traveling
— they travel to accomplish a purpose. More housing units per acre don’t translate into meaningful
destinations — they simply represent denser housing. Before we underplay the importance of density
it is important to recognize that density is essential for sustaining the shops, restaurants and other
uses that encourage people to walk. Without a sufficient market, businesses such as shops and
restaurants can’t sustain their operations, and will ultimately be forced to close. Increasing the residential
density around these land uses helps provide them with the market they need. The relationship between
land use mixing and residential density is symbiotic. The finding that density alone plays less of a role
in influencing mode share than was previously thought is significant, because it moves us beyond the

simple guidance that “higher density is better” to a more nuanced appreciation of the influence of
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density and land use on travel behavior.
(b) Street Connectivity

Street connectivity, or intersection density, was also found to have a significant but weak correlation
with walking rates, with a beta coefficient of approximately 0.08. The weak correlation between this
measure and walking is most likely due to a combination of factors, both of which make sense. As with
net residential density, intersection density has traditionally been strongly correlated with the amount
of land use mixing in an area. Older, traditional neighborhoods, which typically play host to a variety
of land uses, also tend to have high levels of network connectivity. Controlling for the presence of
these uses reduces the strength of intersection density. More intersections don’t translate into more
destination attractions. This reinforces the findings of the correlation analysis — intersection density and

mixed uses play complementary roles in encouraging people to walk.

The second factor explaining the weak correlation between intersection density and walking is the use
of neighbourhood level buffers around households, rather than the more typical traffic analysis zone
or census tract levels used by other studies. The larger areas used by earlier studies often have no direct
link to the location of an individual’s household, or the destinations that were accessible within a given
distance from it. At these larger geographic scales intersection density increases in importance as an

explanation of walking trip rates.

In this study, the use of parcel-level data allowed the researchers to draw network buffers around
the household and capture the parcels that were within walking distance. This disaggregate approach
allowed the walking distance among households to be held constant, so that the buffer around each
household represents a five minute walk. Using this approach made the model much more sensitive to
the effect of intersection density at the individual household level and removes the extraneous effects of
land use from the measure, resulting in a weaker relationship between intersection density and walking
trip rates. Again, as with net residential density, intersection density is still an important factor in

encouraging people to walk, but not as important as has been suggested in earlier studies.

(3) Land Use Variables

The final series of measures included in the model related to individual land uses themselves. Of these,
the two with the most direct influence on walking proved to be the square footage of neighborhood
retail, and the number of educational facilities in the buffer area. Both had positive, moderately strong
relationships with the percentage of household walk trips — with beta coefficients of 0.175 and 0.158,

respectively.

The remaining land use variables, which included parks, restaurants and taverns, civic attractions,

grocery stores, and the rentable floor space of large retail attractions, entered with relatively weak
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but significant beta coefficients of less than 0.07. The research team hypothesized, however, that
their combined influence on encouraging people to walk is undoubtedly greater than their influence

individually.

To test this assertion, the researchers developed a composite variable, walkvars, that combined the sum

of these individual attractions together, as defined in Equation 5-1 below:

WALKVARS =} (Zparks + Zrestaurants + Zcivic + Zgrocery + ZRetail
1)

(5-

Large)

Where:Zparks = the Z score of the number of parks

Zrestuarants = the z score of the number of restaurants and taverns
Zcivic = the z score of the number of civic attractions

Zgrocery = the z score of the n umber of grocery stores

ZRetailLMgc = the z score of the rentable floor are of large retail

The Z-scores of the variables were used rather than the raw numbers to place the units of measurements
between the uses on a common scale. For example, while parks are measured by the number of
individual parks, large retail attractions are measured in rentable floor area. Assuming a neighborhood
has 100,000 square feet of large retail space and two parks, the raw aggregate of these measures would
be 100,002. Z-scores distribute the range of values along a normal curve, providing a consistent unit

of measurement.

The Walkvars variable was substituted for the park, restaurants, civic, grocery and large retail measures

in the model and the regressions were re-run. Table 21 illustrates the results.

Walk Trip Regression 2

Yariahle Beta Coefficient significance
Household Size 0.0545 00045
Househald Income noza 0147
MHumber of Househald % ehicles 0122 0.00a
Met Residential Density 0.osa 0.o00
Interesection Density 0.074a 0.00a
# Educational Facilities n1a7 0.00a
RFetail-reighborhood Rent Area 0.1a80 0.00a
Whih LA A RS 0171 0000

Dependent VWariahle: Percentage of Housahold vWalk Trips

Rz =0240
Humber of Obsensations = 2604

Table 21: Model 2 for the Percentage of Household Walk Trips.
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The new model explained exactly the same amount of variance as the first model, with an R? of 0.24.
As expected, the composite measure WALKVARS has a stronger beta coefficient — 0.171 — than did
any of the individual measures that comprised it, indicating that the composite measure is a stronger
predictor of household walk trips than are any of the individual variables. This furthers the assertion

that mixing uses together is an important factor in encouraging people to walk.

b) Speculating on Excluded Variables

Given the strength of the preliminary correlations between office building square footage and the
percentage of household walk trips, one would have expected it to enter significantly into the model,
which it did not. The reason for this seems to be because of the fact that most people either cannot,
or choose not to, live within walking distance of their place of work. Despite the fact that work trips
accounted for 18% of the total trips generated by households, only 741 of the 6185 work trips in this
study — 12% — were accomplished by walking. Moreover, there is no evidence to suggest that those
individuals walking to work actually worked in commercial office buildings — it is just as possible that

walkers work in retail, service or some other industry.

Although not significantly related to walking, both office parks and fast food restaurants entered with
negative beta coefficients, as did entertainment and recreational activities. These variables were not
strong predictors of walking, nor would one expect them to be — recreational activities, such as bowling
and golf, often have equipment that is too heavy to be carried comfortably while walking. There is
no reason to suggest that other recreational or entertainment activities, such as miniature golf, would

encourage people to walk, either.

c) Policy Implications

This analysis of the relationship between walking, land use and urban form characteristics in many ways
confirms what planners have known all along — that the creation of walkable environments with mixed
land uses, retail-supportive residential densities and adequate connectivity between uses encourages
people to walk. None of the individual characteristics modeled in this analysis proved to be a particularly
strong predictor of walking trips — the strongest variable, neighborhood retail square footage, had a beta
coefficient of only 0.17, a moderately weak relationship at best. Still, it is not the presence of individual
characteristics, but the collective effect of land use mixing and density that influences walking. By
simultaneously increasing a number of the measures, including density, the square feet of retail space,
the number of restaurants and parks, and street connectivity, planners may be able to bring about

dramatic transformations in the number of household trips accomplished by walking.
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Box 1: Interpreting Partial Correlations

The Pearson’s R coefficient provides an indicator of the strength of the relationship between variables on a scale
of 0 to 1, with a value of 1 indicating that the variables are perfectly related, and a 0 indicating that there is no
relationship between the variables. Negative values indicate an inverse relationship between the variables — for

example, as the number of vacant parcels in an area goes up, the percentage of walking trips goes down.

The statistical significance (P value) of each correlation is provided in parentheses beside each of the correlations.
This value indicates whether or not the correlation is statistically significant, or, in layman’s terms, how likely that
the relationship between the two variables is a real relationship, and not just a random coincidence. P values

range from 0 to 1, with a 0 indicating that there is little likelihood that the relationship is the result of a random
occurrence, and a 1 indicating that the relationship is completely random. Typically, a value 0.05 or lower indicates

that the relationship is statistically significant.

(1) Focus on Encouraging Land Uses that Complement Walking Behavior

As the model results illustrated, simply having multiple uses near one’s home is no guarantee that a

person will walk to access them. Of the uses included in this study, the following have proven to be

best related to walking:
*  Neighborhood Retail
*  Educational Facilities
*  Grocery Stores
*  Restaurants and Taverns
*  Parks
*  Large Retail Attractions

While some neighborhoods naturally evolve into specialized shopping or entertainment districts,
planners should seek to encourage a complementary host of these uses within walking distance of
households. Independently, none of the individual land uses has a strong effect on walk trips, although
collectively their influence can be great. For those wishing to encourage walking as a travel mode, better

land use mixing is responsible for increasing the likelithood that people will walk.

Large numbers of vacant lots, signatures of urban decline and decay, should be prevented.

Unsurprisingly, vacant lots are negatively related to walking, either because they equate to fewer walking
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attractions, or because the neglect and disrepair of large numbers of these lots create an environment

hostile to pedestrians.

(1) Large Retail

Planners have long resisted large retail uses because of their ability to force downtown shopping
districts into decline, and because of their negative aesthetic impact. That large retail should prove
significant in explaining walk trips forces a reconsideration of the role that it can play in encouraging
walk trips. On the one hand, it is essential to remember that there is nothing innately bad about large
retail, as long as it is sited in a way that complements the surrounding area. Design guidelines can be
used to prohibit the least desirable components of these facilities, such as the large surface parking lots

and deep setbacks. As with all land uses, large retail stores have their place.

On the other hand, although large retail did have a significant and positive relationship with walking,
it is important to recognize that this relationship is weaker than that between smaller neighborhood
retail and walking, In areas where large retail can force neighborhood retail into decline, the decision
to incorporate large retail may functionally reduce the number of household walk trips. In these cases,
planners may seek to develop stringent design controls on the physical form that large retail may take,
and further, to exclude these uses from neighborhood shopping districts. In suburban areas where
neighborhood shopping is unavailable, but where a strong market for a large retail store may exist,
planners should consider the possibility of incorporating large retail into the overall design of the
neighborhood, and fostering a strong pedestrian link to the development. By encouraging creative site
designs and land use configurations in areas with large retail establishments, planners may be able to

turn a burden into a benefit.

(2)Use the Right Land Use Measure When Formulating Policy

One of the more interesting findings of this study from an implementation perspective is that for
some land uses, rentable floor area proved to be the best measure with the strongest relationship to
household walking trip rates - whereas for other land uses, the number of unique attractions proved
the measure with the strongest relationship to walking. Selecting the right unit of measurement when
specifying land uses in planning guidance documents will allow practitioners to better measure their

progress as they attempt to achieve goals such as encouraging use of non-motorized travel modes.

Appropriate performance measurement is necessary for successful implementation. When developing
land use guidelines to encourage walking in development review and planning; this study recommends
that guidelines for retail and commercial uses be presented in terms of their rentable square feet.
Guidelines for parks, groceries, educational facilities, and restaurants would best be presented in terms

of the number of unique attractions in the development, planning area or neighborhood.
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Box 2: Considering “Self-Selection”

“Self-Selection” is a concept that suggests that individuals already predisposed to walk choose to live in walkable
places. Advocates of self-selection argue that land use does not directly affect travel behavior — that instead,
individuals who desire to walk choose to live in places with land use patterns that encourage walking. Because
these people represent a unique group, statistical results that show higher incidences of walking in walkable areas

cannot be used to generalize to populations as whole.

While the self-selection argument poses an interesting logical puzzle for planners, the reality is that when walkable
places are created, people living in them walk. If the self -selection argument is true, then the supply of walkable
neighborhoods has not yet met demand, as the higher property values for walkable neighborhoods, such as Capital
Hill and Queen Anne Hill in Seattle, demonstrate. If the self-selection argument is wrong — if in fact, building
walkable environments does encourage people to walk more -- then planners can and should facilitate the creation

of walkable environments whenever possible.

Ill. TRANSIT

This study seeks to compare the effects of land use patterns at both the origin and destination end
of transit trips to better understand how changes in land use configurations, street network design,
and investments in pedestrian infrastructure can encourage transit use. At the outset, it is important
to this particular project to document the fact that a considerable synergy exists between walking and
transit. We found a pearson correlation coefficient of r = 0.2110 at the 99.99 significance level between
the number of walk and transit trips per person when controlling for income and household size in a

sample of 4,037 participants in the County. Transit riders are indeed walkers.

A. Transit Riders and Trip Purposes

Data from the Puget Sound Household Activity survey was used to evaluate the impacts that land use
strategies have on transit effectiveness. These results are based on the 7,548 respondents within King
County. Of these respondents, 606 used transit on at least one of the two days during which the survey

was conducted.

Compared to all respondents from the King County sample, transit users are slightly more likely to be
female, and be non-white (see Table 22 and Table 23). Interestingly, transit riders are likely to be more
educated than we found across all respondents at the county level (Table 24). They are also more likely

to have a lower household income and have fewer vehicles as revealed in Table 25 and Table 26. Finally,
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Table 27 through Table 28 show transit riders are slightly older and have smaller households than we

found across all respondents at the county level.

Gender King County Transit Riders Transit Difference
Male 48% 47% -2%
Female 51% 53% 2%
Missing/Refused 0% 0% 0%

Table 22: Gender of Transit Riders Compared with King County Survey Respondents

Table 23:

Ethnicity King County Transit Riders Transit Difference
White/Non-Hispanic 88% 84% -3%
Hispanic/Latino 2% 1% 0%
African American 2% 3% 1%
Asian/Pacific Islander 5% 6% 1%
Native American 1% 1% 0%
Other 1% 1% 0%
Missing/Refused 2% 3% 1%

Ethnicity of Transit Riders Compared with King County Survey Respondents

Educational Attainment King County Transit Riders Transit Difference
Less than High School 23% 8% -15%

High School 13% 10% -3%

Some College 18% 19% 2%
Technical/Vocational 2% 2% 0%
Undergraduate/Bachelors 24% 30% 6%
Graduate/Post-Graduate 18% 29% 10%
Missing/Refused 1% 1% 0%

Table 24: Educational Attainment of Transit Riders Compared with King County Survey
Respondents

Household Income King County Transit Riders  Transit Difference
Less than $10,000 1% 3% 2%
$10,000 to $14,999 1% 3% 1%
$15,000 to $24,999 5% 7% 3%
$25,000 to $34,999 7% 9% 2%
$35,000 to $44,999 12% 12% 0%
$45,000 to $54,999 13% 13% 0%
$55,000 to $74,999 20% 19% 1%
$75,000 and Greater 28% 20% 7%
Missing/Refused 12% 13% 1%

Table 25: Household Income of Transit Riders Compared with King County Survey Respondents

Household Vehicles King County Transit Riders Transit Difference
Mean Vehicles 21 1.5 -0.6
Std. Dev 1.1 1.1 0

Table 26: Household Vehicles

Age King County Transit Riders Transit Difference

Mean Age 38.5 40.8 2.3

Std. Dev 21.7 16.5 -5.2
Table 27: Age

Household Size King County Transit Riders Transit Difference

Mean Size 3 25 -0.5

Std. Dev 14 1.3 -0.1

Table 29 shows the top three purposes for trips made by transit are to return home (32.7%), work

(31.7%) and changing modes of travel (10.3%). Table 30 removes the first two purposes (home and

Table 28: Household Size
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mode change), which really are more derived purposes — in that for most trips they occur because of the

purpose of traveling to outbound destination.

Main Trip Purpose N (trips) | Percent
Home 640 32.7
Work 621 31.7
Work related (to location not

regular workplace or home) e 1
School - Junior college

university, vocational?tréde 56 &)
School - Daycare, K-12 23 1.2
Incidental shopping 96 4.9
Major shopping 20 1
Personal business 76 3.9
Medical 28 14
Other services (specified) 1 0.1
Eat out 28 14
Social/Recreational 106 5.4
Civic activities 15 0.8
Church activities 1 0.1
Pick-up/Drop-off person at work 1 0.1
Pick-up/Drop-off person at

school/daycare & O
cIjtlﬁ(l;ﬁup/Drop off person at 7 0.4
Change mode of travel 202 10.3
Total 1,960 100

Table 29: Transit Trip Purposes (all purposes)

When home and mode change are removed from the trip purpose list, transit is primarily used for
the journey to work (55 percent), with no more than 9 percent of trips allocated to any other purpose
(Table 30).

Trip Purpose* Percent of Trips
Work 55%
Social/Recreational 9%
Incidental Shopping 8%
Personal Business 7%
School - junior college, university vocational/trade 5%
School - daycare, K-12 3%
Other** 12%

*Trips classified as "Home" trips and "Change Mode" trips have been excluded.

**Qther trips include all trip purposes that individually account for 2% or less
of the total percentage of transit trips.

Table 30: Transit Trip Purposes (not including “home” and “change mode”)
Of primary interest is the distinction between transit captive and transit choice riders. Households
without a car most often integrate walking and transit to accomplish their travel needs. “Choice” riders

select modes based on their level of competitiveness in terms of time or per trip cost when compared

to a private automobile. Where free parking is unavailable, or where trip distances and traffic congestion
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on general purpose lanes make transit faster than a car, choice riders will switch to transit to accomplish
their travel needs (Cervero 1998). Because most work trips occur during the peak AM and PM periods,
when traffic congestion is at its highest, the time savings associated with transit may encourage people
to switch from their automobiles to transit. Of course, this can only be the case where transit has an
exclusive right of way within a given corridor. From a door-to-door perspective, transit is seldom faster
than driving; however, where the travel time on transit approaches the private vehicle, increased out of
pocket expense from parking on a repeated basis can wrench even the most staunch auto enthusiasts

from their cars.

Efficient land use planning is required for travel times to become even marginally competitive between
transit and driving, Urban form directly influences the time differential between transit and auto travel.
Individuals must not only be able to access a transit station near their home location, but must also be
able to conveniently access their destination via transit as well. This report hypothesizes that the ability

to access secondary trip destinations also factors importantly into the decision to use transit.

B. Transit Database Development

Since the majority of transit trips were undertaken to arrive at work destinations, person-level data
was extracted from the larger household activity survey for all individuals taking work trips during the
two-day travel survey. Using spatial coordinates for a person’s place of work, we geo-located each
workplace and created quarter-mile network buffers around each site. Once these sites were created,
we then captured each individual parcel located within the buffer area to develop a land use database.
Merging this database with the household-level database developed eatlier allowed us to model the

effects that land uses at both the home and workplace end of the trip have on transit ridership.

Because workplaces were used for destination ends, we limited this study to include only individuals
who were employed at the time the survey was conducted. Our focus was solely within King County rather
than for the four-county region in which the Puget Sound Household Activity Survey was conducted.
Of the roughly 14,000 survey respondents, 4304 had workplaces located in King County, and of these,
3233 also has residences in the county. Given that the place of employment is the explicit primary
destination of these transit-to-work trips, it becomes especially important to analyze the influence that
secondary destinations — essentially the other land uses around the employment location - have on the
decision to take transit to work. In other words, it is implicit that the subset of trips examined in this
section of the study is associated with a transit level of service which makes transit use competitive with
driving. The study seeks to determine which other land use factors help to encourage travelers to make

transit their choice for the trip to work.
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C. Correlation Analysis

As a measure of transit ridership, this study uses the percentage of personal work trips accomplished
using transit. While useful for analyzing transit ridership, this measure does have some shortcomings that
must be acknowledged. First, most people’s travel patterns are relatively fixed for work trips — a person
typically uses only one mode to travel to and from work, and their use of this mode is consistent from
day to day, limiting the amount of variation in the data. Because of this phenomenon, the percentage
of household work trips accomplished using transit is distributed in a “bi-modal” manner - or largely at
cither end of the data range — with most cases entering with values of either 0 percent or 100 percent.

This distribution is shown in Figure 32 below.

4000

3000

2000

1000

Std. Dev = .28
Mean = .10
0 - N = 3430.00

000 .13 25 38 50 63 .75 .88 1.00

% Transit work trips

Figure 32: Distribution of the Percentage of Transit Work Trips for Survey Households

While greater variation in the data would be desirable for the purposes of developing statistical models,
the survey does not provide a better alternative measure of transit ridership. To better distribute the
data, this study uses the natural log of the percentage of work trips taken by transit in the subsequent

analysis.

As with the analysis of the relationship between land use and walking, this section first examines
correlations between each of the individual land uses and an individual’s propensity to use transit, and
then employs a regression analysis to develop a predictive model of how different land use patterns at
both the home and work ends of a trip can influence transit use for the trip to work.

1. Correlations between Land Use and Transit Ridership for the Trip to

Work

Since characteristics such as household income, the number of household vehicles, and the size of
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a household all can influence mode choice, partial correlations that controlled for the effects of these
variables were used to determine the strength of relationships between the percentage of transit work
trips and land use types. As with the analysis of the relationship between walking and land use, three
measures of each individual land use were employed — number of unique attractions by use, the rentable

floor space by use, and the total parcel area dedicated towards each use.

a) Employment Location Land Use and Transit Use

Table 31 displays the partial correlation coefficients, as well as their significance levels, for the land use
surrounding respondent employment locations and the natural log of the percentage of transit work

trips.

The rentable floor space in office buildings had the strongest correlation with the percentage of
work trips accomplished using transit, with a partial correlation coefficient of 0.3704. The rentable
floor space of civic uses, miscellaneous office space, and neighborhood-level retail also had moderate
correlations as well. The number of restaurants and taverns had a slightly weaker, but still statistically

significant relationship with the percentage of transit work trips.

The number of large retail establishments and entertainment attractions also has a moderate, positive
relationship with transit work trips. The parcel area of vacant lots and the rentable floor space of fast

food restaurants had negative, although relatively weak correlations with transit work trips.

Not surprisingly, the land uses best associated with the percentage of work trips a person takes using
transit are also those associated with typical downtown areas: the amount of commercial office floor
space, retail floor space, the number of large retail attractions, and number of office buildings. Large
retail stores function as “anchor” stores in retail development projects; entertainment uses, such as
movie theaters and sports attractions, and restaurants and taverns all show strong correlations with
transit use. Fast food, high tech, office parks, vacant land, and land area in park use were found to be
inversely associated with transit use ridership. These results have exceptional “face validity.” One would

expect to see more of these exact uses in areas where transit service is less viable.
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Land Uze Type Thumber of Atirar bone Renahk Budding Area T otal Parel Area
Civie 027388 [P=0.000] 02463 [P=0.000] 01764 [P=0.000]
Comvemience Shores . 00401 [P=0022] - 00693 [P=0000] - 00447 [P=0.011]
DaoctorDertist Chiffoes 000y [P=0.247] 01475 [P=0.000] -0oE0s [P=0.023)
Educationa! ooy [(P=0.000] - 00136 [P=0.441] Onsde [P=00001)
Erlertainm et 01850 [(P=0.000) 0n02el [P=0.137) O02al [P=0.542)
Fast Food Restuaants - 0.0407 [P=00%23] - 004 F [P=0008] - 00452 (P=0.010]
Gmcen Rores 00245 [P=0.165] - 00125 [P=0.490] - 00266 [P=0.132]
High- Teok idusty - 00303 [P=0085) - 00142 [P=0.420) 0037 [P=0.03T)
Iuseun s 00238 (P=0.000] 0.1 543 [P=0.000) 00216 [F=0073)
Cfice Buitdings 03188 (P=0.000] 03704 [P=0.000) 0235% [P=0.000]
e Padis - 0.0404 [P=0022) 00481 [P=0017) - OOEET (P=0.056)
Cffice - Miscelameous 02240 [F=0.000] 02582 [F=0.000) 02388 [P=0.000]
Parhs 01347 [P=0.000] HaA - QA3 s [P=0.022)
Playmem s - 00244 [P=0.124] Ha - 00192 [P=0.275]
AReoeational . 0.0323 [P=0067) . 00354 (P=0037) . 00ESE (P00 ]
Restuamnts and Tavems 00712 [P=0.000] 00997 [P=0.000) - 00422 [P=0.017]
Retail - Lame 01785 [F=0.000] 01217 [F=0.000) - 00158 [P=0.359]

Retail - Meighhorrood
VYzcant Femels

0.1 5% [F=0.000]
- 0LOF1 & (P=0.000]

0273 [P=0.000]
HA

00410 [F=0.020)
- 0022 [F=0.000]

Maote: Carrelatiors use the Matural Log of the % of Person Transi Wak Trips
Table 31: Correlations Between Employment Location Land Use and Transit Work Trips

(Controlling for Household Size, Income, and # of Household Vehicles)

The fact that vacant parcel area was negatively correlated with transit use is unsurprising. Transit
requires compact development at destinations. Since the parcels lack a meaningful destination attraction,
their presence should discourage people from using transit to access a given location. The larger the
vacant area, the less attractive the destination. It may also be the case that the greater the number
of vacant lots, the less safe an area feels, in which case travelers may be more inclined to take private

vehicles than public transit.

Fast food restaurants also were also negatively correlated with transit use due to the fact that fast
food establishments tend to be located in areas that are not transit supportive and are auto-oriented
establishments with drive-through windows. These are typically located along arterial roadways with high
traffic volumes, in low-density, unconnected areas with few pedestrian amenities - where it is difficult,
and often dangerous, to walk. Itis this form of fast food restaurant that appears to be responsible for

the negative correlation between fast food and transit use.

b) Household Location Land Use and Transit Use

While the land use at the destination of work trips undoubtedly plays a larger role in encouraging
people to use transit, the research team hypothesized that certain land uses around the household may
be related to increases in transit ridership as well. Table 32 shows the correlations between the land
uses around a person’s place of residence and the percentage of their work trips accomplished using

transit.

The uses at the household location showed weaker overall relationships with transit use than the land

uses at the employment end. All of the land use variables with statistically significant relationships were
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weakly correlated with the percentage of transit trips. The number of restaurants and taverns, with a
partial correlation coefficient of 0.1650, had the strongest relationship. The number of grocery stores
and the rentable square footage of both neighborhood retail and entertainment attractions all entered

with statistically significant partial correlation coefficients at 0.10 or above.

Given that trips are undertaken to accomplish a meaningful trip purpose — in this case, traveling to
work — it is unsurprising that the relationship between transit use and “destination” land uses at the
household trip end are weak. Instead, the household land uses that show the strongest relationship with
transit use are largely those that support a household’s everyday needs — grocery stores, neighborhood
scale retail, restaurants and entertainment attractions. Having these attractions near to transit stations
reduces the need to make automobile trips, because household members using transit are able to make
use of everyday shops and services on their way to and from work. When combined with the availability
of adequate transit service, such an arrangement may make the ownership of multiple vehicles per

household unnecessary.

Lamd Use Type Numb er of Atlrariions Reniahle B ing Area Total Paw el Area

Ciic
Caruerience Stoes

Doctor-Dentist Cifices

Edwueationa!
Entenzinment

Fast Food Restuaants

Grocery Stores
Hich- Teoh fndwstor
Iy sewi s

Cfice Buildings
Cfice Padiz

Chffoe - Misoellaneous

Farlis
Flaygrowrds
Receational

Restuagntz 3rd Taverrs

Retail - Lame

Retail - Meighhorkood

lYzoant Parcels

0.0736 (F=0.000]
00572 (P=0.003)
0.0327 (P=0.077]
0.0240 [P=0.125]
0.0%15 [P=0.000]
0.041 6 [P=0.034]
0,127 (P=0.000]
0.0554 [P=0.003]
0.0045 [P=0.821]
0.0745 (P=0.000]
Ha
0.0074 [P=0.632)
0.0412 [P=0.041]
0.0230 [P=0.075]
- 00046 [P=0514)
0.1650 [P=0.000]
0.0520 [P=0.007]
0.106% [F=0.000]
- 00345 [P=0078)

0.0608 [F=0004]
00532 (P=0003]
00326 (P=0.100]
00210 [P=0.143]
0.1075 [(F=0000]
00377 [P=0055]
0.1900 [(P=0000]
00246 [F=0210]

- 00054 [P=0.756]

0031 [P=0072)
M

- 00034 [P=0.564)

HA
HA

- 00050 [F=0.75%]

01567 (P=0000]

00025 [P=05202]

0.1123 (F=0000]
HA

00254 [F=0.263)
00227 [P=0.244]

- 00002 (F=0.551]

00272 [P=0.221]
0.1103 [P=0.000]
00278 [P=0.133]
0.10%3 [P=0.000]
00261 [P=0.185]
00252 (P=0.201]
00385 (P=0.053]
M A

- 00070 [F=0.720)

00145 [P=0.471]
0.0035(P=0559)

- 00416 [F=0.035)

0.11:34 [P=0.000]
00493 [P=0.014]
00554 [F=0.000]
0.0560[F=0.007]

Mote: Correlations use the Matural Log ofthe % of Person TransitWode Trips

Table 32: Correlations between Household Location Land Use and Transit Work Trips

(Controlling for Household Size, Income, and # of Household Vehicles)

However, it is important to reiterate that the relationships between the land uses at the household end
and transit usage are not very strong, and any influence they have on transit use decisions are probably
minor. Nonetheless, the correlation results presented here suggest that the ideal land use pattern
for encouraging transit use for the trip to work would be a limited number of secondary, household
supporting land uses at the household end of the trip, and a large number of work destinations, as well

as secondary shopping and entertainment attractions, on the employment end.
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Box 3: Interpreting Regression Models

Regression models are useful for explaining how a variety of independent variables affect a dependent variable.
Beta coefficients describe the strength and direction of the relationship between each of the independent variables
and the dependent variables. Higher beta coefficients indicate stronger relationships. The beta coefficient provides
a measure of the strength of the relationships between the independent and dependent variables when controlling
for the effects of the other variables included in the model. Perhaps even more useful for planners, however, beta
coefficients can also be used to predict how altering one of the independent variables, such as the amount of retail
floor space, will affect the dependent variable, walking rates, giving planners a measure of the possible impacts of

future decisions.

The R? value tells how much of the total variance in the dependent variable is explained by the model itself —i.e.,
how much of the differences in walking can be explained by the various household and land use measures that
comprise the model. Values for R*can range from 0 to 1, with a value of 1 indicating that the model perfectly
explains the dependent vatiable. While R? values close to 1 atre desirable, social scientists have a difficult time
obtaining strong R? values in practice. Data on human behavior is impetfect, and humans are unpredictable
creatures. Still, given these limitations, regression models are a highly useful tool for investigating the relationships

between people and their environment.
D. Transit Logistical Regression Analysis

Logistical regression analysis was used to investigate the odds of someone reporting at least one
transit trip over the two day survey reporting period. Table 33 shows neighborhood design around both
home and work are important predictors in the choice to commute by transit. Distance to bus stops
or stations also an important predictor of transit use. Over a two-day period the odds of someone
reporting a transit trip to work decreased by 16 percent® with each 1/4 mile increase in the distance to
transit from home and 32 percent with each 1/4 mile increase in the distance to transit from work. Each
additional vehicle per household was associated with a 45 percent decrease in the odds of taking transit

to work.

5 Odds are determine by subtracting one from the Exp(B) value and multiplying by 100: (Exp(B) -1)*100.
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Independent Variables B S.E. Wald df Sig. Exp(B)
Income —household, annual3 -.100 .042 5.740 1 .017 .905
Vehicles per household -.589 .085 48.003 1 .000 .555
Distance to nearest bus stop
from home -- categorical4 il Ok e ! 004 843
# of single family parcels at -.006 002 12,433 1 000 094
work
# of grocery parcels at work .280 .110 6.449 1 .011 1.324
i O @ie3 [EUlEling) BEEels .039 .005 71.984 1 .000 1.039
work
V#Vg:ko‘cf'ce misc. parcels at 057 .007 77.097 1 .000 1.059
# of parks parcels at work .169 .066 6.466 1 .011 1.184
# of restaurant parcels at work -.130 .029 20.680 1 .000 .878
# of vacant parcels at work -.032 .011 8.099 1 .004 .969
Distance to nearest bus stop
from work — categorical5 -.387 165 5.494 1 .019 .679
Quartiles of residential density
(units per residential acres) at .328 .067 23.767 1 .000 1.389
work
Constant .280 .686 .166 1 .684 1.323

Table 33: Take Transit or Not — Logistical Regression (valid N (people, listwise) =2,934)

The tables below provide descriptives for the variables used in the transit logistical regression model.

Variables N (people) | Minimum | Maximum Mean De\?it:t.ion
Did the person make at least one

WORK trip by BUS over the two 12,658 0 1 0.033 0.179
day survey period?

Income —household, annual6 12,658 11 18 16.050 1.793
Vehicles per household 12,658 0 8 2.230 1.129
# of single family parcels at work 3,797 0 594 46.939 88.344
# of grocery parcels at work 3,797 0 4 0.223 0.597
fvg;‘kofﬂce building parcels at 3,797 0 58 8.807 12950
# of office misc parcels at work 3,797 0 63 1.552 7.107
# of parks parcels at work 3,797 0 7 0.325 0.815
# of restaurant parcels at work 3,797 0 18 1.508 2.461
# of vacant parcels at work 3,797 0 151 7.831 9.732

Table 34: Table 18: Descriptives of Continuous & Categorical Variables Used in Transit Logistical
Regression
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Distance categories
to nearest bus stop N Minimum | Maximum
from home

1 6,638 .01 .25

2 2,569 26 50

3 1,231 51 75

4 708 .76 1.00

S 2,786 1.01 20.49

Table 35: Descriptives of Bus Stop Distance Ranges for Home Buffer

Distance categories to N (people) Mini_mum Maximum
nearest bus stop from work (miles) (miles)

1 3,892 .01 .25

2 464 .26 .50

3 210 .51 .75

4 93 .76 1.00

5 212 1.01 14.64

Table 36: Descriptives of Bus Stop Distance Ranges for Work Buffer

Quartiles of
residential density
(units per residential

acres) at work N (people) | Minimum | Maximum
1 1,009 .00 .00
2 860 .01 2.41
3 927 2.43 6.08
4 933 6.08 98.75

Table 37: Descriptives of Residential Quartiles for Work Buffer

E. Transit Linear Regression Analysis

Building off of the origin and destination based partial correlation assessments shown above, linear
and logistical regression models were developed to test the effect of parking cost, relative travel time
between transit and auto, and land uses at the quarter mile buffer level at the origin and destination

ends of work trips on transit use. When viewing the models below, it is important to recall that an

environment that supports walking also supports transit use.

Table 38 presents a three-stage multiple regression model predicting the variation in the number of

work based transit trips per person in the survey.
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Coefficients 2

Unstandardized Standardized

(Constant) .307 .058 5.264 .000
Income - 8 Categories -.006 .004 -.034 -1.612 107
Total Vehicles -.052 .005 -.202 -9.622 .000
(Constant) .339 .056 6.095 .000
Income - 8 Categories -.010 .003 -.059 -2.988 .003
Total Vehicles -.036 .005 -.141 -6.987 .000
MIX2 .054 .003 .341 17.977 .000
# Restuarants h .006 .003 .038 1.956 .051
(Constant) 293 .055 5.375 .000
Income - 8 Categories -.012 .003 -.069 -3.551 .000
Total Vehicles -.030 .005 -116 -5.815 .000
MIX2 .018 .006 110 3.009 .003
# Restuarants h .006 .003 .041 2.124 .034
TAZ-idw-daily parking

cost, work-- from 784E-05 .000 .081 3.247 .001
MDPARKDA file

ED_TOT 102E-05 .000 .091 4.844 .000
Sﬁ'ce Building Rent Area fo \2¢ og .000 217 6.173 .000
Net Residential Density w .003 .001 .082 4.108 .000

Increases in income and total number of household vehicles are associated with reduced transit usage.
These two variables explained .046 percent of the variation in per capita transit use. The addition of
land use mix (increased mix means more evenly distributed rentable area between retail, residential,
entertainment, and office uses) and the number of restaurants and taverns at the place of residence
increased the explained variation in the proportion of transit trips for work to 16.3 percent. Finally, the
addition of workplace variables including daily parking cost, employment density, rentable office space
and residential density increased the explained variation in the proportion of trips on transit to just over
20 percent. Fach of the land use measures and parking costs were positively associated with transit
use, whereas the two demographic factors, income and number of vehicles, were inversely associated
with transit use. Additional research was done to assess the likelihood of taking transit to work based

on demographic and urban form factors. The results of this logistical regression model are presented

in Table 39.

Table 38: Linear Regression Results - Proportion of Per Capita Work Trips on Transit
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Variables in the Equation

Step TOTVEH -.519 .077 45.283 1 .000 .595
1 INCOMES8 -.101 .040 6.383 1 .012 .904
NETDENSW .014 .005 6.541 1 .01 1.014
OBRAREAW .000 .000 5.815 1 .016 1.000
EBUSSTOP .056 .007 56.578 1 .000 1.058
ED_TOT .000 .000 26.900 1 .000 1.000
PARKSW 17 .066 3.145 1 .076 1.124
DPARKW .001 .000 24.905 1 .000 1.001
Constant -.739 .603 1.502 1 .220 477

Table 39: Logistical Regression Results - Proportion of Per Capita Work Trips on Transit

Results of this model can be interpreted into specific odds of taking transit based on the numbers of
vehicles orincome level per household. In this model, only urban form factors at the place of employment
were found to be significant in predicting the likelihood of taking transit for work purposes. Net
residential density, rentable area for office use, number of bus stops per square kilometer, employment

density, number of parks, and the daily cost of parking at the place of employment were each found to

be significant predictors of transit use.

IV. LAND Use AND HouseHoLD VEHICLE MiLEs / VEHICLE HOURs TRAVELED

Vehicle miles traveled (VMT) and vehicle hours traveled (VHT) are two conventional measures used
by transportation planning agencies in evaluating the performance of the regional road network. While
used similarly, these measures differ distinctly in their ability to capture the effects of transportation
improvements. In this study VMT and VHT are measured at the household level, and corresponding

measures of urban form are assessed at the place of residence in the following analyses.

VMT measures the number of vehicle miles generated by a person, a household, or a region and
relates to the relative accessibility of trip destinations: the closer the distance between complementary
destination attractions, such as home and work, the lower the amount of VMT that needs to be
generated. Reductions in VMT can be theoretically achieved by mixing complementary land uses
together, increasing the directness of routes, and encouraging switches to alternative modes, such as
transit, bicycling and walking, Carpooling likewise can have a significant effect on VMT. Since additional
travelers are included in a single vehicle trip, a two-person carpool can theoretically reduce VMT by up
to 50 percent over the VMT that would have been generated had these individuals each traveled in their
own vehicle (Ewing 1995).

While VMT is a useful measure of system performance, it fails to account for the amount of congestion
on a road network. Assuming that an individual’s journey to work is ten miles, the amount of time it
takes to travel this distance can vary significantly depending on the level of roadway congestion. In free-

flowing conditions on the Interstate, a trip could be accomplished in ten minutes. On congested local
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routes, the same trip could easily take 30 minutes or more.

Because of the inability of VMT to capture the effects of network congestion, VHT is often used
as a complementary measure to describe vehicle travel. A second advantage of VHT over VMT is its
ability to better capture the experiential aspect of travel — people typically evaluate their travel in terms

of time, rather than distance.

Correspondingly, VHT may be a useful measure for quantifying a region’s quality of life. While some
individuals may enjoy traveling for its own sake, it is reasonably safe to assume that, on the whole,
most people would prefer to have the time available for meaningful activities, such as spending time
with their families or pursuing recreational activities. The longer the amount of time needed to access
a destination, the less the amount of time there is actually available to accomplish those meaningful

activities.

To understand the role that land use mixing near households can play on VMT and VHT reduction,
the research team examined the effects of land use mixing on these variables at two levels of analysis
— at a quarter-mile distance from survey households, which corresponds to conventional notions of
“comfortable” walking distance, and secondly, at a two mile distance from survey households, which

translates roughly to a five minute drive.

A. Vehicle Miles Traveled

The distribution of household VMT is shown in Figure 33 below. The typical survey household
generated 63 vehicle miles of travel® on an average day, based on estimated travel distances. Thetre was
a wide range of values for household VMT, with two thirds of households in the sample generating

between 7 and 119 miles of travel over the two-day survey period (a standard deviation of 56 miles).

6 Vehicle travel does not include travel by the following modes provided by survey participants walking, bicycle, ferry, other,
don’t know.
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Figure 33: Household Vehicle Miles of Travel (household, daily average, estimated)

The majority of households generated VMT at or below the average value, with a smaller number
of households producing much larger amounts. We suspected that this skewed distribution of VMT
reflected the spatial distribution of the population as a whole — the majority of households in King County
are clustered near core areas such as Seattle and Bellevue, with population densities tapering off outside
these areas. Since households living near core areas have access to a greater number of destinations, they
generate lower VMT since shorter travel distances are required to accomplish household trip purposes.
For the subsequent statistical analysis, the natural log of VMT was computed in order to normalize this

distribution.

1. Correlations between VMT and Land Use Mixture near the Household

As a preliminary step to understanding the influence that land use mixing can have on household
VMT, the research team examined the correlation between VMT and two urban form wvariables at
the quarter-mile buffer level — net residential density and street connectivity — when controlling for

household size, income and the number of household vehicles. Table 40 shows these results.
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Desion hMeasure

Correlation Coeffic fent

Mt Residestia! Densidty
Street Cormecl wity
Sidenail Deraity

- OD4Eg (P=0017)
- 00534 (P=0007)
- 00104 (P=0400)

Table 40: Correlations between VMT and Neighborhood-Design Variables

(Controlling for Household Size, Income and # of Houschold Vehicles)

Both variables were negatively correlated with household VMT, meaning that as residential density and
street connectivity increases, household VMT declines. Both were significantly correlated - however,

their correlation results were weak — -0.0468 and -0.0534, respectively.

Since walking can substitute for automobile travel at distances of a quarter mile or less, the research
team wanted to control for any VMT reduction which might be associated with mode substitution in
walkable areas. As was shown eatlier in the walking analysis, increased street connectivity was somewhat
related to increased walking rates. Therefore, when examining the relationships between VMT and
the land uses within a quarter mile of the respondents’ households, it was necessary to control for
the effects of this connectivity. As with earlier steps, the correlation analysis here also controlled for

demographics, including household size, household income, and the number of automobiles available.

Finally, the analysis again examined the three different approaches to measurement of land use
described eatrlier: the number of unique attractions by each use, the total rentable floor space by use,
and the total parcel area of each use within a /4 mile of each household. Table 41 shows these initial

correlation results.

When examined independently of one another, the land uses with the strongest significant correlations

Land TTse Type DPhmoh er of Atiractions Rentahle Build inr Avea Total Parcel Atea
Civio - 0.0%28 [F=0.000] - 0.0%40 [F=0000] - 00420 [F=003Z2)

Correnierce Stoes
Doctor-Dentist Chiffces

- 0.0522 [P=0.003)
- 0.05%6 [P=0.000]

- 0.0442 [P=0024)
- 0.074% [P=0.000]

- 00509 [P=0010]
- 00448 [P=0022)

Edue ational - 0.0%52 (P=0.000] - 0.043 [P=0027) - 00200 [P=0.000)
Ertertaitment - 0.030% [P=0.115] - 0.023% [P=0224) -00018 [P=05726)
Fast Food Restuzrants - 00474 [P=0.016] - 00451 [P=0022) - 00452 [P=0021]
Gmoery Shores - 0.0%05 [P=0.000] - 00245 [P=0.000) 00725 [P=0000)
High-Tech idustry - 0.0462 [P=0.01%] - 0.0475 [P=0015) - 00637 [P=0001]
Museums - 0.0040 [P=0.741] -0.0081 [P=0421] -00257 (P=0.150)
Offce Bwiklines - 00778 [P=0.000] - 0.0705 [P=0.000] - 00636 [P=0001]
Office Parks - 0.0142 [P=0.457] 00147 [P=0375] 0.0015 [P=0.740]

Office - Wiscellaneous

- 0.0302 [P=0.123)

-0.0301 [P=0.124)

-0.0231 [P=0.102)

Farks - 0.0580 [P=0.003) M A - 00564 [P=0.004)
Playgmumds - 0.0153 [P=0.425) A - 0.0038 (P=0.544)
Recmational 00124 [P=0.528) - 0.0260 [P=0.184) 00358 [F=0.044)

Aezstuvaramts and Tavems

Retail - Lame
Aetail - Meighborrood
l'ze ant Famels

0.0553 [P=0.005)
0.047& [P=0.001)
00663 [F=0.001)
0.0266 (P=0.175)

-0.0530 [P=0007]

- 00525 [P=0004)

- 0.0747 [P=0.000]
M A

- 0.0452 [P=0.014]
- 0.0458 [P=0.020)
- 00457 [P=0.011]
- 0.0302 (P=0.124)

Table 41: Correlations between Land Use Measures at the Household End and Household VMT

(Controlling for Household Size, # of Houschold Vehicles, and Street Connectivity)

to reductions in household VMT were:
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*  The Number of Educational Facilities

*  The Number of Grocery Stores

*  The Floor Space of Civic Uses

*  The Rentable Floor Space of Doctor and Dentist Offices

*  The Rentable Floor Space of Neighborhood Retail Attractions
*  The Number of Large Retail Attractions

*  The Number of Convenience Stores

*  The Number of Fast Food Restaurants

While individual uses appear to be significant predictors of travel distance, these measures fail to
account for the interplay between the uses themselves. The combination of a variety of uses in one area
most likely influences the correlation between individual uses and household VMT. As expected, most
of the variables were negatively correlated with household VMT. Of these variables, the most strongly
correlated land uses proved to be the number of educational facilities, the number of grocery stores, the
rentable area of civic space, the rentable area of doctor and dentist offices, the number of commercial

office buildings, the number of large retail attractions, and the rentable area of neighborhood retail.

Taken independently, however, none of the variables had a very strong relationship with reductions
in household VMT — indeed, the most strongly correlated variable, the number of educational facilities,
had a partial correlation of only 0.0958. While their individual results may not have been strong, we
expected that collectively, land use mixing should show a moderate to moderately strong correlation

with reduced vehicle travel demand.

2. ANOVA analysis of VMT controlling for demographics

Based on an analysis of variance (ANOVA) statistically significant differences in VMT across urban

form quartiles at the one kilometer buffer level were found, even when controlling for demographics,

vehicle and transit availability (Table 42).

The greatest differences in VMT were observed across levels of intersection density, where mean
VMT was 34 miles per person in the least and 25 miles in the most connected environments of King
County. This represents 26% fewer vehicle miles of travel for residents who live in communities that

have the most interconnected street networks in the county.
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Urban L .
Form VMT (miles, per capita daily estimated S_tat_ls_tlcs across . urban form qgartlles
Fact marginal means) (individually considered), controlling for
actors gender, income, age, education, total
household vehicles, distance to nearest
bus stop
Quartiles of Urban Form Variables7
Partial-Eta
1 2 3 4 F-value Signif. squared
Retail Floor
Area 30.16 30.48 30.50 25.57 15.223 | 0.000 0.008
Intersection
Density 34.03 28.83 30.01 25.46 21528 | 0.000 0.011
Residential
Density 29.77 29.14 28.13 27.17 3.135 0.024 0.002
Mixed Use 32.26 30.38 27.94 27.15 9.265 0.000 0.005

Table 42: VMT Across Urban Form (ANOVA analysis)

Table 43 indicates the values ranges for each variable’s quartiles, as used in the ANOVA analysis

above.

Urban Form Factors

Quartiles of Urban Form Variables

(1km road-network- 1 2 3 4

based household buffer)

Min. Max. Min. Max. Min. Max. Min. Max.
Retail Floor Area 0.00 0.00 0.00 0.14 0.15 0.33 0.33 3.53
Intersection Density
(# per square kilometer) 000 | 2756 | 2778 | 4335 | 4337 | 5871 | 5875 158.93
Residential Density
(housing units per net
residential acre)

0.95 2.07 2.07 3.02 3.02 4.85 4.85 126.84
Mixed Use -3.25 0.20 0.20 0.28 0.28 0.36 0.36 0.84

Table 43: Quartile Ranges of Urban Form Variables Used in VMT ANOVA

3. Regression analysis of VMT

To test the effect of changes in variables on household VMT, the research team developed a multivariate

linear regression model that tested all of the significantly correlated variables. Table 44 illustrates the

results for the “best fit” model.
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Variah ke Beta Coefficients Aignificance
Houzehald Size 0173 0000
Houzebald Income 0154 0000
Houzekald Wehicles 0170 0000
# Comvenience Stores -0037 0045
# Educatiornal Facilitiesz -0.071 0000
# Parks -0.042 0024
# Groceries -00&7 0000

Dependent Variable: Matural Log of W T

R2=101%5
Humber of Ohiervations = 24462

Table 44: Regression Model for Household Vehicle Miles Traveled

a) Model Results

The best-fit model explained 19.5% of the variance in rates of vehicle miles of travel among survey
households. Of the variables entering into the model, the household-level control variables, which
included household size, income, and number of vehicles, had moderate positive relationships with
household level VMT. In other words, as the household size, income, or number of vehicles increases,
so does household travel demand. This finding is unsurprising. More individuals create higher overall
travel demand as these additional household members go about their personal business; higher incomes

or a greater number of vehicles translates into increased ability to travel by a personal vehicle as well.

Several land use variables at the quarter mile buffer level were also significant in the model with
negative beta coefficients, indicating that they were responsible for decreasing household VMT. The
number of grocery stores, educational facilities, parks and convenience stores all accounted for weak,
but significant, decreases in VMT. The weakness of their influence is not surprising given that these trip
purposes account for only a small share of the number of trips generated by a household. Moreover,
since these trips are typically shorter than work trips, dramatic reductions in VMT resulting from the
presence of these uses would have been unlikely. Nonetheless, their presence in the model does account
for statistically significant reductions in VMT, and in areas with concerns about diminishing air quality

and increasing congestion, their influence may be important.

(1) On Educational Facilities

Because public school children are typically assigned to the school closest to their home, the presence
of nearby educational facilities appears to reduce household VMT by reducing the distance parents need
to travel to drop off or pick up their child. Further, because these facilities are within a quarter-mile
of the survey households, it is equally as likely that the drive trips are replaced entirely by walk trips
— in other words, rather than needing to be driven to school, children have the ability to walk or bike,

eliminating an automobile trip completely.
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(2) On Neighborhood Grocery and Convenience Stores

Both groceries and convenience stores are household-sustaining uses, and their significant entry into
the model is unsurprising. While the frequency of trips to these destinations are typically sensitive to
distance (closer stores are visited more often), closer proximity of these uses to household locations will

mean that shopping trips are generally shorter.

(3) On Parks

That parks should enter significantly to the model is surprising. We suspect that the influence of
parks on household VMT is in fact a proxy effect — the presence of nearby parks may encourage people

to shift modes overall from driving to walking or bicycling for some trip purposes.

B. Vehicle Hours Traveled

The typical survey household generated two hours of travel per day’ on an average day, based on
estimated travel times. There was a relatively wide distribution in the total hours of household travel,
however, with two-thirds of houses generating between 0.3 and 3.7 hours of vehicle travel over an

average period (a standard deviation of 1.7 hours). The distribution is shown in Figure 34.

7 Vehicle travel does not include travel by the following mode categories from which survey participants could choose:
walking, bicycle, ferry, other, don’t know.
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Figure 34: Household Vehicle Hours of Travel (household, daily average, estimated)

1. VHT and Land Use Mixture near the Household

The natural log of VHT was used to normalize the distribution of values in the subsequent analysis.
As was the case with VMT analysis, household VHT was first tested against net residential density and
street connectivity. Mixed use is assessed separately in a subsequent analysis. Table 45 lists the partial
correlation coefficient for these variables when controlling for the effects of household size, household

income and the total number of household vehicles.
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Neither urban form variable proved to be significantly correlated with household VHT. To better
understand the relationship between individual land uses and household VHT, the team correlated
the individual land uses with VHT while controlling for the effects resulting from household level
variables: household size, income and the number of automobiles available. Given the lack of significant
correlations, no urban form variable controls were included in this correlation analysis. The same three

dimensions of land use were employed, as in eatlier analyses. Table 46 shows these initial correlation

results.

Desien M easure

Cornrelation Coefficient

MNet Heskdential Den sy
Street Connecticgy
Side wealk Den sity

GOz1 4 [FP=0.27 4]
SOO2TR (P=0.182)
-0 O00s [P=09FE)

Table 45: Correlations between VHT & Neighborhood-Design Variables

(Controlling for Household Size, Income, and # of Household Vehicles)

Land Use Type

Thumbrer of Atirar Hone Renahk Bulding Atea

T otal Pael Area

When examined independently of one another, the land uses with the strongest significant correlations

Ciui

Cor nerisrce Shores
DoctorDemtizt Cfffoes
Educationa!
Erlertaita et

Fast Food Restuaams
Gmeeny Hoes

High- Tech frdusty
IWume =

Chifice Buidings

Chfice Packs

Cifice - Wiscelamous
FParks

Fla yomemd s
Recrealonal

Restuaants and Tavems

Featail - Lame
Ratail - Meighhodrood
Yzcant Famels

- 00397 (P=0047)
- 00303 (P=0.132)
- 00535 [P=0002)
- 00474 (P=01014)
- 00130 (P=0.520)
- 00520 (P=0010]
- 00437 (P=0002)
- 00130 (P=0.520)
0.01 54 [P=0.440]

- 00446 (P=0027)
- 00181 (P=0367)
- 00222 (P=0270)
- 00364 F=0071]
- 00007 (P=05774)
0.0042 [P=0233)

- 00355 (P=0075)
- D0ZF7 (P=0235)
- 00374 (P=0051]
- DO0EF (=065

- 00432 (P=0022)
- 00Z31 (P=0251)
- 00336 [P=0055]
- 00193 (P=0322)
- 00154 (P=0361]
- 00434 [P=0014]
- 00876 (P=0003)
- 00345 (P=0.054)
0.0034 [P=0267]
- 0007 (P=0.125)
- 00154 (P=0362)
- 00222 [P=0247)

MA

MA
00182 [P=03247)
- 00345 (P=0054)
00113 [P=0.575)
- 00434 (P=0021]

HA

00170 (P=0.272)
00261 (F=0.196)
- 00356 [P=0.077]
- 00433 (P=0.022)
00121 [P=0.548)
- 00474 [P=0.017]
00801 (P=0.013)
00316 (F=0.116]
00155 [P=035%)
00312 (F=0.122)
00081 (F=0.657)
- 00247 (P=0.221)
- 0036S (F=0.085)
- D0Z80 (F=0.214]
- 00114 (P=0.570)
- D025 (F=0.141]
- D0EF7 (F=0.208)
- 00374 (P=0.083)
- 0000% (F=0.582)

Table 46: Correlations between Land Use Measures & Household VHT

(Controlling for Household Size, Income, # of Household Vehicles, and Street Connectivity)

to reductions in household VHT were:

Number of Grocery Stores

Number of Doctor and Dentist Offices

Number of Educational Facilities

Number of Fast Food Restaurants
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2. Regression Analysis of VHT

Once the correlations between land uses and household VHT were identified, a regression model that

would best explain household VHT was developed. Table 47 shows the results of the ‘best fit” model.

Variahle Beta Coefficienis Significance
Houzehold Ske 0255 L0000
Houwzehold Income 0135 L0000
Houzehold Wehiclesz 0230 L0000
Fet Residential Derngity 0.052 Q.010
# Grocenes -00a7 0003
# Fast Food Restaurants -0042 0023
# Educatiornal Faciities -0.040 0032

Dependent Wariable: WHT

Rz = 0240
FHumbear of Okbsercaticons = 2424
F Statietic=108.71

Table 47: Regression Model for Household Vehicle Hours Traveled

The best-fit model explained 24% of the variance in rates of vehicle hours of travel among survey
households. As with VMT, household VHT increases as household size, income, or number of vehicles
increases. The urban form measure of net residential density proved to be positively, but weakly,
correlated with VHT. This is undoubtedly due to the fact that more households generate a greater
number of trips, increasing local congestion and decreasing travel speeds. This decrease in travel speed
lengthens the amount of time necessary to access a destination, even if the destination is relatively close
by. While this may at first surprise those advocating higher developmental densities, it is important to
recognize that increased density also brings increased local traffic congestion. This is not necessarily
a bad thing. Although higher density increases travel time, it also supports the land use mixture that

reduces travel distance and encourages non-motorized modes such as walking and biking.

The three land use categories entering significantly and negatively into the model were the number of
grocery stores, educational facilities and fast food restaurants within a quarter mile of the household’s
location. All of the variables had relatively weak beta coefficients, however, ranging from -0.04 to -
0.057. The reduction in household VHT due to the proximity of educational facilities appears to be due
to the fact that parents can minimize additional trip distances when dropping children off at school, or

that school vehicle trips are eliminated entirely because of a child’s ability to walk to school.

That the proximity of grocery stores did not show a stronger relationship with reductions in household
VHT is at first surprising since grocery trips are necessary to sustain a household, and one would have
expected the presence of nearby groceries to reduce or eliminate vehicle trips altogether. A closer
examination of the characteristics of grocery trips appears to explain the weakness of the measure,
however. The frequency of grocery trips tend to be sensitive to distance. Where grocery stores are

not conveniently located near one’s household, we suspect that individuals needing to travel to these
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locations make fewer trips, but purchase a greater quantity of items, thereby increasing the period of
time before they are required to travel to the grocery again. Conversely, individuals with grocery stores

near their homes tend to make more trips, picking up items as they are needed.

Increasing the number of fast food restaurants within the quarter mile household buffer significantly
decreases the amount of VHT generated by a household. That there should be any positive benefit
associated with the presence of fast food restaurants seems to fly in the face of the conventional
planning concept of a “livable” neighborhood. Nevertheless, to the extent that lowered household
VHT is an important feature of more livable neighborhoods, it appears that fast food restaurants may

not be entirely undesirable.

V. ReLATIONSHIPS BETWEEN LAND Usg, URBAN FORM AND EmissiONS

As described earlier in the methodology, emissions for all trips reported by King County residents
in the 1999 Puget Sound Regional Household Activity Survey were modeled using the Puget Sound
Regional Travel Demand Forecasting Model and the US EPA emissions modeling software, MOBILE
6.2. Emissions were first calculated at the trip component level, then aggregated to the trip level and

summed for each person’s and household’s two days of travel.

A. Description of Modeled Trip Characteristics

Trips which use the freeways make up 40% of trips using the roadways®. Most trips use a combination
of arterial and/or local roads. As expected, trips over the freeway system were substantially longer than
those making use of the other surface streets. Table 48 shows the substantial difference in average trip
length between the two groups of trips (13.6 miles versus 3.3 miles). The mean total distance for all

trips by all road using modes was 7.5 miles.

. % of Trip Mean Distance (miles) Total
Trip route trip
LiaCE LS N (trips) Freeway Arterial Local length
Freeway
and/or arterial 20,816 59.4% 36.5% 41% 13.6
and/or local
streets
Only arterial
and/or local 30,738 0.0% 86.5% 13.5% 8.3
streets
All trips 51,554 43.6% 49.8% 6.6% 7.5

Note: does not include walk, ferry, other, don’t know/refused modes.

Table 48: Proportion of on-road trip distance allocated to freeways, arterials and local roads

As documented in Chapter III, emissions were estimated based on roadway characteristics. These

data show that the majority of distance was travelled on arterials.

8 Modes which use the roadway do not include walk, ferry, other, don’t know/refused.
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B. Criteria Pollutants and Urban Form

All trips reported by King County households in the Puget Sound Household Activity Survey
were modeled at the trip component level. Following this, emissions factors for the three criteria air
contaminants (CACs) — VOC, CO and NOx — were applied, and emissions data were aggregated at the
mode, trip and person level. A summary of emissions by trip and mode are provided in Table 49 and

Table 50.

Number of Trips Min (g) Max (g) Mean (g) S.D.

voC 56,032 0 60.71 3.07 3.02
NO, 56,032 0 148.53 6.01 10123
CcO 56,032 0 1272.76 58.14 65.06

Table 49: Trip Level and Two Day Total Emissions of Criteria Air Contaminants among Survey
Participants

Among King County participants in the survey, the average trip produced 3.07g of VOC, 6.01g of
NO,, and 58.14g of CO. Over the two-day survey period in 1999, travel within King County by survey
participants resulted in total emissions of approximately 172kg VOC, 337kg NO , and 3,258kg CO.

Mode Number of Trips Mean VOC (grams) Mean NO_(grams) Mean CO (grams)
Auto driver 34,822 4.03 7.90 76.92
Auto passenger 12,156 2.28 4.21 41.91
Walk 4,114 0.00 0.00 0.00
Bus (Public Transit) 1,960 0.38 1.69 9.24
School bus 1,104 0.65 2.71 14.07
Bicycle 700 0.00 0.00 0.00
Carpool passenger 507 1.99 4.00 39.02
Ferry/Passenger boat 210 0.00 0.00 0.00
Vanpool passenger 101 1.20 2.95 27.04
Carpool driver 97 2.02 4.47 40.56
Motorcycle, moped 50 22.95 9.12 109.60
Taxi/paid limo 31 5.40 16.35 126.29
Vanpool driver 26 0.79 1.73 16.14

Table 50: Mean Trip Level Emissions by Travel Mode

The vast majority of respondent trips were taken by automobile, and this mode was also responsible,
for the most part, for the highest per trip rates of emissions for the three pollutants measured. Exceptions
include high levels of VOC emissions for motorcycles and mopeds, and high levels of emissions overall
for taxis and limousines. Clearly, however, automobiles are the greatest contributor to King County trip
level emissions, which suggests that any land use and urban form measures which influence VMT and

VHT will also influence overall trip emission rates.

A few issues revealed in the table above suggest caution in the interpretation of results. Of particular
concern are the emission results for school bus and bus transit trips. Emissions for these trips are
sensitive to assumptions regarding occupancy and average speed. Off-peak occupancies were assumed

to be 20 persons for both bus modes, and peak occupancies were assumed to be 50. Also, travel speeds
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tfor both transit and school buses were assumed to be the same as the modeled link average speed.
Reality may show that speeds for these modes are actually below average; overestimation of these

speeds in the model could result in elevated estimations of NOx emissions for these two modes.

1. Relationships between CAC emissions and land use and urban form
near the household and place of employment.

Once person-level data on trip related CAC emissions were assembled, analyses were conducted to
identify relationships between these emissions resulting from trips to work and land use and urban form
characteristics at the household and employment locations. At present, the region is more focused on
strategies to reduce VOC:s, therefore the results presented below are for VOC emissions only. Unlike the
partial correlations employed in previous analyses detailed in this report, the initial examination of the
relationships between CAC emissions, land use and urban form was conducted using ANOVA. The
following sections graphically display emission levels in relation to urban form and land use variables,
and present the results of ANOVA analysis of these relationships. Note that in each analysis the
difference in at least one pair of mean values is statistically significant. The data set used for these
analyses consists of average daily emission totals per person from all polluting trips (all purposes) made

by those people who both live and work in King County.

a) Intersection Density at the household location

The research team hypothesized that, since intersection density showed a significant correlation
with walking trip rates, this urban form variable should also show a relationship with person level trip
emissions. As Figure 35 shows that mean VOC emissions decrease with increasing intersection density
at the one kilometer household buffer level’. As shown in Table 51, the ANOVA results, controlling for
gender, income, age, education level (bachelors degree or not), and total number of household vehicles,
indicate that the differences in mean person level trip emissions at different intersection densities are
not random (significance: p<0.001). Households with fewer than 36 intersections per square kilometer
generated approximately 17.5 grams of VOCs per person per day, whereas those with more than 69
intersections per square kilometer generated about 14.4 grams of VOCs per person per day. Similarly,
mean emissions of NOx declined from 29 to 23 grams per person per day, a 21 percent reduction,

between residents of the least to the most connected environments'".

9 This result is based on the sample population of those people who live AND work in King County.
10 This result, unlike the others, is based on people who live in King County, but who could work anywhere in the four
county study area.



Chapter IV

Next, the research team examined the relationship between person-level trip emissions and the total
floorarea of neighborhood retail attractions.'' As Figure 36 shows, person level VOC emissions decreased
with increasing floor area totals of neighborhood retail attractions at the employment location, a finding
confirmed to be significant by an ANOVA analysis (Table 52). This analysis suggests that about 150,000
square feet of retail use within one kilometer of where people work is required before significant

VOC reductions are observed. For work environments, the amount of retail was the best utban form
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Household Buffer Quartiles: Intersection / sq. km
Figure 35: VOC Emissions and Intersection Density at 1km Household Buffer
Type lll Sum Mean .
HELE of Squares g Square 7 Sig.
Corrected Model 11519.08958 8 1,439.886 19.714 0.000
Intercept 751.1779394 1 751.178 10.285 0.001
Gender 635.3727715 1 635.373 8.699 0.003
Income (annual, household) 1044.209552 1 1,044.210 14.297 0.000
Age 320.2551342 1 320.255 4.385 0.036
Education level 520.5441024 1 520.544 7.127 0.008
Vehicle per household 1855.267341 1 1,855.267 25.401 0.000
IEREEEen ARy GUEES 2952.679137 3 984.226 13.476 | 0.000
(home location, 1km buffer)
Error 179527.8565 2458 73.038
Total 830455.7106 2467

Table 51: VOC (gram per day per person) ANOVA results

(1) Number of Neighborhood Retail Attractions

predictor of VOC generation.

11

A neighborhood retail attraction is considered to be a single building less than 100,000 square feet in floor area.
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Figure 36: VOC Emissions and Number of Neighborhood Retail Attractions within 1km Work

Buffer

Type lll
Source S)S:n of df sMean F Sig.

Squares quare
Corrected Model 10796.81 7 1,542.401 20.973 0.000
Intercept 403.4459 1 403.446 5.486 0.019
Gender 622.1632 1 622.163 8.460 0.004
Income (annual, household) 1753.715 1 1,753.715 23.846 0.000
Age 469.7528 1 469.753 6.387 0.012
Vehicle per household 2163.078 1 2,163.078 29.412 0.000
Neighborhood retail floor area
quartiles (work location, 1km
buffer) 2394.208 3 798.069 10.852 0.000
Error 178856.5 2432 73.543
Total 823697.9 2440

Table 52: VOC (gram per day per person) ANOVA results

2. CAC Regression Analysis

After confirming individual relationships between urban form and land use variables and person-level
trip emissions, the research team developed a multivariate linear regression model to further investigate
the relationship between independent land use and urban form variables and person-level trip emissions,
while controlling for household vehicle ownership and income. The dependent emissions variables
were converted to log values to facilitate their analysis. The particular measure chosen to represent the

independent variables (number of attractions by use, rentable area by use, or total parcel area by use)
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were selected based on their performance in previous analyses. ‘Best fit” regression models for both the

employment and home locations for VOC and NO_emissions are presented and discussed below.

a) Employment Location Analysis

Table 53 and Table 54 show the regression results for VOC and NOX emissions. For the most part,

land uses were entered into the employment location models using rentable area measures.

Variable Beta Coefficient Significance
Total number of household vehicles 0.072 0.000
Income — 8 groups 0.039 0.000
Office building rentable area -1.360E-08 0.000
Office miscellaneous rentable area -1.501E-07 0.000
Neighborhood retail rentable area -2.454E-07 0.000
Ratio of dwelling units to neighborhood retail attractions -9.149E-05 0.003
Vacant parcel area 1.543E-07 0.000
Constant 0.641 0.000

Table 53: Regression of household demographics, land use and urban form (quarter mile buffer
level) against person-level VOC emissions

(Dependent Variable: log10VOC (R2 = 0.153))

Variable Beta Coefficient Significance
Total number of household vehicles 0.066 0.000
Income — 8 groups 0.033 0.000
Office building rentable area -8.862E-09 0.000
Office miscellaneous rentable area -1.088E-07 0.000
Neighborhood retail rentable area -2.332E-07 0.000
Ratio of dwelling units to neighborhood retail attractions -7.959E-05 0.006
Density of streetlights -2.232E-04 0.013
Vacant parcel area 1.389E-07 0.001
Constant 1.052 0.000

Table 54: Regression of household demographics, land use and urban form (quarter mile buffer
level) against person-level NO_emissions

(Dependent Variable: loglONO_~ (R2 = 0.125))

The first model explained 15.3% of variation in VOC emissions; the second model accounted for
12.5 percent of NO_ emissions. In both models, variables entered with the expected signs. However,
note that in both cases, while all variables are highly significant, the land use variables show only a
very minor influence on person level emissions. The models show that as the number of vehicles and
household income go up, person level trip emissions also go up. This is consistent with the expectation
that individuals with access to personal vehicles will use them to travel to work, and that those with
higher incomes tend to drive more. In terms of land use variables, an increase in office or retail
space decreased emissions, suggesting that employment areas with more office space and store area

will both enable more efficient transit service (and therefore more use), and also will encourage higher



Chapter IV

rates of walking trip rates to access shops and services. Vacant parcels were positively correlated with
emissions, possibly because individuals feel less safe walking or taking transit in these areas, and are
therefore more inclined to drive to work if there are numerous vacant parcels in their employment
buffer. Interestingly, the density of streetlights entered with moderate significance in the NO_model,
and its negative influence on emissions is stronger than the other land use variables, relatively speaking.
In employment locations which are better lit, personal emissions go down. As with vacant parcels, this
measure suggests a connection between individual perceptions of safety and the willingness to walk,

bicycle, or use transit.

b) Household Location Analysis

Table 55 and Table 56 show regression results for VOC and NO, emissions at the household end.
With the exception of vacant parcel area, land uses were entered into the household regression

models using the number of attractions measure.

Variable Beta Coefficient Significance
Total number of household vehicles 0.0510 0.000
#Single family units -0.0003 0.000
#Multifamily units -0.0001 0.000
#Educational attractions -0.0267 0.000
#Museums 0.0849 0.006
#Office parks 0.2040 0.000
#Office miscellaneous -0.0228 0.000
#Parks -0.0444 0.004
#Large retail attractions -0.0631 0.000
#Neighborhood retail attractions -0.0092 0.000
Vacant parcel area -1.146E-06 0.006
Constant 1.3810 0.000

Table 55: Regression of household demographics, land use and urban form (quarter mile buffer
level) against VOC emissions Dependent Variable: log, VOC (R2 = 0.146)

The first model explains 14.6% of the total variation in person-level VOC emissions; the second
explains 12.8% of the total variance in person-level NO_emissions. For both models, variables entered
with the expected signs, with a few exceptions. Interestingly, income did not enter significantly into
either household location model. As with the employment model, as household access to vehicles
increases, emissions also increase. Relatively speaking, land uses show a stronger influence on personal

level trip emissions in the household models as compared to the employment location models.
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Variable Beta Coefficient Significance
Total number of household vehicles 0.0423 0.000
#Single family units -0.0003 0.000
#Multifamily units -8.766E-05 0.000
#Educational attractions -0.0231 0.000
#Museums 0.0862 0.004
#Office parks 0.2050 0.000
#Office miscellaneous -0.0170 0.003
#Parks -0.0430 0.004
#Large retail attractions -0.0671 0.000
#Neighborhood retail attractions -0.0070 0.000
Vacant parcel area -1.387E-06 0.001
Constant 1.686 0.000

Table 56: Regression of household demographics, land use and urban form against NO_emissions
Dependent Variable: log, NO_(R2 = 0.128)

For both models, increases in the number of educational facilities, parks and large retail attractions
resulted in the greatest reduction in personal emissions. Increases in vacant parcel area also resulted in
small reductions in personal level emissions, which is the opposite of their influence in the employment

location model.

Finally, an increase in the number of museums and office parks in the household buffer were shown
to increase personal level emissions. In the case of office parks, the effect is the strongest of any land
use measure in either the employment or household location models. This effect is not surprising, given
that office parks are usually auto-oriented developments, with large parking lots and non-linear internal
street networks. Even if the resident did not work in the office park near their home, they would likely
find its presence a disincentive to walking, The relationship between increased numbers of museums

and increased personal level emissions is not so clear.
C. Relationships between GHG Emissions, Land Use and Urban Form

1. Modeling Trip related GHG Emissions in EMME/2 and Mobile 6.2

All trips reported by King County households in the Puget Sound Household Activity Survey were
modeled at the trip component level. Following this, emissions factors for CO,, CH,, and N,O were
applied, and emissions data were aggregated at the trip and household level. A summary of household

level emissions is provided in Table 57.

N Min (g) Max(g) Mean (g) S.D. (g)

# household trips 3033 1.00 126.00 18.33 13.65
Household CO, 2918 .00 99832.21 35787.49 24404.65
Household CH, 2084 .08 920.37 138.17 103.31
Household N,O 2984 1.23 14917.31 2239.44 1674.42

Table 57: Summary of household two-day, trip-related GHG emissions, in grams



Chapter IV 144

CO, was the single most important household GHG emission, and emissions of all three gases varied

considerably between households.

a) Identifying Correlations between Household GHG Emissions and Urban Form

Once household level data on trip related GHG emissions were assembled, analyses were conducted
to identify relationships between these emissions and land use and urban form characteristics at the
household location, while controlling for key household demographics. Household size and income are
shown above to be primary predictors of vehicle miles of travel, and by extension, of GHG emissions
as well. Table 58 shows the steady increase in King County household CO, production with increases
in household size, although efficiency is gained on a per capita basis as tenancy increases above one

person per domicile.

Household size N Mean Emissions (g) S.D.

1 826 19567.74 16135.21
2 1086 35154.81 21774.64
3 465 46690.14 24577.04
4 388 50982.11 23405.99
& 118 55657.81 23842.00
6 25 55231.23 27341.04
7 7 56689.12 21376.43
8 1 74343.07 -

10 2 87633.64 8780.51
Total/Average 2918 35787.49 24404.65

Table 58: Mean Emissions of CO2 by Household Size

The research team ran preliminary correlations between household GHG emissions and several land
use and urban form variables at the household trip end to identify which variables had the strongest
relationship with emissions while controlling for household size and income. Based on the results of
carlier analyses, the team hypothesized that net residential density, intersection density, and the number
of neighborhood retail attractions would show the strongest correlations with household emissions.
Log value translations of the dependent emissions variables were used to better distribute their values

for analysis. Table 59 shows the results of this correlation analysis.

Net Residential Intersection # of Neighborhood Retail
Density Density Attractions
Log CO, -.1948 (.000) -.1644 (.000) -.2392 (.000)
Log N,O -.1987 (.000) -.1688 (.000) -.2430 (.000)
Log CH, -.1988 (.000) -.1688 (.000) -.2430 (.000)

Table 59: Correlations between Log Emission Values & Urban Form Measures, Controlling for
Household Size and Income

All three variables tested show significant and moderate to strong negative correlations with household
trip related GHG emissions, with the strongest correlation between the land use variables and emissions.

These results suggest a clear linkage between urban form and land use near the household and emissions:
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Box 4: Interpreting ANOVA Results

ANOVA, or ANalysis Of VAriance between groups, is a statistical method used to determine if there is any
meaning to differences found between groups of data. ANOVA compares variation around the mean values

of groups of measurements — for example, household VMT at different levels of intersection density near
households — to determine whether differences in that variation would be expected through random chance, of
if they indicate that there are meaningful differences between the groups themselves, and therefore a relationship

between variation in the data and the measure used to define the groups — in this case, intersection density.

An T statistic near or below one indicates that differences between groups are not meaningful; higher I statistic
values indicate stronger differences between groups. Significance (or P value) indicates how likely the finding of a

relationship is due to random chance. P values of 0.05 or less can be considered significant.

In the analyses presented here, the difference in at least one pair of mean values for each VMT is statistically

significant.

as residential density, the connectivity of the street network, and the number of neighborhood retail
attractions increases, household emissions go down. Based on the earlier correlation analyses, a likely
explanation for this outcome is increased rates of walking in neighborhoods with these characteristics,
especially large numbers of unique retail attractions. As has been the case thus far, mixed use, as

measured by the presence of neighborhood retail attractions, was the best independent predictor.

A second correlation analysis was conducted which controlled for VMT in order to isolate the effect of
net residential density alone on CO, production. This analysis resulted in a Pearson r for net residential
density of -.1709 at the .000001 level of significance. This finding suggests that average travel speed
associated with increased levels of density and connectivity may precipitate lower emissions levels per

unit of distance travelled.

b) GHG Regression analysis

After identifying individual correlations between household demographics, VMT, urban form, land
use and emissions, the research team then developed a multivariate linear regression model to further
investigate the relationship between all of the significantindependent variables and one of the dependent
emissions variables, the log value of household trip related CO, emissions. The regression model was
developed in five stages, starting with household demographics alone in model one, then adding in
VMT, and finally including all the urban form and land use variables in model five. Results of the

regressions are shown in Table 60 below.
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c) Household CO2 and Urban Form at the Place of Residence

Coefficients 2

Standardi
. ° zed
CO2 Emissions and Urban Unstandardized _Coeficen
Form at the Place Of 1 (Constant) 8.293 .086 95.941 .000
household size .305 .017 .333 18.237 .000
° income greater / less
ReSldence than $35K 633 .049 235 12.894 .000
2 (Constant) 8.409 .075 112.101 .000
household size 129 .016 140 8.198 .000
income greater / less
than $35K 458 .043 170 10.662 .000
Model Summary vmt - all vehicles 049E-03 000 495 | 20.358 000
3 (Constant) 8.626 .076 113.636 .000
Adjusted Std. Error of household size 14 .015 125 7.436 .000
1 461 : 212 212 1.00040 ;?1‘;?]';6359&6“” less 412 042 153 9.761 000
2 639 409 408 .86693
vmt - all vehicles 752E-03 .000 474 28.585 .000
3 660 °© 435 434 .84739
4 663 ¢ 440 439 84390 # neighborhood retail B.57E-02 .003 -.168 -11.050 .000
5 . R . . . 4 (Constant) 8.613 .076 113.856 .000
665 443 442 84192 household size 110 015 120 7.197 .000
a. income greater / less
Predictors: (Constant), income greater / less than than $35K 423 042 57 10.050 000
b. vmt - all vehicles 707E-03 .000 471 28.487 .000
Predictors: (Constant), income greater / less than # neighborhood retail  B.11E-02 .003 -.146 -9.234 .000
c. zzzzg'”tersem” b 36E-02 018 -073 -4.740 000
Predictors: (Constant), income greater / less than 5 Constant
$35K, household size, vmt - all vehicles, # :1 ons:nld) . 8.718 081 107.855 -000
ousehold size 102 .015 A1 6.559 .000
d. )
income greater / less
Predictors: (Constant), income greater / less than than $3§K 410 042 152 9.728 -000
$35K, household size, vmt - all vehicles, # vmt - all vehicles 671€-03 000 468 | 28375 000
€. # neighborhood retail p.58E-02 .004 -121 -7.072 .000
Predictors: (Constant), income greater / less than zscore intersection
$35K, household size, vmt - all vehicles, # density [-12E-02 018 --063 -3.970 000
neighborhood retail, zscore intersection density, net net residential density p.03E-03 .002 -.064 -3.634 .000

Table 60: Household CO2 Emissions and Urban Form at the Home Trip End

Table 60 shows that model one, containing only household demographic variables, explains
approximately 21 percent of the variation in CO, production, as represented by the R Square value
in the model summary table. In model two, adding VMT increased the explained vatiation in CO, to
41 percent. Model 3 incorporates a key land use variable, number of neighborhood retail uses in the
household buffer, which increases explained variation by approximately 3 percent. Model 4 brings in
intersection density, which adds less than 1 percent to the model's explanatory power. Finally, model 5
adds in net residential density, which increases explanatory power by less than 1 percent. Under
model five, the total explained variation in household trip related CO, emissions is 44.2 percent. It
is important to note that while the land use measures were significant after VMT was entered into
the model, the explained variation was only modest from each variable. This makes sense since the
primary contribution of land use is in its ability to explain VMT — as demonstrated in previous analyses
in this chapter. Again, it is assumed that the remaining variance explained by land use after VMT is

entered into the model is a function of a more favourable average speed profile for households within
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more urban environments, in terms of CO, production. This relationship needs further investigation
given the nature of more urban conditions where per unit of distance of travel is often assumed to be

associated with increased energy consumption — and by default, more CO, production.

As the standardized beta coefficients in the five models show, changes in household VMT will clearly
have the greatest influence on household trip related CO, emissions. As with household size and income,
when household VMT goes up so do household trip related CO, emissions. This finding is to be expected.
However it is important to note that while adding land use and urban form variables to the model
increased the overall proportion of explained variation in emissions by less than 5 percent, the influence
of these land use and urban form variables on household emissions can be interpreted as being relatively
significant, as shown by their standardized coefficients and T statistics. In fact, as the final model shows,
the variation in the number of neighborhood retail uses within a quarter mile of the household has
approximately the same absolute influence on household emissions as household size and income. Net
residential density and intersection density were far less significant. Neighborhood residential density
is not a strong predictor of household travel behavior (and hence household emissions) by itself. It is
what happens in those neighborhoods -- the variation in land uses available — that influences household
travel. A great deal of the variation in household VMT is explained by the urban form variables found

in this model. Further investigation is required in these relationships.

d) Person Level CO, and Urban Form at the Place of Employment

The following sequence of models presented in Table 61 documents significant relationships between

CO,, per capita VMT, and urban form measured at the place of employment.
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Coefficients 2

Person Level 5
zed
Unstandardized ICoefficien
° ° 1 (Constant) 9.547 .049 194.360 .000
C 02 EmlSSlons and Urb an household income [691E-03 .001 .032 1.835 .067
household size 792E-02 .014 .070 4.006 .000
2 (Constant) 8.903 .046 194.565 .000
FOI‘m at the Place Of household income  [975E-03 001 037 2,512 012
household size 1410E-02 012 .041 2.761 .006
person vmt 165E-02 .000 522 34.966 .000
Employment 3 (Constant) 8.963 045 196.990 1000
household income |782E-03 .001 .034 2.299 .022
Model Summary household size 734E-02 .012 .033 2.243 .025
person vmt 164E-02 .000 522 35.466 .000
. OMBLDGS p.03E-02 .002 -.145 -9.873 .000
1 — Adlusggg Std% '(5)'7“1’;? 3 (Constant) 9.034 047 193.286 1000
. . : . household income |866E-03 .001 .035 2420 .016
2 526 b 277 277 91405 household size  [222E-02 012 027 1.828 .068
3 546 ° .298 .297 .90080 person vmt 153E-02 .000 517 35.261 .000
4 553 d .306 .305 .89586 OMBLDGS P.04E-02 .002 -146 -9.999 .000
5 858 €1 .31 310 89254 net residential O1E-02 002 089 | -6.082 000
6 559 f| 313 311 89181 density (work)
a 5 (Constant) 9.027 .047 193.781 .000
Predictors: (Constant), household size, household household "Tcome 705E-03 001 032 2218 027
household size 170E-02 .012 .026 1.793 .073
b. . . person vmt 153E-02 .000 516 35.374 .000
Predictors: (Constant), household size, household OMBLDGS 67E-02 002 120 7729 000
C. net residential
Predictors: (Constant), household size, household density (work) 58E-03 002 -076 -5.094 :000
q. NB_REST2 b.00E-02 010 -.079 -5.028 .000
Predictors: (Constant), household size, household 6 (Constant) 9.011 047 191.720 -000
income, person vmt, OMBLDGS, net residential density household income  [746E-03 .001 .033 2.273 023
e. household size 104E-02 .012 .025 1.739 .082
Predictors: (Constant), household size, household person vmt 157E-02 -000 518 35.487 000
income, person vmt, OMBLDGS, net residential density OMBLDGS -60E-02 002 15 ~7.348 -000

net residential

f. i . density (work) .39E-03 .002 -.074 -4.979 .000
Predictors: (Constant), household size, household NB REST?2 b aaE-02 010 -.086 5.388 000
income, person vmt, OMBLDGS, net residential density #fa_st food ’ ’ ’ ’ ’

293E-02 .021 .037 2.505 .012

restaurants work

Table 61: Person Level CO2 Emissions & Urban Form at the Employment Trip End

As with the household level assessment, VMT (t=35.48 in the final model) was the most significant
predictor of CO,. Once again, the addition of urban form variables raised the amount of explained
variation as well. However the influence of these variables was slight: the number of commercial
buildings was inversely associated with CO, emissions and raised explained variation by approximately
2 percent, net residential density was also inversely associated and raised explained variation by less
than 1 percent, neighborhood restaurants were inversely associated and increased explained variation by
approximately 1 percent, and the number of fast food establishments was positively associated and raised
explained vatiation by 1/10™ of one percent. It is interesting to note that restaurants are significantly
associated with a reduction in CO, emissions whereas fast food establishments were associated with
an increase in CO, emissions. This result reinforces the contrasting the urban context in which these
different types of eateries tend to be located: fast food establishments tend to be located in more auto

oriented areas, and restaurants are perhaps somewhat more prolific in older established urban villages.
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D. Summary of GHG and CAC emissions analysis

The findings presented here document important relationships between land use, urban form and trip
level emissions within King County. In particular, they reinforce eatlier findings that land uses where
we live and work influence our travel behavior, in particular levels of vehicle travel. They also draw a
clear connection between land uses and personal level travel related emissions. We found that increases
in residential density, land use mix, and street connectivity at household and employment locations are
associated with reductions in per capita levels of NO_, VOCs, and CO when controlling for household
income and size. Interestingly, emissions are more sensitive to increases at the household end for all
these urban form and land use variables. At the employment location, emissions were most sensitive
to increases in office and retail space. Generally speaking, other results suggest that changes in land
use variables which improve transit service efficiency, make walking to secondary destinations feasible,
and improve the perception of safety of the local environment all tend to decrease emissions as well.
In the case of GHG emissions, results show that emissions are sensitive to increases in net residential
density, street connectivity and the number of retail uses near the home, when controlling for household
size and VMT. Land uses were shown to have a larger influence on emissions than residential density
itself. The CO, results presented are among the first results to date that clearly link climate change with
travel patterns, and urban form at both the place of residence and place of employment. Urban form
variables apparently impact CO, indirectly through VMT and directly through travel speed and engine

modal operation, or through cold start functions.

These findings generally support the conclusions reached in the walking, transit and VMT/VHT
analyses presented earlier. They show that strategies aimed at changing land use patterns and urban
form in order to encourage use of alternatives to the private automobile will also have a significant
influence on regional travel emissions. This information will provide guidance as King County and the

Puget Sound Region Council move towards policies and plans to improve regional air quality.

E. Physical Activity: Analysis of Relationships

Self-reported physical activity from the Silver Sneakers data set was found to be positively associated
with several measures of land use and urban form. Correlation results are presented in Table 62 below.
N represents the number of respondents for which data was available for the measurement of the

strength of each association.
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Frequency of weekly exercise and area of .178 (.002)
recreational open space (N=295)

Number of leisurely walks and street network .126 (.002)
connectivity (N = 579)

Number of leisurely walks and number of .120 (.027)
entertainment uses (N=341)

Number of leisurely walks and number of retail .103 (.052)
uses (N = 353)

Number of leisurely walks and residential density .222 (0.08)
(N=112)

Table 62: Correlations between physical activity, land use and urban form

The strongest correlation identified was that between reported frequency of weekly exercise and area
of nearby open space, suggesting that neighborhood parks may be an important resource for elderly
residents wishing to engage in physical activity. Interestingly, the land use measure of significance is
the area, not the number of parks. This runs counter to the finding reported in the previous walking
analysis, which found that the number of parks is a more important correlate with walking rates than
the size of parks. It may be the case that for the purposes of engaging in exercise, the size of parks is
important; for example, small parks may not provide enough area to allow people to engage in effective
brisk walking, or enough of a sense of privacy to allow participants to feel comfortable engaging in

more formal exercise activities such as Tai-Chi.

The frequency with which respondents partake of leisurely walks also showed significant correlation
with a number of urban form and land use measures, though none showed as strong an association as
that between exercise and open space. The relationship between street connectivity and leisurely walking

may reflect the range of walking options provided by gridiron versus cul-de-sac street networks.

In a gridiron street network with short block lengths, walkers have numerous opportunities to vary
their route, to investigate interesting activities or features glimpsed up side streets, and to shorten or
lengthen their walk without retracing their steps along the same roads. In contrast, in hierarchical street
networks with curvilinear streets and cul-de-sacs, walkers have fewer route options, opportunities to
change direction are some distance apart (and often out of sight around curves), and varying the length

of a walk often means simply turning around and walking back along the same route.

The number of leisurely walks taken by participants was also correlated with the number or
entertainment and retail land uses. This may be related to the visual interest such uses bring to the
streetscape, as well as the opportunity they provide for impromptu stops or completion of errands.
Correlation between the number of walks and the number of retail uses in the buffer was significant

only at the 90 percent level.

Finally, though not statistically significant, a strong correlation was identified between walking trip

rates and residential density when controlling for household income. As discussed in the walking trip
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analysis, this correlation likely reflects the greater mixing of land uses found in high density areas, as

well as the increased variation in streetscapes, built forms and activity found in such neighborhoods.

For many people, denser neighborhoods are more interesting to walk through. Even though individuals

partaking of leisurely walks may not have specific destinations in mind, they may be more likely to

take those walks if the walking environment presents a stimulating variety of land uses and potential

destinations.

VI. SuMMARY oF REGIONAL FINDINGS AND THEIR APPLICATION TO CASE

STUDIES

The research described here has resulted in some significant findings about the relationship between

land use, urban form, travel behavior and trip level emissions. Among the highlights:

A. Land Use, Urban Form and Walking

The land uses most strongly correlated with the percentage of household walk trips proved
to be educational facilities, commercial office buildings, restaurants and taverns, and
neighborhood-scale retail establishments. These findings are to be expected. It is intuitive
that having these establishments within a quarter-mile of a residence allows individuals to
accomplish major trip purposes, such as work trips and shopping trips, by walking. Of the 17
land uses measured, only high-tech industrial uses and office parks failed to have statistically

significant correlations for any of the three measurement categories.

The mix of land uses in a neighborhood was found to have a greater influence on the
decision to walk than the number of destinations of a particular type of use, or the total

area of a particular use.

Steep increases in parking costs near the home were shown to have a small effect on personal

walking trip rates.

B. Land Use, Urban Form and Transit Usage

In terms of transit usage, the statistical analysis supports an ideal land use scenario of a
limited number of household supporting land uses on the household trip end, and a large

number of work, shopping, and entertainment attractions on the employment end.

The degree of land use mix and the number or restaurants and taverns near the household

were both positively associated with transit use for the trip to work.
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Unsurprisingly, the land uses best associated with the percentage of work trips by transit
are also those associated with typical downtown areas: commercial office floor space; retail
floor space; the number of large retail attractions, which typically function as “anchor”
stores in retail development projects; entertainment uses, such as movie theaters and sports
attractions; and restaurants and taverns all show strong positive associations with transit

use.

Net residential density and employment density near the workplace were also positively
associated with increased transit usage for the trip to work, as were the number of bus stops

near the work place.

Vacant parcel area was negatively correlated with transit use at a statistically significant level.

Since the parcels lack a meaningful destination attraction, their presence should discourage
people from using transit to access a given location. The larger the vacant area, the less the
attractiveness of the destination. In addition, perceptions of safety in environments with
large numbers of vacant lots may also lead travelers to choose private vehicles over transit

when traveling to or through such areas.

C. Land Use, Urban Form and VMT/VHT

Increases in several land use variables resulted in decreases in household VMT. An increase
in the number of grocery stores, educational facilities, parks and convenience stores all
accounted for weak, but significant, decreases in VMT. Given that these trip purposes
account for only a small share of the number of trips generated by a household and that
these trips typically tend to be shorter than work trips, dramatic reductions in VMT resulting
form the presence of these uses would have been unlikely. Still, their presence does account
for statistically significant reductions in VMT — reductions which may be important in areas

with concerns about diminishing air quality and congestion.

Since public school children are typically assigned to the school closest to their home, the
presence of nearby educational facilities appears to reduce household VMT by reducing
the distance parents need to travel to drop off or pick up their child. Further, because these
facilities are within a quarter-mile of the survey households, it is equally as likely that the
drive trips are replaced entirely by walk trips — in other words, rather than needing to be
driven to school, children have the ability to walk or bike as well, eliminating an automobile

trip completely.

It was surprising at first that the proximity of grocery stores did not show a stronger

relationship with reductions in household VHT, since grocery trips are necessary to sustain
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a household, and one would have expected the presence of nearby groceries to reduce or
eliminate vehicle trips altogether. A closer examination of the characteristics of grocery
trips appears to explain the weakness of the measure, however. The frequency of grocery
trips tend to be sensitive to distance. Where grocery stores are not conveniently located near
one’s household, we suspect that individuals needing to travel to these locations make fewer
trips, but purchase a greater quantity of items, thereby increasing the period of time before
they are required to travel to the grocery again. Conversely, individuals with grocery stores

near their homes tend to make more trips, picking up items as they are needed.

Increasing the number of fast food restaurants within the quarter mile household buffer
significantly decreases the amount of VHT generated by a household. This seems to fly in the
face of the conventional planning concept of a “livable” neighborhood. Nevertheless, to the
extent that lowered household VHT is an important feature of more livable neighborhoods,

fast food restaurants may not be entirely undesirable.

D. Land Use, Urban Form and Trip Level Emissions

Relationships between land use, urban form and trip level emissions generally confirmed
the results found in the walking, transit and VMT/VHT analyses. Emissions were found to
be more sensitive to changes in land use at the household location than at the employment

location.

Land uses at the employment end of trips had only a modest influence on CO2 emissions,
with the number of commercial buildings, net residential density, and restaurants showing
small negative associations with emissions. The number of fast food restaurants near the

employment location was positively associated with CO2 emissions.

While the influence of land use on trip emissions was found to be relatively weak, the
effects were still significant, and in communities facing air quality problems emphasis on the
long term increase in land use mix in residential areas may help meet goals for air quality
attainment. In particular, the research found that increasing the number and variety of retail
attractions in a neighborhood had a greater reductive effect on emissions than increasing

residential density or street connectivity.

The relationship between land use, urban form, VMT/VHT and CO2 emissions in dense

urban areas is complex and requires further investigation.

E. Land Use, Urban Form and Physical Activity

Analysis of the Silver Sneakers data set revealed that walking as a leisure activity is influenced
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by land use and urban form. Individuals were found to be more likely to walk as a form of
leisure activity in neighborhoods with higher street connectivity and a greater number of
entertainment and retail uses. These results indicate that walking as an end in itself is more
likely to take place in neighborhoods with short blocks, numerous intersections and mixed

land uses.

F. Land Use, Urban Form and Planning For more Sustainable, Less Auto-

Dependent Communities

One of the more interesting findings of this study, from an implementation perspective, is
that for some land uses rentable floor area proved to be the best measure with the strongest
relationship to household walking trip rates. For other land uses, the number of unique
attractions proved the measure with the strongest relationship to walking. Selecting the
right unit of measurement when specifying land uses in planning guidance documents will
allow practitioners to better measure their progress as they attempt to achieve goals such as

encouraging non-motorized travel.

Appropriate performance measurement is necessary for successful implementation. In
developing land use guidelines to encourage walking in project level and comprehensive
plans, this study recommends that guidelines for retail and commercial uses be presented
in terms of their rentable square feet. Guidelines for parks, groceries, educational facilities,
and restaurants would best be presented in terms of the number of unique attractions in the

development, planning area or neighborhood.

The research results also clearly show that the importance of net residential density and
street connectivity in determining travel behavior is often over-emphasized. The finding
that density plays less of a role than was previously thought is significant, because it moves
us beyond the simple guidance that “higher density is better” to a more nuanced appreciation
of the influence of density and land use on travel behavior. The results of this research
showed that the mix of land uses in a neighborhood consistently had a greater influence on
travel behavior than density alone. Likewise, more intersections — greater street connectivity
—do not automatically translate into more places to walk to. The results of this research show
that intersection density and increased mix of uses play complementary roles in encouraging

people to choose alternatives to the car.

G. Application of the Findings at the Community and Regional Levels

It is important to note that these relationships are likely to vary between communities, making
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community-specific data a necessity. Although various types of strategies are suggested by the research
conducted at the regional level, different subsets of strategies will be applicable at the community level,
depending on each community’s unique conditions. The following chapter of this report examines
the existing conditions in a set of three communities and applies the regional findings in the form
of recommended strategies for street network redesign, neighborhood commercial development and
compact residential development that can be used to promote walking and transit use, decrease auto
dependence, and increase levels of physical activity and overall health. Figure 37 below shows the

overall relationship of the regional level research to the community level applications.
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Figure 37: Overall Relationship of the Regional Level research and Community Level Applications

Some strategies arising from the regional findings, including changes to land use regulations,
growth management policies, and transit service reallocation, will not necessarily have community

level applications. These strategies will be discussed further in the Chapter 6, the final chapter of this
report.



CHAPTER V: CASE STUDY APPLICATION OF THE
REeGIONAL FINDINGS

. OVERVIEW

This chapter of the report takes the regional level findings and considers their application in the
specific context of three King County communities: Kent, Redmond and White Center. The case
studies of these communities start with an examination of existing land use and urban form conditions,
population demographics, and the travel behavior of community residents. The case studies also
present a snapshot of resident perceptions of community walkability and transit accessibility, and their
current level of satisfaction with the community characteristics. Next, the case studies present a series
of recommendations for community specific urban redevelopment and transportation programming
strategies which, based on the regional findings, could be used to increase walking rates and transit
ridership and reduce vehicle related emissions at the community level. Finally, the case study analysis
ends with a review of resident preferences among possible changes to land use and urban form. In
short, the case studies described here identify community level strategies that arise from the regional
level research findings, and compare these to existing built environment conditions and aspirations of
community residents for change. The focus is on land use and urban form at the household end of
trips in whole communities, and not on the application of the regional research findings to individual
employment destinations or major employment centers. Respondent use of transportation demand

management (TDM) measures for the trip to work are presented in Chapter VI.

Il. METHODOLOGY

There were two major components to the case studies: on the ground analyses of existing land uses
and urban form and a comprehensive survey of community residents. The survey included questions
on travel behavior, attitudes towards walking and taking transit, the relative importance of different
neighborhood characteristics on willingness to use those modes, and preferences among a series of
possible changes to the neighborhood built environment. Methods used in these two components of

the study will be described below after a brief description of the case study selection process.
A. Criteria used to Select the Case Study Locations

1. Geographic Dispersion

King County requested that one case study be selected from each of the county’s three sub-planning
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areas recognized by PSRC’s transportation planning and programming process: the West Side, the East
Side, and South County.

2. Demographic Variation

The County also wanted to examine transportation problems across a range of “demographic
environments,” in order to address environmental justice and equity considerations that are increasingly

central to transportation and mobility planning.'

3. Range of Urban Environments

Because a primary purpose of King County’s Smart Growth Initiative is to test the viability of various
transportation service and investment, land use, and TDM strategies within a wide range of urban form
conditions, it was incumbent upon the study team to select case study locations which were as different
from one another as possible. Therefore, study sites were selected from an older urban center, an auto

oriented suburban district, and a suburban town center.

4., Jurisdictions of Influence

The research team also recognized that it was important to maximize the likelihood that the results
from the study will be implemented. Therefore, it attempted to locate study areas where jurisdictional
overlap was minimal in order to increase flexibility in implementing recommendations. The team also
sought out areas that were previously targeted for transportation and land use improvements in order to

build upon existing momentum for change.

5. Demonstration Opportunities

The study team also sought areas that would demonstrate the potential of various strategies to reduce
auto dependence and improve the overall quality of life in communities across the county. Each case
study was selected based on either its potential for retrofit and change, or the transferability of its

particular attributes to other locations of the county.

Based on data collection, site visits, and consultation with King County staff, case study locations
selected were Kent East Hill, to the north of Downtown Redmond, and in White Center. Each of the
case study locations chosen is also included as a case study location in the Neighborhood Quality of Life
Study (NQLS), a broader study sponsored by the National Institutes of Health (NIH), and directed by

1 Requirements for equal representation of ethnic and income groups in transportation investments have been written
into federal transportation regulations and extend out of Title VI of the Civil Rights Act and recent Presidential Executive Orders.
Equity considerations are fundamental to the estimation of “benefits” and “burdens” of transportation investment programs
countywide and have been the foundation of legal challenges within the County and other parts of the nation.
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Dr. James Sallis of San Diego State University.

The NIH study also characterized case study areas according to an income-walkability matrix, with
walkability represented by a composite measure derived from intersection density, retail floor area ratio,
net residential density, and land use mix within the census block groups representing the study areas.
According to the matrix, Kent Fast Hill is considered a “low-walkability, low-income” community,

Redmond is considered a “low-walkability, high income” community, and White Center is considered a

“high-walkability, low-income” community.?

Figure 38 shows the general location of the three case study locations, as well as the remaining case
studies included in the NQLS.

B. Review of Case Study Performance According to the Study Criteria

1. Geographic Dispersion

The case studies represent each of the sub-planning areas: White Center is located in the West Side,

Redmond on the East Side, and Kent East Hill in the South County area, as shown in Figure 38.

2 The NIH study also includes “high-walkability, high-income” communities, such as the Queen Anne and Capitol Hill

districts in Seattle. However, King County indicated that the goals of the study described here would be better served by analyzing
the three community types described above.
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Figure 38: Location of Case Study sites in King County

2. Demographic Variation

White Center is lower income and mostly non-White, Redmond is upper income and primarily White,

and Kent East Hill is ethnically mixed and lower to middle income.

3. Range of Environments

White Center is an older urban center with a connected street network, some mixing of uses, and
poor pedestrian infrastructure; Redmond is a low density residential suburban area with few pedestrian
amenities and little nearby commercial development; and Kent FEast Hill is an auto-oriented suburban

area with a considerable amount of high density residential development located in close proximity to

shopping.
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4., Jurisdictions of Influence

White Center is located primarily in unincorporated King County and currently has underway a major
planning effort sponsored by funding from the Annie E. Casey Foundation. The area is changing fast
and is likely to undergo redevelopment. Redmond is a rapidly growing incorporated city which has
recently updated its comprehensive plan and developed a new transportation plan for the downtown
core with the aim of improving community quality of life. Kent East Hill is recognized by the PSRC
as a “Secondary Activity Center.” Activity nodes are “locations [which] may have concentrations of
higher-density residential development, some mix of land uses (such as shopping or offices in addition
to housing), and the potential to develop a nonmotorized network that makes it easier to walk, bike or
use transit.” (PSRC 2005).

5. Demonstration Opportunities

White Center presents several demonstration opportunities. These include improvements to
pedestrian infrastructure within the context of a well connected, grid street network; development
of complementary commercial uses, increased residential densities and a greater variation of housing

prices and products; and improvements to transit service.

b

Redmond is an environment that “works,” and the city provides some good examples of on-the-
ground best practices. However, demonstration projects could include improved transit service to
regional centers, focused recruitment of specific retail uses within residential areas, and targeted

pedestrian improvements between neighboring residential areas and the central commercial core.

Kent East Hill represents a typical example of late 20™ century suburban development: it has a good
mix of land uses and high density multifamily housing, but poor site design and low street connectivity
which reduce accessibility, and a deficit of park and open space resources. In order to become more
walkable and transit friendly neighborhoods, communities such as Kent will require significant retrofits
of their street network, the establishment of a pedestrian realm, and significant site design changes to
the commercial core. Kent East Hill offers the ability to demonstrate transportation, air quality, and
physical activity benefits associated with a major suburban retrofit, and its results will be relevant to

numerous similar communities in the county.

C. Methods used to Analyze Case Study Land Use and Urban Form Data

The analysis of current built environment conditions in the case study areas relied on detailed parcel
level land use data developed and collected by King County and the Puget Sound Regional Council, in
conjunction with data obtained from numerous site visits by the Case Study team. Whereas analysis of

regional land use and urban form data was based on household and employment buffer areas, case study
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> FEach case

data was aggregated at the level of the census units which comprise the case study location.
study site was examined in isolation and in comparison; with particular attention given to urban form
elements and land use variables that were thought to have significant influence on travel behavior, and

hence air quality and public health.

Recommendations were developed both to address the specific deficiencies in urban form,
transportation infrastructure and land use policies identified in each community, as well as to take
advantage of the positive features present in each community. Recommendations have been inspired
by three sources: a brief survey of best practices of other West Coast municipal and regional agencies
which are working to create more ‘livable’ and sustainable regions; past urban design research done
tfor the State of Washington and regional agencies; and finally, ideas and strategies for transit oriented

developments and walkable neighborhoods developed by leading West Coast urban design thinkers.

1. Methods used in Case Study Travel Behavior, Attitude and Preference

Surveys

a) Sample Selection and Recruitment Methods

Households were selected from two sources: 1) a listing of prior participants in NQLS who live in
households in one of the three communities and 2) randomly selected community households from
marketing company household lists. Up to four individuals within each household were eligible to

participate.

Census block groups that were equivalent to the community areas were compared with the NQLS
database to generate a list of eligible households from that study. Al eligible NQLS households
were sent an introductory letter asking for participation in the study. In order to recruit non-NQLS
households, community census block groups were provided to a marketing company which randomly
selected households with and without telephone numbers who lived in the identified block groups. All

randomly selected households were also sent the introductory letter.

Two or three days after expected letter delivery, telephone contact was attempted with all households
for which telephone numbers were available. Telephone recruiters explained the study, and determined
household eligibility and interest in participating. Initially, it was necessary that all individuals in the
household agree to participate in order for the household to be eligible to participate. Households
agreeing to participate were then sent a consent form to review and sign, with a business reply envelope
in which to mail back the signed consent form. After receiving the consent form, households were

mailed the appropriate number of travel surveys and diaries to complete, with a postage paid return

3 Each case study area is actually comprised of two or three separate block groups—a unit of Census geography that
contains 600 to 3,000 people. Source: Census 2000 Geographic Terms and Concepts, page A-8.
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envelope to mail back the materials.

An introduction letter and business reply return post-card were mailed to households for which
telephone numbers were not available. Households interested in participating were encouraged to mail
back the post-card with contact information provided (e.g., telephone number). After receiving the
post-card, telephone recruiters contacted the household to introduce and explain the study. Survey

recruitment and collection of completed surveys took place between April and November 2003.

As an incentive for participation, households were eligible to receive $15 for each participant 16
years or older and $10 for each participant between the ages of 6-15. This incentive was similar to that
provided in previous studies using similar methodologies. Only households which provided complete

data for all eligible household members received any payment.

Individuals not residing in group-living establishments (e.g., nursing homes, dormitories, or military
barracks), living in households in which there are fewer than five members 6-65 years old, who are able
to travel outside the home, able to complete written surveys in English, and are between 6-65 years old

were eligible to participate in the study.

b) Survey Instruments used in the Study

(1) Household Questionnaire

The household survey consisted of items specific to the household rather than any individual in the
household, including questions about dwelling type, length of time at current residence, automobile
ownership, accessibility of destinations, community satisfaction, ranking of potential public investments
and preferences among different community archetypes. The household survey was completed by one
adult over 18 years old in the household. Two versions of this survey were developed, one for NQLS
participants and one for non-participants. The survey for NQLS participants did not include questions
on demographics previously collected from these individuals. A copy of the Household Questionnaire
tfor a non-NQLS household is provided in Appendix I. A total of 461 households provided completed
household surveys. Average household sizes were 2.3 in White Center, 2.4 in Kent East Hill and 2.5 in
Redmond.

(2) Individual Questionnaire

The person-level travel survey consisted of questions related to individual demographics such as age,
income and employment, travel to work, familiarity with TDM programs, and community walkability,
and was completed by household members 16 or older. A total of 600 individuals provided completed

individual surveys. A copy of the Individual Questionnaire is provided in Appendix II.
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(3) Community Travel Diary

The travel diary, which participants completed daily for two days, is considered an activity-based
diary. Activity-based travel diaries assess location, activity engaged in, and time spent at each location
(e.g., home, work, and store) throughout the day, rather than asking only about travel from place to
place. Activity-based travel diaries tend to more reliably capture short (e.g., walking trips) and linked
trips (e.g., going to the grocery store on the way home from work) than tools relying solely on report of
travel modes and time spent traveling. Two diaries were developed: a standard version for adults, and a
simplified version for children. Household members 16 or older completed their own travel diaries and
an adult household member over 18 years old completed the travel diaries for household members who
are 0-15 years old. Each travel diary sent out requested completion over a specific two day period (i.e.
Monday-Tuesday, Thursday-Friday) to ensure sampling variation and an even distribution of collected
travel data. A total of 908 correctly completed travel diaries were collected for individuals from the three

communities. A copy of the Community Travel Diary is provided in Appendix III.

Recruitment rates were highest in Redmond and lowest in Kent East Hill. Sampling boundaries for
Redmond were expanded to better overlap with the NQLS study area for that community. In addition,
after exhausting other options for increasing response rate in Kent, the sampling boundaries for that
community were expanded considerably to enable recruitment of a sufficient numbers of respondents
for data analysis. To further enhance recruitment, in the fall of 2003 the requirement that all individuals in
a household must agree to participate in the survey was dropped. Additional discussion of recruitment

methods, changes to study area boundaries, and data collection and analysis issues can be found in
Appendix I'V.

(4) Response Rates

Opverall survey response rates break down as shown in Table 63. Taking the recruitment rate to be the
number recruited divided by the sum of recruitments and refusals, the survey had a recruitment rate of
37 percent.* Of the 845 recruited, 469 households completed surveys for a houschold response rate of

20 percent. Recruitment and response rates by community are presented in Table 64 below.

4 This method of calculating response rates was used in other sections of the NQLS study.
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Category Sample Outcome Frequency | Percent
Eligible sample
Recruited 845 13%
Refused 1470 23%
Unable to contact 4123 64%
Sub-total eligible 6438 100%
Ineligible sample
Letters undelivered 648 21%
Stopped recruitment 838 27%
Did not meet criteria 837 26%
Phone disconnect etc. 805 25%
Other (deceased etc.) 31 1%
Sub-total ineligible 3159 100%
Total sample 9597

Table 63: Overall Survey Response Rates

Recruitment Final response rate

Frequency Percent Frequency | Percent
Kent 318 32% 157 16%
Redmond 213 42% 134 26%
White Center 314 38% 178 22%
Total 845 37% 469 20%

Table 64: Community Level Recruitment and Response Rates

Sample errors at the 95 percent confidence interval for household and individual data collected through

the three surveys are shown in Table 65 below. Results assume no bias in the sampling procedure.

Household Survey Sample Size Margin of Error

All households 461 + 5.00 percent
Kent East Hill 155 + 8.00 percent
Redmond 132 + 8.75 percent
White Center 174 + 7.50 percent

Individual Survey

All individuals 600 + 4.25 percent
Kent East Hill 190 + 7.25 percent
Redmond 184 +7.50 percent
White Center 225 + 6.75 percent
Activity Diary

All individuals 908 + 3.25 percent
Kent East Hill 308 + 5.75 percent
Redmond 256 + 6.25 percent
White Center 343 + 5.25 percent

Table 65: Margin of Error of Survey Results

Possible biases include a lower response rate among houses with unlisted telephone numbers, because
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these households were contacted by letter only, and a lower response rate among households with shift
workers, since the majority of telephone calls were made during the evening, However, the research
team concluded that there was no reason why residents with unlisted numbers should differ from the
rest of the sample in terms of characteristics significant to the study, and at least one telephone call was
made to a household during the day in order to attempt contact with those away in the evenings, before

the contact effort was discontinued after eight calls.

2. Validation of Sample

When comparing the study sample to the census population, it is important to keep in mind both the
margin of error of individual and household measures in the sample, and the fact that the actual study
population differs somewhat from the community population. As noted above, survey requirements
restricted participation to individuals between 6 and 65 years old, who are able travel outside the home
and complete a survey in written English, and who live in households with fewer than five members 6

to 65 years old (excluding group living establishments).

a) Comparison of Census and Survey Individual Mode Choice for the Journey to
Work

A comparison of mode choice for the journey to work as reported in the census and as reported in

the two day community travel diary are shown in Table 66 and Table 67 below.

Drove Alone Carpool Transit Bicycle Walk Other
Kent 75% 17% 5% 0% 2% 1%
Redmond 80% 1% 5% 1% 3% 0%
White Center 67% 17% 12% 0% 2% 1%

Table 66: Census Reported Mode Share for the Journey to Work

Drove Alone Carpool Transit Bicycle Walk Other
Kent 70% 14% 4% 1% 1% 0%
Redmond 73% 1% 5% 2% 8% 1%
White Center 71% 17% 3% 1% 8% 0%

Table 67: Trip Diary Reported Mode Share for the Journey to Work

The most significant difference between mode to work for the sample and the population is the
substantially higher walk mode share among the survey sample. In Kent, this increase comes at the
expense of lower drive alone and carpool shares relative to the census. In Redmond, the drive alone
share is also reduced, and in White Center the transit mode share is reduced in the sample compared
to the census. Two biases in the survey process may have led to this difference. First, there may be
an element of self selection in the sampling process that resulted in increased participation among
individuals who walk more. The survey drew partially on participants in the Neighborhood Quality
of Life Study, and these individuals may have gained a heightened sense of the importance of walking
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and physical activity through that study. Also, individuals who are aware of transportation, community
quality of life and physical health issues may have been more inclined to participate in a study seeking

to understand such issues.

Second, the sampling process purposefully selected study areas which contained central commercial
and office areas which were within walking distance of a large number of households. This likely meant
that households within walking distance of work were over-sampled relative to their actual presence
in the communities under study, which could have led to elevated walk to work trip rates. To test this
possibility, sample mode choice for the journey to work was recalculated, this time excluding all cases
where the trip to work was found to be less than one mile long. Results of this analysis are shown in

Table 68 below.

Drove Alone Carpool Transit Bicycle Walk Other
Kent 77% 16% 5% 1% 1% 0%
Redmond 79% 12% 5% 2% 1% 2%
White Center 77% 18% 3% 1% 1% 0%

Table 68: Trip Diary Mode Share for the Journey to Work, Trips Longer than One Mile

Sample mode choice in this second table is much closer to that reported in the census data, with the
exception of White Center transit mode share. This may be related to an upward income bias in the
sample influencing rates of automobile ownership among sample households. The number of vehicles
available to households is shown in Table 69 and Table 70 below.

b) Comparison of Census and Survey Vehicle Ownership Rates

Average No vehicles | 2 or more
number of vehicles
vehicles
Kent 1.7 6% 54%
White Center 1.7 11% 54%
Redmond 1.7 5% 54%

Table 69: Census Household Vehicle Ownership Rates

Average No vehicles | 2 or more
number of vehicles
vehicles
Kent 1.7 3% 50%
White Center 2.0 4% 56%
Redmond 1.8 2% 61%

Table 70: Sample Household Vehicle Ownership Rates

Note that while Table 69 and Table 70 show that the average number of vehicles per White Center
households in the sample is comparable to that reported in the census (given the margin of error), the
number of households reporting no vehicle ownership in the sample is considerably lower than in the

census. It is likely that an income bias in the sample has selected out households without cars, and so
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has, in effect, selected out households that are more likely to use transit for the journey to work. Further
indirect evidence for an income bias in the sample is provided through a comparison of census and

sample findings on dwelling type. >

¢) Comparison of Census and Sample by Dwelling Type

As shown in Table 71 below, single family homes are over-represented in the sample compared to the
census. A primary cause of this over-representation is likely the fact that the survey team had access
to fewer telephone numbers for people living in multi-family dwellings. However, it is also likely that
sample income bias has also played a role: one would expect that survey requirement that households
contain fewer than five members between ages six and 65 would have reduced the proportion of single
family homes in the sample relative to multi-family ones; the fact that they are not so reduced reinforces

the argument that the sample is biased towards higher income households that can afford their own

houses.
Census Sample
Single Family | Multi-Family | Single Family | Multi-Family
Kent 24% 76% 41% 59%
White Center 62% 38% 82% 18%
Redmond 35% 65% 61% 39%

Table 71: Census versus sample household dwelling types

d) Comparison of census and sample by gender

Differences in gender percentages reported in the survey versus those found in the population fall

within the margin of error of survey results, as shown in Table 72 below.

Census Sample
% Male % Female % Male % Female
Kent 43% 57% 49% 51%
Redmond 50% 50% 49% 51%
White Center 47% 53% 50% 50%

Table 72: Census versus sample comparisons of gender distribution

e) Comparison of Census and Sample by Age

As shown in Table 73 and Table 74 below, in all three communities the sample strongly under-represents
the population in the 18 to 29 year old age range. It also shows moderate under-representation of the

30 to 39 year old age range, and over-representation of older age ranges.

5 The Household Questionnaire did not ask for data on household income. However, survey completion rates are often
biased towards higher income segments of the population, and, as outlined below, there is substantial indirect evidence that such a
bias exists in the current sample.
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18-21yrs [(22-29yrs |30—39yrs (40-49yrs |50 -64 yrs
Kent 10% 22% 29% 23% 17%
Redmond 7% 22% 29% 23% 20%
White Center 8% 18% 25% 25% 23%

Table 73: Census age distributions (weighted proportions in the sample age range)

16 -17yrs | 18 -21yrs | 22-29yrs | 30-39yrs | 40-49yrs | 50 - 64 yrs 65+ yrs

Kent 1% 2% 8% 26% 35% 27% 1%
Redmond 2% 2% 1% 22% 30% 30% 1%
White Center 1% 2% 10% 19% 26% 41% 1%

Table 74: Sample (from the Individual Questionnaire, completed by those 16 to 65 years old)

Several factors may explain under-representation of younger age groups. First, in the case of 18 to
29 year olds, it is likely that the initial survey eligibility requirement that all household members must
agree to participate for the household to be eligible for the study had some influence. This age group is
most likely to contain households of unrelated adults in shared living conditions, and this heterogeneity
may have led to lower levels of participation agreement among all household members, thus leading to

exclusion from the study.

Second, given that individuals in this age group are more transient than those in older age groups, it is
quite likely that the marketing company which provided the survey team with contact information had
access to fewer current and correct telephone numbers for this age group. Since recruitment rates were
considerably higher for households for which telephone numbers were available compared to those

without (20 percent to 2 percent), this likely led to lower rates of recruitment in these age groups.

Third, study requirements that households contain fewer than five members between ages six and 65
would have selected out households containing two young to middle aged adults with three or more

young children.
Over-representation of older age groups also supports the argument that there is an income bias in
the sample, since older working individuals generally have higher earning potential than younger ones.
f) Comparison of the Census and Sample on Ethnicity

As Table 75 and Table 76 below show, when compared to the community populations the sample is

clearly-over represented in terms of White individuals, at the expense of other ethnic groups.

White  Black Native Asian Hispanic Hawaiian/ Other
American Pacific
Islander
Kent 59% 11% 1% 8% 10% 1% 11%
White Center 46% 7% 2% 19% 11% 2% 13%
Redmond 74% 2% 1% 9% 8% 0% 7%

Table 75: Census Ethnic Distribution
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White  Black Native Asian Hispanic Hawaiian/ Other

American Pacific

Islander
Kent 81% 3% 1% 5% 3% 2% 5%
White Center 79% 3% 2% 4% 4% 0% 7%
Redmond 92% 2% 0% 2% 2% 1% 2%

Table 76: Sample Ethnic Distribution

Survey language requirements were likely the primary cause of under-representation of immigrant
ethnic groups. Language barriers were cause for elimination of 178 and 179 households in Kent East
Hill and White Center respectively, but only 13 households in Redmond. Likewise, an income bias in

the sample may also explain some under-representation of non-White groups.

Furthermore, an advisor to the NQLS project has suggested that non-White ethnic groups are
harder to reach by phone, because many non-White households do not have answering machines and
may be hesitant to answer unsolicited telephone calls.® While the non-response rates of households
without telephone numbers was fairly consistent across the 3 neighborhoods, the non-response rates of
households with telephone numbers was higher in Kent East Hill and White Center, where the minority

populations are higher.

Finally, it is also possible that survey requirements that households contain fewer than five people
between six and 65 may have also led to under-representation of households in some ethnic groups.
Elimination based on household size was especially frequent in White Center, where 26 households in

total were rejected for this reason.

g) Summary of Sample Validation

In summary, the sample collected for the three communities in the case study is older, is more likely
to live in single family homes and is more likely to be White than the general population for those
communities. In addition, in White Center the sample is more likely to own at least one vehicle, and
to drive rather than take transit to work for work trips over one mile in length. It is interesting to note
that similar biases were reported in the Puget Sound Household Travel Survey (PSRC 1999). That
study generated a four county sample with 76 percent of households in single family dwellings, 89 of
individual respondents reporting White ethnicity, and only 5 percent of households with no vehicles
— all substantial deviations from the four-county census findings. Furthermore, the Puget Sound Study
also over-represented households with incomes greater than $45,000, and under-represented households
with incomes less than $35,000, a pattern which is suspected to be the case with the study described here
as well. In short, it is likely that the biases present in the current study sample are similar to those found

in other regional travel surveys.

6 Personal conversation with Kelli Cain, NQLS Project Manger, June 2004.
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Ill. Case Stupy ExisTiING CONDITIONS

The goal of this section of the case study analysis is to create a picture of current conditions in the
three communities. As shown in Figure 39 below, it aims to provide a description of the communities
along a number of inter-related dimensions: the built environment, attitudes, demographics, and travel

behaviot.

Travel Behavior

Built Environment Attitudes Demographics

Figure 39: The primary components of the case study analysis

The case study descriptions work on the premise that community level travel behavior is a product of
the built environment, which constrains travel choices, and demographics, which generates different travel
requirements for different segments of the population. In addition, travel behavior is also mediated by
attitudes and perceptions about walkability, accessibility, safety, etc., which influence and further constrain
available choices. Given this premise, this section will first present a description of each case study
location, including a brief summary of historical development, a review of community demographics, a
description of the local transportation system and its regional context, and a review of the built form of
the urban environment. Where relevant, survey respondents’ attitudes and perceptions of community
characteristics are also presented. A brief comparison of the three communities’ transportation systems,
land uses and urban development patterns, and “main street” profiles will summarize the context for

each community, before a comparison of travel behavior in the three communities is presented.

Note that the review of existing conditions and recommendations for urban design changes presented
here are only a summary of the more detailed findings presented in Appendix V, the Case Study

Report.
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A. White Center

Location

Located 12 miles south of downtown Seattle, White Center is surrounded by steep hills and sandwiched
between the Duwamish River and Puget Sound. It lies partly within the City of Seattle and partly in

unincorporated King County. Its location is shown in Figure 40 below.

Historical Development

White Center was first platted in the early 1900%. The first formal business to open in White Center
was the Oak Park Grocery, which was established in 1908 at the northwest corner of what is now 16"
Avenue and 107" street. In 1912, a streetcar line opened along 16" Avenue with service between Seattle
and Butien. By 1925 a substantial commercial center had developed along 16™ Avenue around Roxbury.
In 1931, King County paved the south side of Roxbury Street, and the streetcar line was shortened to
terminate there. After being cut off from downtown Seattle by a landslide over the tracks, streetcar

service to White Center was shut down in 1934 and replaced by bus service.

During and after World War II the area experienced strong growth as a bedroom community for
workers at the Boeing Plant and other industrial sites in the nearby Duwamish industrial flats. Many of
these workers” houses still exist in close to their original form. These houses are smaller than the average
in King County — only 800 square feet each. During this time White Center’s growth was focused on

development of housing stock, with little investment in public spaces.

The community has a reputation as an entertainment destination that dates to the early 1900, when
taverns, nightclubs, card rooms, pool halls, and a boxing ring located just outside of Seattle city limits
in unincorporated King County to avoid City laws prohibiting such activities. That reputation persists

>, €¢

today: White Center’s “main street”, 16th Avenue SW, currently has four taverns, one licensed restaurant,

two nightclubs and three adult bookstores.

In 1959, White Center refashioned the 16th Avenue commercial district into a ‘traffic mall.” Street
improvements included a 25 mph speed limit and concrete islands topped with shrubs and angled
parking, which increased parking spaces by 80 percent. Unfortunately, these improvements did little
to stop the district’s decline during the 1960’. As south King County grew rapidly during this period,
business was drawn away from White Center by new commercial facilities in Burien as well as by the
Southcenter and Westwood Village Malls. The large Boeing layoff in 1971 hit White Center hard and it

is only in the past decade that White Center has begun to see some reinvestment.

In addition to suffering from competition with more prosperous neighboring commercial centers and

loss of jobs at its largest employer, White Center has been constrained economically and socially by its
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split jurisdiction. This split has meant that acquiring public services — especially adequate police services
— and amenities as a unified community is difficult. The influence of different jurisdictions is visible in
the maintenance and configuration of the street realm; street trees are present on Delridge within the

Seattle City Limits, but are lacking on 16™ within unincorporated King County.

As real estate prices and traffic problems increase in other areas of Greater Seattle, White Centet’s
reputation is gradually changing as others recognize the value present in its relatively large residential
lots, inexpensive housing costs and fifteen-minute commute to downtown Seattle. In addition, as the

regional diversity grows, its multicultural population is increasingly seen as an asset and attraction.

Today, automobile services, ethnic groceries, restaurants and bars, and professional and neighborhood
services dominate the White Center economy. Thedistricthas especially attracted immigrantentrepreneurs
from Asia, the Pacific Islands, and Central America. According to the Puget Sound Business Journal,
more than 30 specialty shops for racial and ethnic groups are now doing business in White Center.
Inexpensive ethnic groceries, specialty shops, and restaurants have helped to create a value-destination
reputation that was previously based on a concentration of thrift stores. Indeed, many White Center

businesses claim that regular customers travel from up to thirty miles away.
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Figure 40: White Center in its Regional Context

White Center is increasingly viewed as a case study for urban renewal and numerous governmental
and non-governmental organizations both inside and outside the community are investigating the area’s
potential. A substantial grant from the Annie E. Casey Foundation has, over the past few years, helped
to create a network of leaders for the various ethnic communities and helped to initiate the White
Center Community Development Association (Seattle Times 2003). Currently there is also a high level

of public investment in the community.
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Demographics

White Center was once known as ‘Rat City’ — a nickname of uncertain origin which nonetheless
hints at the community’s traditional status in Greater Seattle. White Center has historically been a poor,
inner-ring suburb that served the needs of blue-collar workers and low-income families, and it has the
lowest median income of the three case study sites. There is a range of incomes within White Center
itself, however, with the lowest incomes found in the vicinity of a major public housing project, and the

highest incomes in the southwest corner of the case study site.

Compared to King County as a whole, White Center has a higher crime rate, a higher percentage of
families living in poverty, fewer students who finish high school, and a higher percentage of mothers

who receive inadequate prenatal care.

White Center is one of the most ethnically diverse communities in King County — 54 percent of its
population is non-White — and it has become a gateway community for immigrants in recent years.
Recent immigrants are attracted to this community because its low housing and rental prices provide
a place where new residents can get a start in their adopted country. The community includes people
from Latin America, Southeast Asia, East Africa and Eastern Europe, resulting in a vital, cosmopolitan
feel. Many new immigrants start small businesses in White Center -- it has been called “a suburban
version of Seattle’s International District” (PSB] 2002). These diverse populations tend to be located
around the commercial core of White Center, in the King County Housing Authority project, and in

other concentrations of multifamily housing;

White Center also has the largest average household size of the three case study areas — 2.6 persons
per household — which may be related to its large immigrant population. It also has a relatively high rate
of housing occupancy — 96.5 percent — compared to Kent and Redmond. Of the three case study sites,
White Center also has the oldest median date of housing unit construction, reflecting the fact that it is

an older residential community, with its beginnings in the early 20" century.

Transportation System

White Center has easy access to the SR 509 freeway, providing an efficient vehicle link to downtown

Seattle and Sea-Tac Airport.

The age of the community is reflected in the design of its street network: White Center is a classic,
early 20th Century ‘streetcar suburb’ with a gridiron layout of streets and compact blocks, many with
back lanes. White Center lies partly within the City of Seattle, although the more substantial portion
of the case study area is within unincorporated King County. This jurisdictional split is evident in the
community’s pedestrian infrastructure: most streets within the boundary of the City of Seattle possess

sidewalks, whereas within King County only arterial streets and those proximate to the commercial core
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around 16th Avenue SW have sidewalks.

While there is a designated network of bike routes, mainly along arterial roads, none of these routes

include marked bicycle lanes or signage.

Land Use and Urban Form

White Center possesses a traditional, somewhat strict separation of land uses. Commercial and retail
uses are found along the 16™ Avenue SW corridor, in the Westwood Village shopping mall, and in a
small cluster along 1% Avenue SW. White Center contains a wide range of land uses and community
services and has numerous parks. There is little to no residential density to be found in the commercial
areas, and there are few, if any, mixed use developments. Overall, White Center has a relatively low
residential density. Most of the community consists of single family homes. The low residential density
within and close to three commercial areas reduces the number of residents within walking distance of

retail destinations.

White Center has a high intersection density, and a high degree of street connectivity due to its
gridiron street network. However, because many of White Center’s streets lack sidewalks, the value
of that connectivity for pedestrians is reduced. Also, many streets lack formal drainage systems (i.e. a
curb and gutter system) further reducing separation of pedestrian walking space from the roadway. In
addition, the lack of a formal drainage system increases the amount of standing water during the wetter
months, which creates problems for pedestrians and cyclists. The community also lacks off-street

walking and cycling paths.

In summary, White Center has many assets, including a good amount of park space, a gridded street
network with high connectivity, and an ethnic diversity of residents that increases community vitality.
However, it also has specific deficiencies, including a lack of sidewalks and pedestrian routes, lack of
people living in and adjacent to commercial areas, and a lack of an identifiable center. The community has
‘cood bones’ in the form of a well-connected network of streets, but it lacks the pedestrian infrastructure

and the required residential and commercial density that would help promote walking.

Survey Respondent’s Comments on Willingness to Walk to Destinations and
Perceptions of Community Walkability

Approximately 95 percent of White Center survey respondents indicated that the availability of
well lit streets was a moderate to very important positive influence on their decision to walk in their
neighborhood; respondents also reported that they felt current lighting levels were adequate. The next
most important consideration was the presence of sidewalks, with 85 percent indicating that this was a
moderate to very important influence on their decision to walk. A majority of White Center residents

were strongly dissatisfied with the quality of existing sidewalks, and they also noted that the system is
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not continuous.

Approximately 80 percent of respondents ranked the proximity of shops and services as important
influences on their decision to walk, and a majority reported that they have shops, services and restaurants
within walking distance of home. Seventy percent of respondents reported that proximity to transit was

also an important positive influence on the decision to walk.

Ninety-one percent of respondents in White Center reported that crime was a moderately to very
important negative influence on their decision to walk, although respondents were evenly split on
whether or not they actually feel safe from crime when walking in their neighborhood. Seventy-five
percent of White Center respondents reported that traffic and busy intersections were important
negative considerations in the decision to walk in their neighborhoods. A majority of White Center
respondents felt that their neighborhoods currently were not safe from traffic, and they were evenly split

on the safety of their street crossings.

Finally, 70 percent of respondents in White Center felt that alack of places to walk to was an important
influence on their willingness to walk, and a strong majority thought that there were steep hills in the

community that reduce walkability.

Respondent Comments on Community Satisfaction from the Survey Research
Reasons for Choosing the Community

White Center respondents indicated that affordability was a very important factor in their choice
of home community, and that access to employment and schools and safety from crime were also
important considerations. In contrast, three quarters of all respondents indicated that ease of walking
was not at all or at best only a moderately important consideration in choice of community. As with the
other two communities, access to public transit and low transportation costs were not rated as important

considerations in choice of community.
Overall Satisfaction with the Community

A majority of White Center survey respondents showed strong satisfaction with current levels of
highway access, commute times to school and work, and access to shopping. A large number of
respondents also indicated they were strongly satisfied with access to public transit, although a fair number
of respondents also declared themselves neutral on this last issue. A large number of respondents
declared themselves moderately satisfied with the number of friends they have and people they know in
the community, the ease of walking in the community, the number of local restaurants, levels of traffic

noise, and the overall quality of the community as a place to live.

Respondents were more or less equally split between satisfaction and dissatisfaction in terms of
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the number of crosswalks and the easy of cycling in the community. A majority of White Center
respondents reported themselves more dissatisfied than satisfied with the quality of community schools,

access to entertainment, and the quality of the community as a place to raise children.

Finally, a majority of residents reported themselves strongly dissatisfied with levels of traffic and

safety from the threat of crime in the community.

B. Kent East Hill

Location

Kent Fast Hill is located to the east of Seattle in the valley of the Green River, as shown in Figure 41

below.

Historical Development

The first White settlers arrived in the Kent area in 1853 and established a claim southeast of what is
now downtown. The community first made its name as a center for hops, but by the time it incorporated
in 1890 the agricultural focus was shifting to grass and dairy farming, and by the 1920’s Kent had
become a center for vegetable truck farming. Japanese immigrants farmed much of the valley from
the 1920’ until they were evicted and interned in 1942. Less than one third of the original Japanese
population returned to resume farming, precipitating a gradual turnover to industrial uses. Valley lands
were attractive to developers due to their flat terrain and proximity to major rail lines, highways and
Sea-Tac airport, and warehousing and distribution became an increasingly important part of Kent’s

industrial development during the post war period.

Kent’s character has changed since the 1960%. Before 1960, 90 percent of Kent’s housing stock
was composed of single family dwellings, but by 1992 only 32 percent was still in that form. The
population of Kent has also grown significantly in the past few decades; between 1970 and 1990, Kent’s
population more than doubled, and between 1990 and 2000 it doubled again. This growth is expected
to continue for the next 20 years, although not at such a fast rate. As the City of Kent’s comprehensive
plan update states, “While this growth has brought some benefits ... it has also produced urban
sprawl, congested streets, and increased demand for community and human services, and threatened
environmentally sensitive areas” (Kent 2001). Kent East Hill began to develop in the 1960%, with
commercial development along Kent-Kangley Road. It is a new community, with a median housing unit

construction date of 1980.
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Demographics

Kent East Hill is a suburban neighborhood with a population of about 10,000. It has a median
household income of $46,985 which is higher than White Center, but lower than Redmond. Kent
East Hill has a relatively young population, with a median age of 30.7 years, the youngest of the three
case study sites. It is also surprisingly ethnically diverse: 42 percent of its population is classified as

‘non-White’. Of the three case study sites, it has the lowest average household size, at 2.4 persons per
household.

Transportation System

Kent East Hill is located approximately one mile from the SR 167 freeway, and is connected to
adjacent neighborhoods by a number of major arterials. The urban form of Kent East Hill is defined
by the intersection of three major arterials: Kent-Kangley Road, 256" Street and 104™ Avenue. Kent
has a small network of public roads, with many private roads taking the place of local streets. Most
of the private roads are self-contained systems — they do not create a connected network, but instead
are isolated mini-networks, often with only one or two outlets to a major arterial or collector. There
is an incomplete and disconnected network of sidewalks and pedestrian facilities, and while there are
designated bicycle routes along the major arterials, there are no bike lanes or signage for these facilities.
Most of Kent East Hill’s roads and streets have been constructed in the past 20-30 years using street
design standards which were established for the efficient mobility of automobiles; pedestrian and bicycle
facilities are minimal at best. Streets and travel lanes are wide so that cars can move at high speeds,
and there is very little on-street parking or landscaped buffers to provide a sense of separation

between cars and pedestrians.

Kent East Hill has a relatively good network of bus routes which provide connection to downtown

Kent and destinations notrth and south.

Land Use and Urban Form

Kent Fast Hill possesses an urban form typical of many suburban clusters that have developed in
the region since the 1960’. This form consists of a core of local retail — usually in the form of two
or more suburban strip malls — centered around a pair of intersecting arterials. In a typical suburban
cluster this retail hub is then surrounded by high density multifamily housing developments, each with
its own driveway or system of driveways, which separate it from surrounding properties. This ring of

multifamily development is then often surrounded by single family subdivisions.
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Figure 41: Kent East Hill in its Regional Context
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However, despite the concentration of commercial uses in its core and the nearby presence of
high density housing, the development pattern of Kent East Hill as a whole, as well as the site design
conditions of the multifamily housing developments, make walking difficult if not impossible. There
are no direct pedestrian routes from the multifamily housing developments to the retail core, and the
pedestrian facilities which do exist are minimal at best. As a result very little of Kent East Hill’s high
density housing is within a quarter mile actual walking distance of the commercial core, though it is
maybe less than a quarter-mile “crow fly” distance from the core. Furthermore, the commercial core
of Kent East Hill has quite a coarse grain of development; retail buildings are very large, and are often
surrounded by large parking lots. The large commercial blocks in the core and the abundance of pootly

linked private roads result in low connectivity and low walkability.

The City of Kent has recently completed updates to its Comprehensive Plan which explicitly address
some of the problems described above. Planning goals articulated in this update include emphasis on
future growth and development which minimizes sprawl, mixed use development, the development of
a transportation network which promotes a variety of mobility options, and the provision of public

tacilities, especially for medium and high density residential developments.

In summary, Kent East Hill does posses some positive assets, including some of the most affordable
housing in Greater Seattle; an ethnically diverse population; some unimproved public right of ways
which could be used for pedestrian and bicycle infrastructure; and nearby open space resources such as
Mill Creek Park. However, the community is also faced with a number of deficiencies, such as a lack
of accessible park space within its boundaries, low street connectivity, and low residential densities in

commercial areas.
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Survey Respondents’ Comments on Willingness to Walk to Destinations and
Perceptions of Community Walkability

As in White Center, approximately 95 percent of respondents indicated that the availability of
well lit streets was a moderate to very important positive influence on their decision to walk in their

neighborhood, and respondents reported that they felt current lighting levels were adequate.

The next most important positive influence was the presence of sidewalks, with 88 percent of Kent
East Hill respondents indicating this was a moderately to very important influence on the decision to
walk. In terms of the current quality of sidewalks in the community, a slight majority of Kent East Hill
residents indicate that they are satisfied with the quality of their sidewalks, though they note that they

are not continuous.

As with White Center, 80 percent of respondents also ranked the proximity of shops and services as
important influences. Of all three communities, Kent East Hill had the largest majority of respondents
agreeing with the statement that they have shops, services and restaurants within walking distance of
home. In Kent FEast Hill only 65 percent of respondents felt that proximity to transit was an important

influence on their decision to walk.

Crime was a moderate to very important negative influence on the decision to walk for 85 percent
of respondents in Kent, with a small majority of respondents reporting that they actually feel safe
from crime when they do walk. FEighty-two and 84 percent of Kent East Hill respondents reported
that traffic and busy intersections respectively were important negative considerations in the decision
to walk in their neighborhoods. A large majority of Kent East Hill residents reported feeling that their
neighborhood was not safe from traffic, although a small majority reported feeling that they had safe

street crossings.

Finally, 70 percent of respondents in Kent East Hill felt that a lack of places to walk to was an
important influence on their willingness to walk, and they were evenly split between agreement and

disagreement on whether or not steep hills were a constraint on walking in the community.
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Respondent Comments on Community Satisfaction from the Survey Research
Reasons for Choosing the Community

The greatest number of respondents agreed that the most important reason for choosing Kent East
Hill was its affordability. A majority of respondents also indicated that being close to jobs and school,
and safety from crime were moderately to very important factors and that access to shops and services
and freeways were also important factors. Clearly, however, respondents are thinking in terms of vehicle
access when they rate the importance of these mobility and access factors in choosing their community,
because a large majority also agreed that access to public transit was not an important factor in choosing
Kent East Hill for their home, and as with White Center, three quarters of all respondents indicated that

ease of walking was at best of only low importance.
Satisfaction with the Community

Kent East Hill residents reported themselves very satisfied with their commute times to school and
work, the quality of community food stores and their access to retail shops. Though there was a
broader range of opinion, they also reported themselves generally satisfied with highway access, the
number of friends and people they know in the community, community walkability, access to arts and
entertainment, traffic noise, the quality of restaurants, and the quality of the community as a place to
raise children and live. Respondents were generally satisfied with transit service as well, although, as
with White Center and Redmond, a large number of residents were neutral on the topic. Respondents

were also neutral on the quality of community schools.

Finally, residents were evenly split between satisfaction and dissatisfaction on safety from crime in
the community, and were generally dissatisfied with traffic volumes, ease of biking and the number of

crosswalks in the community.
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C. Redmond

Location

As shown in Figure 42 below, Redmond is located 11 miles north east of Seattle and four miles east
of Kirkland, at the north end of Lake Sammamish and along the valley bottom and slopes of the

Sammamish River valley.

Historical Development

When European settlers first arrived in the area in the 1870 they found so many salmon that they first

called the place Salmonberg. Twelve years later, the town was re-named after its postmaster of the day.

During the 1880 loggers who poured into the area built lumber and shingle mills. In 1888 the Seattle
Lake Shore and Eastern Railway reached the town. In its logging heyday, the town included a stagecoach
office, saloons and hotels, blacksmiths and eateries. Redmond was incorporated in 1912, and logging
began to fade shortly thereafter, as the last of the area's old growth forests were harvested. In the

following decades agriculture, specifically dairy and chicken farming, became the area’s mainstay.

With the completion of the Evergreen Point floating bridge across Lake Washington in 1963 Redmond
became directly connected to Seattle, contributing to significant suburban growth in the 1960’s and
1970%s. Growth accelerated with the completion of SR 520 and the annexation of the Overlake area
to accommodate the high tech industries locating there. With the arrival of Microsoft and many other
software and digital companies in the early 1980’s, Redmond grew rapidly and is now home to the head
offices of many major corporations. The city is a major regional employment center, with more jobs
than residents. Itis a very prosperous community, with a much higher median household income than

the average for King County or the other two case studies described here.

Substantial changes have happened to the built environment of Redmond over the past 10 years,
including the development of Redmond Town Center south of the historic downtown core, the creation
of a new municipal “campus” northwest of the downtown core, new shopping complexes at the north
end of central Redmond, and infill multifamily housing northwest of downtown. Redmond also has

an extensive park system with over 1,350 acres of parkland and over 25 miles of trails.

Redmond is currently in the process of completing a series of housing and traffic amendments to
its 2002 Comprehensive Plan. The housing amendments seek to “increase the supply and diversity
of housing in Redmond not only to provide more opportunities for people to live closer to work, but

also to meet better the needs of people of various ages and incomes, from young adults to seniors.”
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The traffic amendment “emphasizes land use and transportation strategies to reduce traffic impact

associated with more growth” (Redmond 2002).

Designated as a regional urban center under Vision 2020, Redmond is slated to receive substantial
residential and job growth over the next 20 years. Indeed, Redmond currently has both greenfield and
infill developments underway, including an array of mixed use developments and greenfield projects
which advertise themselves as transit oriented developments and walkable places to live. Redmond is
a community that has a lot going for it: economic vitality and diversity, abundant recreational facilities,
and an emerging urban milieu. Its challenge will be to manage this continued growth so that it produces

a built environment that is supportive of walking and biking, and accessible to a wide public.
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Redmond is located at the north end of Lake Sammamish, along the lowland valley of the Sammamish River. It is at the end
of SR 520, and about 11 miles from downtown Seattle. It is close to the Eastside communities of Kirkland and Bellevue.

Figure 42: Redmond in its regional context
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Redmond is the wealthiest of the three case study sites, with a median household income of $56,2006.

This is not surprising given the significant presence of high tech industry in the area. Itis also the oldest

case study site, with a median age of 37.7, and the least ethnically diverse, with approximately 34 percent

185
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of the population being classified as non-White. Redmond is also the least populous of the three sites;
within the case study boundaries the 2000 census population was 4,314. Redmond’s average household
size is 2.6, which is higher than Kent East Hill but lower than White Center. Finally, despite the fact that
Redmond was incorporated as a town in the early 1900’ the median date of housing unit construction

is 1981; this discrepancy reflects the explosive growth Redmond has seen over the past 20 years.

Transportation System

Redmond is well connected to the rest of King County by the SR 520 freeway. A grid of arterials
and major routes connect downtown Redmond to outlying suburban developments and adjacent
communities. The street network in much of Redmond, especially on the valley floor, is essentially a
grid system, although the majority of its block sizes are rather large. Redmond has a fairly compete
sidewalk system and it has a network of both marked and unmarked bicycle routes, which includes the

regional Sammamish River Trail.

With the exception of one single family neighborhood (Redmond Highlands), it would appear that

most of Redmond is well provided with transit service.

Land Use and Urban Form

Redmond is a collage of utban styles: it has an original late 19" century town core, a ‘postmodern’ /
‘new urbanist’ town center (essentially an outdoor shopping mall), areas of big blocked, auto oriented
office park and retail development, some early 20™ century style platted blocks, and areas of late 20™
century single family cul-de-sacs and loops. Current projects may help to link these pieces together into

a coherent whole, through infilling with high density residential and mixed use developments.

Redmond appears to have a good range of land uses, and an especially good distribution of restaurant
amenities: quite a large portion of the case study area is within a quarter mile walking distance of
restaurant destinations. However, Redmond has very little residential use in the commercial core,
although this appears to be changing. Redmond’s intersection density is mid-way between that of
White Center and Kent, and the connectivity of its street network is adequate at best - some blocks are

very large, and its single family neighborhoods have limited access routes to the downtown core.

Many of the streets in Redmond, including some of the main commercial streets, display the
characteristics of late 20™ century traffic engineering and transportation planning: wide travel lanes, no
planting strips or buffers, little on street parking, minimal sidewalks, and retail developments fronted with
parking lots. These characteristics all make for an unpleasant and unfriendly pedestrian environment.
More recent developments, however, have tried to reverse this trend by siting the buildings at the sidewalk

edge, providing wider sidewalks, and, in the case of Redmond Town Center, creating narrower streets
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with on-street parking,

Redmond has many positive assets, including proximity to large regional recreational resources such as
Marymoor Park and the Sammamish River Trail, an abundance of employment within the community,
a strong and fresh comprehensive plan, a new transportation plan, and a trend towards development of

higher density housing close to downtown.

However, it also has some deficiencies that need to be addressed. The old downtown is dominated
by the one-way couplet of Redmond Way and Cleveland/Avondale Rd. These ate not pedestrian
friendly streets because traffic moves too fast and development is stepped back away from the street. In
northwest Redmond where new residential developments are being created, the streets are too wide to
be intimate. Redmond needs to develop a more refined street hierarchy, so that some of these streets
begin to feel more like local streets and less like arterials. There is also a lack of residential density in the

old downtown area and in the new town centet.

Survey Respondents’ Comments on Willingness to Walk to Destinations and
Perceptions of Community

As in Kent East Hill and White Center, approximately 95 percent of Redmond respondents indicated
that the availability of well lit streets was a moderate to very important positive influence on their
decision to walk in their neighborhood. Redmond respondents showed the strongest satisfaction with

current lighting levels of any of the three communities.

The next most important positive influence was the presence of sidewalks, with 91 percent of
Redmond respondents indicating this was a moderately to very important influence on the decision to
walk. In terms of the current quality of sidewalks in the community, Redmond residents again indicated

that they were strongly satisfied, and that there were continuous sidewalks on most streets.

Approximately 80 percent of respondents in Redmond, as in the other communities, ranked the
proximity of shops and services as important influences. A majority of Redmond respondents also

reported that they have shops, services and restaurants within walking distance of home.

In Redmond only 55 percent considered proximity to transit an important influence on their decision

to walk, compared to 70 percent of respondents in White Center.

Only 74 percent of Redmond respondents reported that crime was a moderately to very important
consideration, a smaller percentage than in White Center or Kent. A strong majority of respondents

from Redmond also reported that they currently feel safe from crime when walking,

Seventy-five percent of Redmond respondents reported that traffic and busy intersections were

important negative considerations in the decision to walk in their neighborhoods, and a majority felt



ChapterV 188

that they have safe street crossings and that their neighborhoods are safe from traffic.

Finally, whereas 70 percent of respondents in both Kent East Hill and White Center felt that a lack of
places to walk to was an important influence on their willingness to walk, only 65 percent of Redmond
respondents felt the same way. In addition, a strong majority in Redmond thought that there were steep

hills in the community that reduce walkability.

Respondent Comments on Community Satisfaction from the Survey Research
Reasons for Choosing the Community

Redmond respondents indicated that access to employment and school and safety from crime were
the two most important factors in choosing their community. They also indicated that affordability and
freeway access were very important, and that proximity to open space, proximity to shops and services,
walkability and sense of community were somewhat important. Finally, most Redmond respondents
indicated that access to public transit and low transportation costs were of little importance in their
decision on where to live, and 60 percent indicated that walkability was of little or no importance in

their decision.
Satisfaction with the Community

Redmond respondents showed very high satisfaction with access to highways from their community,
with commute times to work and school, with access to retail shops, arts and entertainment, neighborhood
walkability, safety from the threat of crime, the quality of neighborhood restaurants and food stores, and
the overall quality of the community as a place to live. While still largely positive, respondents showed a
broader range of satisfaction with the number of friends and people they know in their community, the
ease of biking around the community, the number of pedestrian crosswalks, the quality of its schools,
and its quality as a place to raise children. Respondents were also satisfied with access to public transit

in Redmond, although a considerable number were neutral on the topic.
Respondents were evenly split between satisfaction and dissatisfaction with traffic noise, but they
were generally dissatisfied with tratfic volumes.

D. Similarities and Differences between the Three Communities

Transportation Systems

Each of the case study areas has easy access to one of Puget Sound’s major freeways: White Center
to SR 509, Redmond to SR 520, and Kent East Hill to SR 167. Each community has good access to the

major transportation corridors in the region. In terms of their internal street network, each case study
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community contains a basic grid of arterials and collectors; Kent’s major roads seem to be spaced the

furthest apart.

The vintage of each community is reflected in each of their street network systems: White Center is
an eatly 20™ Century classic ‘streetcar suburb’ — with a gridiron layout of streets and blocks. Redmond
has a small core of eatly 20" century gridiron blocks, and its valley ateas also have a grid pattern, but it
is full of holes, and needs completion in order to better connect the network. Kent East Hill has a small
network of public roads, with many private roads taking the place of local streets. Most of the private

roads are self-contained systems, often with only one or two outlets to a major arterial or collector.

While each of the communities has designated bike routes, most of these routes do not include actual
facilities such as bike lanes marked on the roadway, separate paths, or signage. Only Redmond has

marked bike lanes, but this system is partial and incomplete.

Redmond has a relatively complete network of public sidewalks, but Kent East Hill and White Center
do not. Most, but certainly not all, of the streets in White Center that fall within the City of Seattle
have sidewalks; on the King County side of the community most streets do not have sidewalks, except
for arterials or collectors and streets immediately surrounding the commercial core of 16™ Avenue SW
and Roxbury. Kent East Hill has only a partial system of sidewalks; most of the major arterials have
them, but on 256™ Street they end shortly east of 104™ Avenue. Some private roads have sidewalks,
but most do not. There is little linkage or connection between the private sidewalks and the system of

public sidewalks.

Land Use

The overall land use, residential density and restaurant buffer maps shown in Figure 51 provide a
sense of the organization of activities and land uses in the three communities. White Center is shown at
a smaller scale relative to the Kent East Hill and Redmond, because it is twice as big. Full size versions

of these maps can be found in Appendix V.

The first row of maps shows the distribution of land uses (as opposed to zoning) in the three
communities; each color represents a different use, red being commercial, yellow residential, and blue
civic or institutional. Even taking into consideration the difference in scale in the maps, it is interesting
to note the relative concentration of White Centet’s commercial land uses into three discrete areas
when compared to Redmond or Kent, which have large dispersed commercial areas as indicated by the
concentration of red colored parcels. In all three communities however, there is a fairly strict separation
between uses, a legacy of modernist planning and zoning as well as contemporary development

practices.

The second row of maps in Figure 43 displays residential density, with dark brown being the densest
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and gray the least dense. The maps reveal that all three case study communities lack any substantial
residential density in their commercial areas (as represented by the red areas in the maps in the first
row); gray areas in this second row represent land which has less than one dwelling unit per acre. As a
result of having little to no residential presence, these commercial areas become ‘dead’” when the shops
and services shut for the day. The lack of a residential presence in commercial areas means that there
are no ‘eyes on the street’ at night, which leads to a perception, and perhaps reality, of lack of safety
for pedestrians on the street. Especially in suburban communities such as Kent, the commercial center

turns into a sea of empty parking lots at night.

It is also worth noting that all three communities have areas of high density residential development
as indicated by the brown areas on the maps in row two, which represent multi-family dwellings; Kent,

in fact, displays a higher proportion of multi-family dwellings than single-family dwellings.

The final row of maps in Figure 43 shows quarter-mile network buffers around restaurants in each
case study community. These maps reveal the extent of each study area that is within a comfortable
five minute walk of a restaurant, and likely commercial shops and services as well. White Center has
the highest street connectivity of the three areas due to its gridiron street network, and keeping in
mind that this community is presented here at a smaller scale than the other two, shows the largest
number of households within a quarter mile walk of a commercial destination. Interestingly, the spread
out distribution of restaurants within Redmond’s large commercial land area means that of all three
case studies, this community has the largest land area within a quarter mile walk of these destinations;
however, by comparing the coverage of these restaurant buffers to residential density in the second row
of maps, one can see that, with the exception of a few newer high density residential developments
in the core, very few households are within a five minute walk of restaurants. Kent East Hill displays
essentially the same conditions as Richmond, in that restaurant buffers do not substantially overlap with

residential areas.
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Figure 43: Comparison of Land Use Measures

Travel Time to Key Destinations by Walking

The relative inaccessibility of commercial destinations revealed in the review of land uses above is
confirmed by survey respondent reporting on destinations that are within a five minute walk of their
homes. As shown in Table 77 below, the only destinations that are within a five-minute walk of at least
30 percent of homes in Kent East Hill and White Center were bus stops and convenience stores; in
Redmond only bus stops and parks were within reach of 30 percent of homes in five minutes. Thirty
percent of respondents in Kent East Hill and White Center could reach a slightly wider range of shops

and services within a ten minute walk of home than that same percentage of Redmond respondents.

Greater differences arise when respondents reported those destinations that were more than a 30
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minute walk from home. While more than 30 percent of respondents in all three communities reported
that their jobs would be at least a 30 minute walk from home, the same percent of Kent Fast Hill and

White Center respondents reported that a wide range of other shops and services were also more than

a 30 minute walk from home.

Kent Redmond White Center
Within 5 minutes of Bus stop Bus stop Bus stop
home for at least 30% Convenience store Parks Convenience stores
of respondents
Within 10 minutes of Schools Schools Schools
home for at least 30% Parks Convenience store Parks
of respondents Supermarket Supermarket Supermarket
Hardware store Laundry Laundry
Fruit/vegetable market Fast food Fast Food
Laundry Coffee shop Coffee shop
Fast food Bank Bank
Coffee shop Restaurant Restaurant
Bank Video store Video Store
Restaurant Pharmacy Pharmacy
Video store Salon
Pharmacy Park
Greater than a 10 Library Hardware store Clothing store
minute walk for at least Gym Job Post office
30 % of respondents Job Library
Recreation Center Book store
Liquor Store Job
Doctor

Table 77: Accessibility of destinations to community residents

Urban Form

Each of the urban form measure maps in Figure 44 below show a 1km square area; each is focused
on the commercial core of the case study site. The three rows of maps display block size, intersection

density, and a figure-ground perspective of building area and open space.

The block diagram demonstrates the significant differences in block size, block layout and public
street network pattern between the 3 case study communities. White Center has the block layout of a
classic late 19" century/early 20" century ‘streetcar’ suburb; blocks are relatively small — 600 feet long by
270 wide — and streets are laid out in a grid pattern. Kent East Hill demonstrates the urban form typical
of late 20" century suburban development: it is a formerly rural community that has been subdivided
to accommodate ‘suburban cluster’ development. Kent East Hill has very large blocks — some as long
as 2000 feet. The few public streets are laid out on a large grid, which tends to conform to the section
and plat lines defined by the land ordinance survey. Within these large public blocks are autonomous
systems of private streets within multifamily and single family developments. Redmond is a curious
hybrid of eatly and late 20" century urban forms: it has an older core of small blocks on the same
scale as White Center, created when Redmond first evolved as a community in the eatly 20™ century.

However, it also has large blocks, although not as large as in Kent, which ate filled with late 20" century
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retail and commercial development.

The intersection density diagram reveals the different connectivity patterns in each community. White
Center has high connectivity with its gridiron of intersections, whereas Kent East Hill demonstrates
low connectivity due to its enormous distances between intersections. Redmond displays a medium
connectivity rate: there are areas with higher connectivity due to smaller block sizes, but there are also
areas within Redmond that have low connectivity due to the street network pattern of large blocks and

dead end streets. Redmond’s grid network, in essence, has gaps that are waiting to be filled in.

The figure/ground diagram illuminates the relationship between built form and open space. White
Center, for the most part, displays what we would call a fine grained development pattern: small buildings,
on small lots, with most buildings placed close to the street that help to define a closed-in form to the
street. In the commercial core along 16™ Avenue SW buildings are located right on the property line,
creating a coherent ‘street wall” for two to three blocks and giving the strip a classic ‘main street’ feel. At
the same time, there are significant ‘holes’ within the pattern of buildings in White Center, representing

either vacant lots or open spaces, which break the continuity of urban form.

Kent East Hill displays a courser grain of commercial development; the retail buildings are very large
and surrounded by the empty space of paved parkinglots. The multifamily developments that surround
Kent Fast Hill’s shopping centers have a finer grain, being made up of small buildings often laid out on
a grid pattern. However, the space between these buildings is private space, not public rights of way as

in White Center.

Redmond contains a mixture of development patterns and grains, including large buildings and
blocks of auto-oriented retail and commercial development, but also the finer grain of early 20 century

‘downtown’ and more recent infill of high density residential and mixed use development.
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Figure 44: Comparison of urban form measures
Main Street Section

The ‘Main Street’ sections in Figure 45 below also demonstrate the significant differences in
development patterns between the 3 case study areas. Cross sections are presented for one primary
commercial street in each community. The street sections show the street width, the number, width and
configuration of travel lanes, the presence or absence of parking, the distance between buildings and

the street front, and the scale of pedestrians within these configurations. Cross sections are presented
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at the same scale for each community.

Sixteenth Avenue SW in White Center displays the classic form of an early 20th century main street:
buildings are located on the property line, creating a distinct ‘street wall’ and a feeling of enclosure to
the street. Sidewalks are narrow, but provide easy access for pedestrians. The diagonal parking provides
a buffer between pedestrians on the sidewalk and the through traffic. It is a relatively wide right of

way, but there are only two through travel lanes.

104" Avenue SE in Kent East Hill is also a wide street, about the same width as 16™ Avenue in White
Center; however, it appears considerably wider because the buildings are set so far back on the adjoining
properties (and because the parcels and blocks are so big). The distance between the sidewalk and the
building behind it is often as large or larger than the street width itself. This means that pedestrians
have quite a distance to walk — usually through parking lots with no sidewalks or designated pedestrian
path — in order to get to the front door of a building. This is typical of late 20™ century development
patterns that are essentially engineered to facilitate travel by automobile. Furthermore, the sidewalks are
narrow and there is no buffer of parking, street trees or a planting strip to separate pedestrian sidewalks

from through lane traffic.

Redmond Way also demonstrates late 20" century traffic engineering and development patterns,
although the distance between the sidewalk and building entrances is not so large as in Kent due to
smaller parcel sizes and a smaller scale of retail development. However, as in Kent, there is no buffer
between the sidewalks and the roadway, although trees can be found in planting strips on some private
properties. Parallel parking provides somewhat of a barrier for pedestrians on the south side of the

street.
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Main Street Sections
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Figure 45: Comparison of Main Street Sections

E. Comparison of Respondent Perceptions and Attitudes

In terms of community walkability, White Center respondents report themselves strongly dissatisfied
with the condition of community sidewalks and safety from traffic, and are split on whether or not
they feel safe from crime when walking. In addition, they provide somewhat ambiguous responses to
questions about the availability of walking destinations in their community. While a majority state that

they have shops, services and restaurants within walking distance, a majority also state that not having
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any place to walk to in their neighborhood is an important negative influence on their decision to walk.
Despite these fairly negative responses to specific questions, a majority of respondents also report
themselves moderately satisfied with the overall ease of walking in their community. These responses
suggest that, while White Center respondents recognize the shortcomings of their community as a
place to walk, they place relatively little importance on neighborhood walkability overall — a conclusion
supported by their low ranking of community walkability as a consideration in their choice of home

location.

Kent East Hill respondents reported that they were moderately satisfied with the condition of their
sidewalks, but that they did not feel safe from traffic when walking. As with White Center, they reported
on the one hand that they had restaurants, shops and services within walking distance of home, but that
at the same time a lack of nearby destinations was an important negative influence on their decision to
walk. Finally, as with White Center, a majority of respondents reported themselves moderately satisfied
with community walkability, although they rated this concern very low in terms of its influence on their

choice of home location.

Redmond respondents were most satisfied with current walking conditions in their community, with
strong majorities reporting that their sidewalks were of high quality and that they felt safe from crime
and traffic when walking, Also, the percentage of respondents who felt that the lack of places to walk
to was an important negative influence on their decision to walk was smaller than in either of the other
two communities, although a substantial number of respondents felt that steep hills were a constraint
on walking., Finally, the percentage of respondents who ranked community walkability important as
a consideration of home location was considerably higher than in the other two communities — 40

percent, compared to only 25 percent in both White Center and Kent East Hill.

As shown above in Table 77, a ten minute walking time appears to be an important threshold for access
to a wide range of uses, such as restaurants, shops and services, in all three communities. Whether or not
respondents see this as a reasonable walking distance is debatable, given their conflicting responses to
questions about the accessibility of shops and services and the presence or absence of places to walk to
near their homes. On the other hand, responses from all three communities accurately reflect the actual
state of neighborhood sidewalks, and these answers correlate well with respondents’ reported sense
of safety from traffic: in Kent and White Center, where sidewalks are incomplete, respondents report
feeling unsafe from traffic; in Redmond, where the sidewalk network is largely complete, respondents

report feeling safe from traffic.

Finally, a majority of respondents in all three communities indicated that transit service and
transportation costs were not important considerations in their selection of home location. More
respondents reported themselves satisfied than dissatisfied with transitin all three communities, although

large numbers of respondents also reported themselves neutral on the subject.
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F. Survey Respondent Travel Behavior

Travel survey respondents in the three communities completed a two-day trip diary where they reported
the travel modes, purposes, and origins and destinations of each trip. The following descriptions highlight

some of the stronger similarities and differences in travel behavior in the three communities.
How many trips do people make each day?

Daily personal trip rates are quite comparable in the three communities, at 4.7 trips per day in Kent,
4.8 in Redmond, and 4.7 in White Center. SOV trip rates were highest in Redmond, transit trip rates
were highest in White Center, and walking trip rates were highest in Kent East Hill. Trip rates break

down by mode and community as shown in Table 78 below.

Kent Redmond White Center
Sov 8.3 3.6 8.3
Transit 2.0 2.1 2.3
Walking 2.4 2.2 2.2

Table 78: Trip rates by key modes

What purposes are people making trips for?

Trips are only a means to an end, and the vast majority of trips taken in the communities serve to meet
everyday household needs. In all three communities, excluding return trips to home from a variety of
destinations, the top four trip purposes were traveling to work, traveling to school, incidental shopping,

and picking up and dropping off others. Further breakdowns by community are provided in Table 79

below.
Kent White Center Redmond

To work/work related 41.0% 40.5% 41.5%
To school 12.2% 12.0% 11.3%
Incidental shopping (errands) 9.9% 10.5% 8.9%
Drop-off/pick-up 6.0% 5.9% 6.9%
Eating out 4.9% 4.3% 4.1%
Personal business 4.8% 3.6% 4.5%
Entertainment 2.8% 2.5% 2.2%
Other activity 2.8% 3.2% 2.2%
Waiting for transportation/ 2.3% 4.2% 3.4%
Changing modes

Visiting friends and relatives 1.8% 2.4% 2.5%
Fitness/exercise 1.8% 1.8% 1.6%
Major shopping 1.4% 0.8% 1.7%
Church activities 1.1% 1.1% 1.7%
Medical/dental 0.9% 0.9% 0.8%
Civic activities 0.3% 0.4% 0.4%
Recreation 0.3% 0.7% 0.1%

Table 79: Comparison of reported trip purposes by community

On average, how long are trips for different purposes?
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Some daily needs can be met near the home; others require respondents to travel farther afield.
Trip purposes that consistently require residents to travel far from home may indicate a deficiency in
the range of shops, services and other destinations in the local community. Results for these and all

tollowing descriptions are presented in Table 80 at the end of this section of the chapter.
Shortest Average Trip Length by Purpose

Respondents in all three communities consistently reported’ that the shortest trips — those completed
closest to home, likely within a few blocks — were for incidental shopping and travel to school. Other
purposes, which were among the shortest trips made, were eating out and entertainment in Kent, eating

out and going to church in Redmond, and civic and personal business in White Center.
Frequency of Purposes for Trips Under One Mile

When trip purposes are examined according to their frequency by length, a slightly different pattern
emerges: in all three communities travel to work is reported to be among the most frequent purpose for
trips less than one mile in length. In Kent East Hill and Redmond, dropping off and picking people
up also show up as frequent purposes for trips under one mile, and may correspond to adult household
members taking children to school. In White Center and Redmond, changing modes/waiting for
transportation was also frequently reported as a purpose of trips under one mile. All other purposes

frequently reported at this length were the same as those for the shortest trips reported.
Longest Average Trips by Purpose

In all three communities travel to work accounted for the third average longest trip length. In Kent
East Hill and Redmond long trips were also reported for medical/dental and civic purposes. Other
purposes that were associated with the longest trip lengths in the three communities were major shopping,
recreation and entertainment, suggesting that respondents regularly access regional destinations outside
their communities for these purposes. Generally speaking, the average lengths of trips for all purposes
were shorter in Kent FEast Hill than in the other communities, suggesting that residents are able to
meet more of their daily needs somewhat closer to home in this community, despite the fact that this

community has the lowest street connectivity of all three case study locations.
Frequency of Purposes for Trips Over Five Miles

Interestingly, three of the most frequently reported purposes for trips longer than five miles are the
same as those for trips under one mile: getting to work, incidental shopping, and drop-offs and pick-ups.
As shown in Table 79 above, with the exception of trips to school, these are also the most frequently
reported trip purposes overall, suggesting that travel for these purposes is distributed among trips of

all lengths.

7 While the trips themselves were reported by community residents, their actual length was calculated in a GIS environment.
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Work trips are among the longest taken by residents in all three communities, yet, as previously
noted, travel to work is also among the most frequent purpose of trips under one mile. Also, as will be
described below, travel to work is one of the most frequently reported walking trip purposes. These
results and the journey to work mode shares reported earlier in Table 66 and Table 67 suggest that,
where work destinations are within a reasonable distance from home, a substantial portion of the

population is willing to walk to accomplish the trip.

It is also worth noting that 65 to 70 percent of medical/dental trips reported by Kent East Hill and
Redmond residents were found to be over five miles in length. This suggests that these communities
may be under-serviced with medical/dental facilities, raising important accessibility concerns for eldetly
and lower income residents without regular access to private vehicles. In contrast, only 42 percent of
medical/dental trips in White Center were longer than five miles; on the other hand, 73 percent of
recreational trips in White Center were over five miles in length, suggesting a possible deficiency in open

space in that community.
Which travel modes do people use to accomplish different trip purposes?

Generally speaking, the trip diary results showed that transit, walking and driving are used to serve
the same trip purposes but that walking is used to accomplish nearby purposes and transit more distant
ones. Driving was used to accomplish trip purposes at all lengths. Details by community are presented

below.
What is transit most frequently used for and long are the trips?

Excluding changing modes, travel to work and school are among the most frequent purpose of transit
trips in all three communities. In Kent East Hill and White Center, “other” is also a frequently reported

purpose of transit trips, as is drop offs and pick ups in Redmond.

The focus of transit use on trips to work is not surprising, given that transit service is usually most
efficient to destinations with large numbers of jobs, such as downtown cores. The fact that “other,” a
category which comprises a wide variety of incidental trip purposes not captured in major categories,
is such a significant focus of transit trips in Kent East Hill and White Center suggests that transit
accommodates a wide range of travel needs in those communities. The significant use of transit for
trips to school may reflect travel by bus by school age children. Drop off and pick up trips in Redmond

may reflect the same underlying purpose.

By far the greatest majority of transit trips, at least 58 percent in all three communities, were over
five miles in length, reflecting the fact that trips to work are also among the longest trips, on average,
reported by community respondents. In Redmond, another 26 percent of transit trips were below one

mile in length, a substantially higher proportion than was the case in either Kent East Hill or White
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Center, implying that local transit service in Redmond is an effective means of accomplishing trip

purposes close to home.

A question in the household survey asked respondents to rate how easy it was to access destinations
in their communities by transit. Slightly more White Center respondents found that it was easy to
reach work by transit than found it difficult. A large majority reported that it was easy to reach grocery
stores and parks by transit, and a slight majority reported it difficult to access malls with this mode.
Approximately 50 percent of Redmond survey respondents indicated that it was somewhat or very
difficult to reach work or grocery stores by transit. There was no trend in terms of perceptions
of the accessibility of parks or malls by transit in that community. Finally, responses by Kent East
Hill residents indicate that, within that community, access to transit services, and the quality of those
services, is unequal. For example, while approximately 60 percent of respondents indicated that it was
very or somewhat easy to get to work by transit, another 25 percent indicated that it was very difficult
to do so. Likewise, while one quarter indicated that it was very easy to reach malls by transit, another
quarter indicated that it was hard. The majority of respondents from Kent East Hill reported that it was

easy to access grocery stores and parks by transit.
What trip purposes do people walk for and how long are the trips?

In all communities, excluding changing modes/waiting for transportation, travel to work and incidental
shopping are the most frequently reported walking trip purposes, followed by eating out. Travel to
school also ranked highly in Redmond and White Center, being the third and fourth most frequent
walking trip purposes respectively, but only the seventh most frequent purpose in Kent. This may
suggest that more children are being driven to school in Kent (reflected in its high frequency of drop
off and pick up trip purposes for trips under one mile), or the school age population may be smaller in

this community.

Not surprisingly, incidental shopping, eating out and travel to school were also the shortest trips
reported by respondents, and travel to work was the most frequent purpose of trips under one mile.
Clearly, respondents choose walking to accomplish short trips close to home. In Redmond and White
Center 93 percent of walking trips were less than one mile in length. Interestingly, in Kent East Hill only
83 percent of walking trips were less than one mile in length. The fact that people are walking further in

Kent East Hill supports the earlier finding that street connectivity was lowest in that community.
What sort of trip purposes are people driving for? How long are these trips?

In all three communities the most frequent SOV trip purposes were the everyday tasks of traveling to
work, incidental shopping, and picking up and dropping people off. Eating out and personal business
were also frequent purposes. These generally also correspond to the most frequent overall trip purposes,

as well as the most frequently reported walking trip purposes. The one exception is that driving is
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more frequently used to pick up and drop people off, and walking is more frequently used for travel to

school.

In all three communities approximately 20 percent of SOV trips were less than one mile in length.
In Redmond and White Center, and another 40 percent were over five miles, and in Kent East Hill 44

percent of SOV trips were over five miles in length.
On average, how far, and for how long, do people travel by car each day?

Vehicle miles traveled have implications for both air quality and energy use, and trends in vehicle
hours traveled provide us with information about congestion levels and their impact on quality of life.
All three communities showed nearly identical outcomes on these two measures: respondents travel
an average of 26.5 miles per day, and spend approximately 3.3 hours a day in vehicles. Kent East Hill
residents spend slightly less — 3.1 hours per day — in vehicles, reflecting the shorter average trip lengths
reported in this community. The Kent example clearly shows that having more destinations close to
home has a direct relationship to spending less time in your cat, even in a community where the street

network displays low connectivity.
How do people get to work?

One of the interesting findings of this research was the frequency with which people will walk to
work when that destination is a reasonable distance from home. The case studies purposefully selected
communities with residential neighborhoods near to commercial/office districts, and mode shares for
the trip to work for these communities showed that 8 percent of work trips in Redmond and White
Center and 11 percent of work trips in Kent East Hill were accomplished by walking. When only trips
to work longer than one mile were considered, walking mode share dropped off to 1 percent in all three

communities.

When trips to work of all lengths are considered, White Center had the highest carpool mode share at
17 percent and Redmond the highest SOV mode share at 73 percent. Transit mode shares ranged from

3 to 5 percent. Further details are presented in Table 80 below.

Finally, whereas 6 percent of those employed worked from home in Kent East Hill and White Center,
twice that number, 12 percent, reported working from home in Redmond. There were no appreciable

differences in work at home rates between men and women in any community.
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Kent Redmond White Center
Shortest Reported Trips, in order of Entertainment Church Civic
frequency reported Eating out To school To school
Incidental shopping Eating out Incidental shopping
To school Incidental Shopping Personal business
Most Frequent Trips Under 1 Mile, in order | Incidental shopping Incidental shopping Incidental shopping
reported To work Pick up/drop off To work
Pick up/drop off To work Eating out
Eating out Eating out Personal business
Longest Reported Trips, by frequency Medical/dental Medical/dental Major shopping
reported Civic Civic Recreation
To work To work To work
Major shopping Entertainment Entertainment
Most Frequent Trips Over 5 Miles, in order | To work To work To work
reported Incidental shopping Major shopping Pick up/drop off
Pick up/drop off Pick up/drop off Incidental shopping
Most Frequent Transit Trip Purposes, in To work To work To work
order reported Other To school To school
To school Pick up/drop off Other
Percent of Transit Trips Over 5 miles 60% 58% 59%
Most Frequent Walk Trip Purposes, in To work To work To work
order reported Incidental shopping Incidental Incidental shopping
Eating out shopping Eating out
Entertainment To school To school
Eating out
Percent of Walk Trips Under 1 Mile 83% 93% 93%
Most Frequent SOV Trip Purposes, in To work To work To work
order reported Incidental shopping Incidental shopping Incidental shopping
Pick up/drop off Pick up/drop off Pick up/drop off
Eating out Personal business Personal business
Percent of SOV Trips Under 1 Mile 20 % 21% 19%
Percent of SOV Trips Over 5 Miles 44 % 39% 40%
Average personal daily VMT 26.5 miles 26.6 miles 26.4 miles
Average personal daily VHT 3.1 hours 3.4 hours 3.4 hours
Mode Split for the Trip to Work (all trips) 70% SOV 73% SOV 71% SOV
14% HOV 11% HOV 17% HOV
11% Walking 8% Walking 8% Walking
4% Transit 5% Transit 3% Transit
1% Cycling 2% Cycling 1% Cycling
0% Other 0% Other 1% Other
Mode Split for the Trip to Work 77% SOV 79% SOV 77% SOV
(only trips longer than 1 mile) 16% HOV 12% HOV 18% HOV
5% Transit 5% Transit 3% Transit
1% Walking 2% Walking 1% Walking
1% Cycling 1% Cycling 1% Cycling
0% Other 2% Other 0% Other

Table 80: Summary of travel behavior in the three communities

IV. REcoMMENDED URBAN DESIGN STRATEGIES

The intention of this section of the report is to articulate a range of land use, urban design, and
transportation infrastructure strategies available to the case study communities. Strategies have been
chosen that make sense for each case study site given their specific deficiencies and assets. The underlying
goal behind these recommendations is the (re)development of an urban form that is more compact and

better connected, so that walking, biking and the use of transit are increased and ultimately, regional air
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quality and public health are improved.

The previous section examined the urban design and land use contexts of each community to
determine their assets and deficiencies and to target key urban form issues that need to be addressed.
The case study team reviewed contemporary North American — and especially West Coast —urban design
research, policy and practice for examples of transit oriented development and design and high density
housing typologies that are both appropriate to the West Coast suburban context and complementary
to existing plans and policies of the various jurisdictions in King County. The team examined public
policies and investments as well as private development opportunities, and chose a variety of best
practices and ‘best typologies’ as ways of illustrating a range of land use, transportation and urban
design policies, strategies and investments which communities could pursue in order to shape a built
environment more conducive to active living. These strategies are diagrammatic and conceptual, rather

than “implementation ready.”

The team has endeavored to identify land use and transportation investments that will serve not only
land use targets and transportation capacity goals, but that will also help to improve public health, air
quality, environmental sustainability, and civic accessibility, and, eventually, lead to the creation of a

more coherent, livable, and aesthetically pleasing civic and public realm.
Summary of Urban Design Strategies

All three case study locations have a diverse and concentrated mix of land uses; however, they all
currently lack adequate residential density and pedestrian connectivity to generate high walking trip
rates. Given these shortcomings, the team suggests three primary urban design and transportation

strategies which are applicable to all three communities:

* Increasing residential density in commercial areas by allowing and promoting more mixed

use and high density residential development.

*  Creating a Greenways/public ways system which connects public spaces with a series
of pedestrian and cycling routes at three levels: within each neighborhood, between
neighborhoods within the community, and between communities via a series of regional

trails.

* Introducing improvements to major community streets through streetscape
improvements — including development of sidewalks — and street design changes which

support their use by pedestrian and bicyclists.

Each of these strategies addresses multiple concerns and issues that were made evident in the analysis
of existing conditions. Applications of the strategies to each community are outlined below and

described in more detail in Appendix V, the Case Study Report.
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A. White Center

From the analysis of existing conditions, it is evident that White Center has a well-connected network
of streets, but lacks the pedestrian features necessary to support walking. White Center also needs a

greater concentration of people living within walking distance of its commercial areas.

White Center does not need to build in additional street network connectivity. Instead, it needs to
add pedestrian amenities such as sidewalks, buffers, street trees, crosswalks, and pedestrian scaled street
lights. In some locations traffic calming may also help make walking feel safer. White Center could also
use an increase in retail and commercial destinations spread throughout the community in the form of
nodes of retail shops, convenience stores, and restaurants, as most residents are currently too far from

existing commercial areas to comfortably walk to them.
Specific strategies proposed for White Center include:

*  Rezoning single family neighborhoods to allow infilling with duplexes and triplexes to

increase residential density.

*  The completion of the sidewalk and street drainage system, including design and development

of natural drainage systems.
e Creation of an international marketplace/small business incubator building;
*  Development of alternative affordable housing options.

Details on these strategies are provided in the full case study report.

White Center Community Aspirations as Identified in Respondent Comments in
the Surveys

Survey respondents were asked what kinds of land uses near to transit stations would encourage them
to use transit more often, and more generally, their opinion of a series of potential public investments in
the community. They were also surveyed for their preferences among pairs of land use and urban form

measures and contrasting community styles. Responses to these questions are described below.
Land Uses that Would Encourage Residents to use Transit More Often

When asked what sorts of places near transit or rail stations would encourage them to use transit
more often, White Center respondents indicated a grocery store most frequently, followed in descending

order by a bank or credit union, a restaurant or tavern, a doctor or health clinic, and a park.
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Opinions on Possible Public Investments in the Community

The most frequent choices for top priority in community public investment were completing the
sidewalk system, development of additional affordable housing, and more parks and open space. The
top picks for second priority were more small businesses and services, completing the sidewalk system,
and once again, affordable housing. Finally, the two choices which stood out as equally popular for third
most important investment in White Center were improved residential street lighting and a pedestrian

and bicycle trail system.

The potential investment perceived most undesirably by White Center respondents was new or
expanded freeways, which 24 percent rated as extremely or somewhat undesirable. Nineteen percent

telt the same way about public investment in a park and ride lot.
Preference for Community Level of Activity and Mix of Housing

When asked if they would prefer to move to a neighborhood that was lively and active, even if it meant
a mix of housing types on smaller lots, or in a neighborhood with single family homes on large lots, even
if it meant that the neighborhood was not especially lively or active, White Center respondents showed
a slight preference for the less active community with single family homes on large lots over the lively
community with mixed housing on smaller lots. A small majority felt that White Center was currently
more similar to the large lot — single family home choice, and a majority also indicated a preference for

their current community over either choice.
Preference for Ability to Walk to Nearby Shops and Services in the Community

When asked if they would prefer to move to a community where the shops and services are kept
separate from homes, even if that would mean they could not walk to them, or to a community where
shops and services are within walking distance, even if that meant they were within a few blocks of
their homes, a majority of White Center respondents indicated a preference for the second scenario.
A majority also felt that White Center is currently more like the second choice than the first, though a
sizeable minority felt that it was like both choices. Finally, a majority again indicated that they would
rather live in a community like their current one than either of the choices, though a fair minority

showed a preference for one with increased ability to walk to shops and services.
Preference for street types and travel options in the community

White Center respondents showed a strong preference for a neighborhood with through streets that
allow walking, cycling and use of transit to accomplish trip goals over neighborhoods with cul-de-sacs
that require driving for most trips. In addition, unlike Kent East Hill and Redmond, a large majority
of White Center respondents indicated that their neighborhood was like the first option, with very few

indicating that it resembled both or was like the second option. Finally, as with the other communities,
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a majority of White Center respondents indicated that if moving they would hope to find a community

like their current one, though in this case the first option was also a strong second choice.
Overall Community Preference

A final series of survey questions asked respondents to indicate their preferences between two
neighborhoods that were distinguished along a number of dimensions, rather than by single characteristics

as in the questions described above.

The first community was described as having a mix of housing types on small lots, shops and services
within a few blocks of home, local destinations within walking or driving distance (though parking was

limited at nearby destinations), nearby public transit, and a one-way commute to work of three miles.

The second community was described as being composed of single family homes on acre lots; shops
and services were described as being a few miles away, meaning they were too far to walk to — though
parking at these destinations was ample; public transit was described as distant; and the one-way commute
to work was given as 18 miles. The survey asked respondents to assume that the neighborhoods were

the same in all other respects.

Approximately 75 percent of respondents in White Center showed a preference for the first option.
When asked to rate both options separately, responses broke down as shown in Table 81 below. Neutral

rankings are not presented.

White Center
Like Dislike
Compact mixed use 49% 29%
Suburban discrete use 33% 40%

Table 81: White Center Respondent Community Style Preferences

Correspondence of Community Aspirations with Recommended Strategies

In many ways the comments of respondents are strongly supportive of the strategies proposed for
White Center. Respondents rate the improvement of sidewalks, the creation of affordable housing,
and the development of small businesses as high priorities — all measures that are recommended for the
community. Respondents also show a desire for more open space in the community, a development
which, if pursued, could help to reduce trip lengths for recreational trip purposes. Finally, they are
strongly supportive of mixed land uses, the availability of shops and services within walking distance of

home, and gridiron street networks which decrease distance to destinations.

However, White Center respondents showed a strong preference of single family homes on large lots
over compact developments which mix various housing types on smaller lots. This suggests that they

will not be immediately receptive to proposals to in-fill residential areas with duplexes and triplexes.
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Their objection is clearly focused on lot size, because in the final survey question, which asks them
to make tradeoffs between a neighborhood with the combined features of mixed use and small lots
that is walkable and one with discrete uses and large lots that is auto-dependent, they clearly prefer the

formet.

B. Kent East Hill

Kent East Hill is a prototypical suburban cluster — it has a large concentration of strip mall and big
box retail at its core, surrounded by high density multifamily housing projects. While it has a good mix
of land uses, it is lacking in pedestrian connectivity. Its underlying structure is automobile oriented, and

it will take some years to convert this into a pedestrian and transit oriented community.

In addition to the generally recommended strategies of developing greenways, increasing residential
density in commercial areas, and improving street connectivity, a series of specific strategies have also

been created for Kent FEast Hill by the case study team. These include:

* Developing a rapid bus station at the intersection of 104th Avenue and 256th Street with

direct connections to the transit station in downtown Kent.

*  Providing efficient connections to other modes from the Kent East Hill station by integrating
cycling facilities, pedestrian routes, and local bus routes with the station, and developing a

dedicated park and ride lot nearby.

*  Creating a system of linear parks along unimproved rights of way to create a ‘green ring’ of

public open space around Kent East Hill.

*  Encouraging the gradual redevelopment of shopping malls and big box retail to mixed use

development.
*  Discouraging surface parking through design guidelines.
*  Permitting and encouraging housing development above retail space.

Details are provided in the full case study report.

Community Aspirations as Identified in Respondent Comments in the Surveys
Land Uses that Would Encourage Residents to use Transit More Often

When asked what sorts of shops or services located near a transit station would encourage them to

use transit more often, the great majority of Kent East Hill respondents indicated a grocery store would
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be an important asset. Significant numbers also indicated that the presence of a bank or credit union,
retail stores, a doctor or health clinic, and restaurants and taverns would also encourage them to use

transit more often.
Opinions on Possible Public Investments in the Community

A majority of Kent East Hill respondents indicated that they found a proposed series of public
investments desirable, though for some proposals a large portion of the sample gave a neutral response.
The investment most frequently picked as the top choice by Kent respondents was affordable housing,
followed by a complete sidewalk system and new or expanded freeways. Affordable housing was again
chosen most frequently as a second priority, followed by a network of pedestrian and bicycle pathways
and new or expanded freeways. There was a more evenly distributed range of choices for the third
priority public investment, with more parks and open space, a completed sidewalk system and improved
street amenities such as benches and trees showing a slight advantage. The two proposed investments
which gained the strongest disapproval ratings were a community center and new or expanded freeways,

at 15 and 14 percent extremely or somewhat undesirable respectively.
Preferences for Level of Activity and Mix of Housing in the Community

When asked if they would prefer to move to a neighborhood that was lively and active, even if it
meant a mix of housing types on smaller lots, or in a neighborhood with single family homes on large
lots, even if it meant that the neighborhood was not especially lively or active, a clear majority of Kent
East Hill respondents indicated they would prefer the latter. Respondents were evenly split on whether
their current community was more like the first or second choice, but a slight majority still indicated that

they would prefer to find a neighborhood more like the second choice than Kent East Hill was now.
Preference for the Ability to Walk to Nearby Shops and Services

When asked if they would prefer to move to a community where commercial areas are kept separate
from homes, even if that would mean that shops and services were too far to walk to, or in a community
where shops and services are within walking distance, even if that meant they were within a few blocks
of their homes, a sizable majority of respondents from Kent East Hill chose the latter option. Most
respondents also thought that Kent East Hill was currently like this second scenario, although a significant
minority felt that it was equally like both options. Finally, in terms of the ability to walk to shops and
services, Kent respondents showed a strong preference for a community like their present one, with the

second option above a weak second choice.
Preference for Community Street Types and Travel Options

When asked if they would prefer to live in a) a neighborhood with cul-de-sacs and few people from

other neighborhoods walking or driving on them, even if it means having to drive for all their trips,
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or b) a neighborhood where they can walk, cycle or take transit for some trips, even if it has through
streets and people from other neighborhoods walking or driving on them, a slight majority of Kent
East Hill residents chose the first option. At the same time, a larger majority indicated they thought
Kent East Hill was currently more like the second option, belying the case study findings that Kent East
Hill has low street connectivity compared to the other case study locations. Interestingly, a majority of
respondents indicated that if moving they would hope to find a neighborhood like their current one,

though a sizeable minority indicated they would hope to find one like the first choice above.
Overall Community Preferences

A final series of survey questions asked respondents to indicate their preferences between two
neighborhoods that were distinguished along a number of dimensions, rather than by single characteristics

as in the questions above.

The first community was described as having a mix of housing types on small lots, shops and services
within a few blocks of home, local destinations within walking or driving distance (though parking was

limited at nearby destinations), nearby public transit, and a one-way commute to work of three miles.

The second community was described as being composed of single family homes on acre lots; shops
and services were described as being a few miles away, meaning they were too far to walk to — though
parking at these destinations was ample; public transit was described as distant; and the one-way commute

to work was given as 18 miles.
The survey asked respondents to assume that the neighborhoods were the same in all other respects.

Unlike White Center, only 54 percent of respondents from Kent East Hill showed a preference for
the first option. When asked to rate both options separately, responses broke down as shown in Table

82 below. Neutral ratings are not presented.

Kent
Like Dislike
Compact mixed use 48% 20%
Suburban discrete use 51% 25%

Table 82: Kent East Hill Respondent Community Style Preferences

Correspondence of Community Aspirations with Recommended Strategies

As with White Center, Kent East Hill respondents were strongly supportive of the creation of
affordable housing, improvement and completion of the sidewalk system, and development of a system
of greenways for walking and cycling. Respondents also showed a preference for the mixed use that

ensures the presence of shops and services within walking distance of home.
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As with White Center, respondents showed a preference for neighborhoods composed of single
family homes on large lots over compact developments with a mix of housing types on smaller lots.
However, unlike White Center respondents, in the forced trade off between two complete neighborhoods
presented in the final survey question, Kent respondents were more evenly split in their preferences
between the two choices, indicating that they weigh the value of large lots more highly than White

Center respondents, relative to the benefits of mixed use and walkability.

In addition, unlike White Center, Kent respondents showed a preference for cul-de-sac street networks
over gridiron networks — a preference that may not be compatible with their desire to have shops and
services within walking distance of home. This preference may reflect a degree of community self-
selection among Kent East Hill respondents; the community currently contains many private cul-de-sacs,
and some respondents may have chosen to live there precisely because they prefer that development
style. The preference may also reflect a lack of familiarity with alternative development styles. In either
case, this result suggests that persuading Kent residents that their community would benefit from greater

street connectivity will require their consideration of the tradeoffs between walkability and privacy.

Finally, Kent East Hill respondents showed strong support for expansion of the freeway system
linking their community to Greater Seattle. Clearly, Kent residents value the regional mobility afforded
by the automobile.

C. Redmond

Redmond is a thriving community that has a lot of potential to become a vibrant and diverse city
with a wealth of public amenities and recreational resources. Redmond’s primary deficiency is its lack
of residential density in the commercial core. This is beginning to be addressed, and a number of
developments have been constructed in the past few years which are creating high density urban housing
in the commercial core. Some of the projects that have been built have taken care to use New Urbanist

design principles — Lion’s Gate Housing is such an example.

In recognition that it is undergoing tremendous growth, Redmond has already developed a

Transportation Plan for the downtown area. Its recommendations include:
*  Completing the street grid throughout downtown
*  Creating gateways and pedestrian/bike connections
* Improving the pedestrian environment

¢ Converting Redmond/Cleveland to two way circulation after the completion of Bear Creek
Parkway
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*  Re-using the Burlington Northern Santa Fe Railroad right of way for transit, trails and open

space.

*  Developing connections between downtown and the new Redmond Town Center.

In addition, the City of Redmond is also working on a Downtown Element to its Comprehensive
Plan Amendment. The Downtown Element emphasizes the goal of retaining Redmond’s distinctive
character through urban design, street design, and open space guidelines and regulations that reduce
regulatory barriers to innovative housing forms such as cottage homes and duplexes. The plan’s vision
for downtown Redmond has been based on many years of workshops with people who live and work
in Redmond. It seeks to create a city which is pedestrian and bicycle friendly, which provides attractive
and safe places to live close to amenities, and which meets community needs for employment, shopping,
recreation, civic activities, cultural and entertainment amenities (Redmond 2004). In short, Redmond is
already taking many of the steps needed create a more walkable and livable environment. Nevertheless,

in addition to its existing policies, the case study team also recommends the following strategies:
*  Developing appropriate local models for high density urban housing.
*  Permitting development of non-traditional housing forms, such as live-work spaces.
* Completing an internal bike path network.

*  Re-developing an appropriate street hierarchy, in order to emphasize the local-serving nature

of some streets

Details are provided in the full Case Study Report in Appendix V.

Community Aspirations as Identified in Respondent Comments in the Surveys
Land Uses that would Encourage Residents to use Transit More Often

Redmond respondents indicated most frequently that the place near a rail or bus station which would
encourage them to use transit more was a grocery store, followed by a restaurant or tavern, a retail store,

a park and a bank or credit union.
Opinions on Possible Public Investments in the Community

As with Kent, all proposed investments were rated more desirable than undesirable, though many also
had large neutral ratings. When asked to rank their top three, Redmond respondents selected affordable
housing most frequently, followed by a new or expanded freeway, more open space, and a pedestrian
and bicycle trail system. The most frequent selections for second place were a pedestrian and bicycle

trail system, improvements to arterial roads, and affordable housing. Opinion was more divided on
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third choices, with the top three choices being more small businesses and services, more parks and open

space, and, again, affordable housing,

The two proposals which garnered the largest undesirable ratings were new or expanded freeways at

19 percent, and park and ride lots at 13 percent.
Preference for Community Level of Activity and Mix of Housing

When asked if they would prefer to move to a neighborhood that was lively and active, even if it
meant a mix of housing types on smaller lots, or in a neighborhood with single family homes on large
lots, even if it meant that the neighborhood was not especially lively or active, Redmond respondents,
unlike those from Kent, were more evenly split in their preferences. They were again relatively evenly
split on the question of whether their current community was more like the former or the latter choice.
However, a large majority indicated that they would prefer to move to a community that was more like

their own than like either of the two choices.
Preference for Ability to Walk to Nearby Shops and Services in the Community

A strong majority of Redmond residents indicated that they would prefer to move to a community
where shops and services are within walking distance, even if that meant they were within a few blocks
of their homes, rather than a community where the shops and services are kept separate from homes,
even if that would mean they couldn’t walk to them. A slight majority also felt that Redmond was
currently more like the former choice than the latter. Finally, most Redmond respondents indicated they
would like to move to a community similar to their current one, the next most popular choice being the

one with shops within walking distance.
Preference for Community Street Types and Travel Options

When asked if they would prefer to live in a neighborhood with cul-de-sacs that required driving for
all trips but had few non-neighbors walking or driving on them, or a neighborhood with through streets
that allowed walking, biking and taking transit for some trips but had non-neighbors walking on them,
a strong majority of Redmond residents chose the second option. The respondents were evenly split
on whether Redmond is more like the first or second scenario, though a large majority indicated that
if moving they would hope to find a community more like their current one than either option. The

through street scenario was a weak second choice in this last question.
Overall Community Preference

A final series of survey questions asked respondents to indicate their preferences between two
neighborhoods that were distinguished along a number of dimensions, rather than by single characteristics

as in the questions above.
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The first community was described as having a mix of housing types on small lots, shops and services
within a few blocks of home, local destinations within walking or driving distance (though parking was

limited at nearby destinations), nearby public transit, and a one-way commute to work of three miles.

The second community was described as being composed of single family homes on acre lots; shops
and services were described as being a few miles away, meaning they were too far to walk to — though
parking at these destinations was ample; public transit was described as distant; and the one-way commute

to work was given as 18 miles.
The survey asked respondents to assume that the neighborhoods were the same in all other respects.

Approximately 75 percent of respondents in Redmond showed a preference for the first option.
When asked to rate both options separately, responses broke down as shown in Table 83 below. Neutral

ratings are not presented.

Redmond
Like Dislike
Compact Mixed Use 54% 30%
Suburban Discrete Use 25% 38%

Table 83: Redmond Respondent Community Style Preferences

Correspondence of Community Aspirations with Recommended Strategies

As in Kent and White Center, Redmond respondents were strongly supportive of the creation of
affordable housing. They are also in favor of the development of a system of pedestrian and bicycle
trails, the creation of more open space, and the development of more small businesses. On the other
hand, respondents are also in favor of the expansion of the regional freeway system and improvements
to local arterials, indicating that while they favor the development of more walkable local neighborhoods,

they also want to maintain or improve levels of regional access by automobile.

Redmond respondents showed a clear preference for a gridiron street network and a mix of housing
and other uses so that shops, services and restaurants are accessible on foot. Redmond respondents were
more evenly split in their preference for single family homes on large lots versus compact development
with a mix of housing styles on smaller lots when compared to the other two communities. However,
in the final forced choice question respondents showed a strong preference for the compact mixed use
community over the suburban discrete use community. These responses suggest that, more than in
Kent or White Center, Redmond respondents will be amenable to the development of higher density,

mixed use neighborhoods featuring a range of housing forms.

V. CAseE STuDY SUMMARY

The primary deficiencies identified in the three communities were a lack of mixing of residential and
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commercial uses, poor street connectivity, and incomplete or inadequate sidewalk systems. As reported
in Chapter Four, all of these shortcomings decrease the walkability of the three neighborhoods for
area residents. It is important to note, however, that respondents placed relatively little importance on
community walkability, the quality of the transit system, or overall transportation costs when deciding
where to live; walkability and access to alternatives to the automobile are secondary to respondent
concerns such as housing affordability, quick access to work by car, and safety from crime. Nonetheless,
it is likely that correcting the deficiencies outlined here would lead to increase rates of walking, and thus

higher levels of physical activity, in the three communities.

The main strategies recommended for urban redesign in the three communities were developing
networks of pedestrian and cyclist greenways, implementing street improvements such as completing
the sidewalk network, increasing the mix of land uses, and increasing residential density in commercial
areas. Respondents were strongly supportive of the concept of greenways, improvements to sidewalks,
and increasing the mix of land uses to enable walking to shops and services from home. However, in
the case of White Center and Kent East Hill especially, there was resistance to increases in density if that
means smaller lots with a mix of housing types. Put bluntly, in addition to wanting to be able to walk to
shops and services from home, respondents would also like to live on large lots in single family homes

— two preferences which may not be compatible.

Chapter Six will briefly describe respondent usage and attitudes towards transportation demand
management programs, and Chapter Seven presents an application of the research results at the county

level.



CHAPTER VI: CommuniTY ATTITUDES TOWARDS
TDM ProGgrAMS & MobDE CHOICE FOR THE TRIP
T0 WORK

. OVERVIEW

The Individual Questionnaire presented to Case Study community respondents asked a series of
questions about their trip to work, as well as their usage of and attitudes toward transportation demand
management (TDM) programs. Please see Appendix II for a copy of the questionnaire. Responses are

presented below.

Il. INFLUENCES ON THE CHoice oF MobEe To WoRK

As shown in Table 84 below, respondents in all three communities ranked vehicle availability and travel
time as their top two considerations in mode choice for the trip to work. The ability to run errands was
the third most important factor for Kent and Redmond residents, and the fourth most important for

White Center residents.'

Kent White Center Redmond
Vehicle Availability 1 1 1
Travel time 2 2 2
Errands 3 4 8
Travel Cost 4 3 6
Parking Availability ) 3 4
Parking Cost 6 4 7
Parking Location 6 5 5
Traffic Report 7 7 9
Sidewalks 8 6 8
Bike Lanes 9 8 9

Table 84: Respondent ranking of the influence of various factors on their choice of mode to work

An interesting difference between the three communities shows over the importance of travel costs.
While this factor is rated the third and forth most important consideration by White Center and Kent
respondents respectively, it is only the sixth most important consideration for Redmond respondents.
Similarly, while parking costs are the fourth most important consideration for White Center respondents,
they are only rank seventh in the order of Redmond commuters’ concerns. These differences likely

reflect the higher median household incomes found in Redmond.

1 Rankings are based on responses to a series of survey questions which asked respondents to rate the importance of these
factors from 1 to 5, where 1 is unimportant and 5 is very important. The percent of respondents choosing 4 and 5 were combined
to produce the order reported in Table 84.
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A. Employer-Provided Incentives for use of Alternatives to Driving Alone
for the Trip to Work

Forty percent of Kent East Hill respondents indicated that their employers provide incentives for their
employees not to drive alone to work. This figure rises to 46 percent of employers of White Center
commuters, and 50 percent of employers of Redmond commuters. The most frequently provided
incentives are flexible working schedules, followed by free or subsidized transit passes and bike lockers

and storage.

1. Respondent Reported Frequency of use of Incentives

Figure 46 below displays the average weekly usage of employer-provided incentives. The figure
shows that flexible work scheduling and free or subsidized transit passes were far and away the most
trequently used incentives. In Kent and Redmond flexible scheduling were most frequently used,
whereas in White Center free or subsidized passes were most frequently used. Only respondents who

reported usage are included in this calculation of mean usage.
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Figure 46: Respondent reported frequency of use of TDM programs, by community

Bike lockers and showers and in the case of White Center, carpool/vanpool programs were the next

most frequently used incentives. Other employer-provided incentives show more variable usage rates by
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community. For instance, whereas in Kent and White Center use of ridesharing programs is relatively
frequent, their usage is quite rare in Redmond. Conversely, while Kent and Redmond commuters make
use of cash-in-lieu of parking programs and FlexCar services, such usage is rare to non-existent among
White Center respondents. Finally, telecommuting is most frequent among Redmond respondents, and

carpooling/vanpooling among White Center respondents.

2. Respondent Willingness to Consider use of Incentives if Offered in the
Future

Generally speaking, respondents who currently do not have programs available showed low levels
of interest in using TDM incentives if they were provided by their employers in the future. The
only program which more than 25 percent of respondents in all communities indicated they would
use was flexible work scheduling. In addition, 32 and 27 percent of Kent and Redmond respondents
indicated that they would telecommute if the service was provided, but only 17 percent of White Center
respondents indicated they would do so. Generally speaking, Kent East Hill respondents showed more

interest in using the entire range of incentives than either Redmond or White Center respondents.

These results do not necessarily imply a lack of enthusiasm for use of these incentives. For example,
it is possible that the provision of some incentives, such as free or subsidized transit passes, may already
be widespread, and that further uptake will be limited. In addition, it is likely that projected levels of
future use reflect respondents’ own evaluation of the feasibility of making use of these incentives in
their particular employment situations; for example, a respondent working for a small employer and
living some distance from other workers might indicate that they wouldn’t use carpooling/vanpooling

because it would increase their travel time.

It is also possible that a lack of familiarity with employer-provided incentive programs also plays a role
in respondent willingness to make use of such programs in the future. In all three communities a slight
to moderate majority of respondents indicated that they would not know how to use such programs if
they were available. Lack of familiarity was highest in White Center, with between 61 and 66 percent
of respondents indicating they were unfamiliar with each incentive, and lowest in Kent FEast Hill, where

between 51 to 60 percent of respondents indicated they did not know how to use each incentive.?

In any case, it is likely that, for Kent and Redmond respondents at least, the incentive program with
the greatest “latent demand” is likely telecommuting. Twelve and 20 percent of Kent and Redmond
respondents respectively indicate that their employer currently provide this program, while 32 and 27

percent respectively indicate they would use make use of it if it was provided in the future.

2 The Individual Questionnaire, included in Appendix II, provided respondents with a brief description of each TDM
incentive program to accompany this series of questions.
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3. Respondent Willingness to Consider Transit and Carpooling for the Trip
to Work

When asked if they would take transit to work to save the money they currently spend on driving
to work, more than 97 percent of respondents in all three communities answered no. In a follow up
question asking how much additional money they would need to save to entice them to take transit, 75
percent of Kent, 60 percent of Redmond and 53 percent of White Center respondents indicated no
amount would tempt them to switch modes. Small percentages — 11 percent in Kent, 14 percent in
Redmond and 15 percent in White Center — indicated that a $25 per week savings would entice them to

take transit to work.

Similar responses were reported to a series of questions which asked if respondents would be willing
to carpool to save money. Ninety-seven percent of respondents in all three communities reported that
they would not carpool to work to save the money they currently spend driving their car. When asked
how much more they would need to save to be convinced to switch, 68 percent in both White Center
and Redmond, and 73 percent in Kent East Hill said no amount of money would be sufficient. These
results clearly show that a large majority of respondents are not willing to give up driving a car to work,

even if such a decision would result in fairly substantial weekly savings.

An interesting contradiction appears when these results are compared to those described in Table 84.
That table shows that travel costs are only the sixth most important consideration in mode choice for
the trip to work among Redmond respondents, but the fourth most important consideration among
Kent respondents. Nonetheless, more Redmond respondents reported themselves willing to consider
switching to transit to save money. Clearly, the decision to switch modes involves more than simple
financial considerations. Responses to a question which asked respondents what single factor would

most influence their decision to use transit to travel to work are shown below in Table 85.
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Kent Redmond White Center
Money savings 18% 23%
Owning one less vehicle 8% 3% 3%
Convenience of pick up/drop off locations 29% 20%
Ability to read, work, or sleep during commute 5% 10% 9%
Environmental concerns such as air pollution 21% 9%
Other considerations 19% 36%

Table 85: Factors which would most influence respondent decisions to take transit to work

While convenience of pick up and drop off locations was the single most important factor for Kent
and Redmond respondents (discounting the category other), money savings were the most important
consideration among White Center respondents. Interestingly, environmental concerns were the second
most frequently reported primary consideration among Kent and Redmond respondents, but were
tied for third most frequent choice among White Center respondents, along with reading, working or

sleeping duting the commute.’

Finally, responses to a question which asked how much time respondents would be willing to spend

travelling by transit to work, “assuming your ideal cost savings,” are shown in Table 86 below.

Kent Redmond White Center
Will only spend less time than 17% 10% 1%
current commute
Willing to spend time equal to 60% 69% 63%
current commute
Willing to spend longer time than 23% 21% 26%
current commute

Table 86: Time willing to spend on transit, given cost savings, relative to curtent commute

Kent respondents were most likely to indicate they were only willing to take transit if it took them less
time than their current commute. White Center respondents were most willing to spend more time on

transit then they spend in their current commute.

3 The category “other” included numerous respondent-specific concerns, such as “if I didn’t have to carry large parcels to
work,” and “I work graveyards and don’t feel safe on the bus.”

220
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ConcLupING REMARKS

The LUTAQH study is an unusually comprehensive interdisciplinary effort. It took five years to
complete and had many important contributors. It is likely the only effort to date to integrate policy
and basic research over land use actions, transportation investments, and their impacts on travel choice,

air quality, climate change, and health related outcomes.

LUTAQH included an extensive outreach and research effort. On the research sideitincluded the usage
of both existing regional travel and parcel level land use data, as well as a household level survey within
three communities of King County (White Center, Redmond, and Kent East Hill). Recommendations
are drawn from the research that is applicable on a countywide level. Recommendations are also
developed for these three communities which draw upon both the regional as well as the community
specific research. LUTAQH builds upon the Atlanta based SMARTRAQ study, but offers some
different lessons learned. Foremost is the need to understand the preferences of residents of specific
communities and the unique history, travel, and behavioral characteristics and perceptions that create

the identity of a place.

During the LUTAQH effort, King County took several steps to begin to improve coordination
between transportation, health, and land use planning and policy. The next phase of LUTAQH will
take the results from this effort and develop tools that can be applied to measure travel choices, and
environmental and health related outcomes of land use and transportation investment decisions within
King County. This next phase provides the capacity to make this work applicable within specific contexts
and provide the critical link that is needed to apply the research to practice. LUTAQH has successfully
built important partnerships and has established the makings of an extremely broad network of policies

for achieving sustainability through healthy community design.
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