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Abstract

The Sustainable Transportation Performance: Evidence from Austin
Metropolitan Area, TX

Siyun Sha, M.S.C.R.P
The University of Texas at Austin, 2012

Supervisor: Ming Zhang
This professional report aims to develop a transportation performance
measurement system that will evaluate and achieve the sustainability objectives for the
Austin metropolitan area Activity Centers, while addressing the Federal Livability
Principles. It employs the use of local data for the evaluation of performance measures,
and provides a platform upon which both current and future development scenarios can
be evaluated.
Based on a literature review and other studies on travel behavior and
transportation performance, it is possible to derive the appropriate indicator
measurements according to the sustainability. The overarching purpose of this report is to
develop a set of performance indicators that reflect sustainability concerns. These
indicators will be appropriately quantified and benchmarked, and will address each
objective, such as reduction of automobile vehicle miles travelled (VMT).
The main challenge of this report is that many sustainability indicators are not
practically implemented at the community level, but can be more easily considered at the
aggregate level.
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INTRODUCTION
Overview
There is a growing interest in sustainability, sustainable development, and
sustainable transportation. The U.S. Department of Housing and Urban Development
(HUD) created the Sustainable Communities Regional Planning Grant Program to
support metropolitan and multijurisdictional planning efforts that integrate housing, land
use, economic and workforce development, transportation, and infrastructure
investments. The goal of the program is to translate the Federal Livability Principles into
strategies that direct long-term development and reinvestment, demonstrate a
commitment to addressing issues of regional significance, use data to set and monitor
progress toward performance goals, and engage stakeholders and residents in meaningful
decision-making roles.
The program focuses on the Activity Centers proposed in the Capital Area
Metropolitan Planning Organization (CAMPO) 2035 Plan and proposes to use an
innovative model for planning future development that integrates economic development
opportunities and housing choices with mobility. The concept centers on the selection of
several of the Activity Centers as demonstration sites—ideally selecting at least one in
each of the five counties covered in CAMPO’s plan. The Activity Center site selection
process was finalized in February 2012, and includes Austin, Dipping Springs, Lockhart,
Elgin, and Hutto.
The University of Texas research group is primarily focused on developing
sustainable performance indicators and coordinating with other partners to develop the
final analytical tool. The performance indicators are categorized into four sections—land
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use, economic, transportation, and equity. This report is focused on transportation-related
sustainable indicators.
Current Approaches and Limitations
In recent years, governments and scholars have realized a great need for tools that
measure and facilitate the planning progress of a broad range of social, environmental,
and economic goals. As such, the selection and interpretation of “sustainability
indicators” has become an integral part of international and national policy. The
Sustainable Communities Regional Planning Grant Program is one of the programs that
actively promote the quantitative planning tool. However, it is increasingly claimed that
the indicators provide few benefits to users.
This is partially a problem of scale because the majority of existing indicators are
based on a top-down definition of sustainability that is fed by national-level data (Riley,
2001). This may miss critical sustainable development issues at the local level, and may
fail to measure what is important to local communities. For example, the widely quoted
environmental sustainability index (Global Leaders, 2005) provides an assessment of
national progress towards sustainable development. National ranking is based on
indicators chosen by a group of American scholars and reflects their conceptualization of
sustainability. This is contrary to the spirit of Local Agenda 21, which puts local
involvement at the front of any planning process and challenges policy makers
themselves.
A second problem is that communities are unlikely to invest in collecting data on
sustainability indicators (Freebairn and King, 2003). As a result, it is now widely
acknowledged that local communities need to participate in all stages of project planning
and implementation, including the selection, collection, and monitoring of indicators
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(e.g., Corbiere-Nicollier et al., 2003). In other words, indicators must not only be relevant
to local people, but the methods used to collect interpret and display data must be easily
and effectively used by non-specialists so that local communities can be active
participants in the process.
On the other hand, the participatory approaches that are popular among postmodern scholars also have their failings. Community control in and of itself is irrelevant
to sustainability if local people fall prey to the same beliefs and values that have led to
the current unsustainable positions. Local agencies hungry for development are just as
capable of allowing urban sprawl as national government; therefore, shifting power from
central governments to municipalities may not serve the needs of sustainable
development. Instead, a balance between community and higher-level actions needs to be
achieved.
Proposed Approaches and Challenges
To address the problems above, this paper will 1) analyze the characteristics of
five Activity Center sites; 2) analyze the existing top-down and bottom-up frameworks
for sustainability indicator development, 3) investigate each indicator and select one or
more suitable measurement, and 4) analyze the application of the indicators at the local
level.
The challenges addressed in this paper include understanding which methodology
framework should be used and the availability of spatial data.
Research Questions and Contributions
The main purpose of the project is to develop a set of indicators that can be used by
planners and researchers to apply the sustainable goals and GIS extension tool to assess
sustainability in the five selected areas.
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The key tasks of this study are as follows:
 Review the literature that addresses sustainability framework
 Review the literature that addresses different transportation-related indicators
 Verify which measurement is best for each indicator
 Test whether the indicators are significant enough for the selected sites

This study will seek to answer the following questions:
 Which sustainable framework should be applied in this case?
 What are the characteristics of the five Texas Activity Centers?
 Which transportation-related indicators should be chosen in this case?
 How well do the indicators perform?
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BACKGROUND

Chapter 1: Definition & Methodology
This report aims to determine which transportation factors influence or promote
sustainability. The early studies categorized transportation factors into three “Ds,”
Design, Diversity, and Density. However, each indicator is measured differently. This
report compiles the different measurements for each indicator and includes a discussion
of which one is the best fit for the Capital Area Texas Sustainability Consortium (CAT)
project. To achieve these principles, sustainability must first be defined and the Activity
Center site characteristics must be considered.
Definition
The World Conservation Strategy (WCS) first used the term “sustainable
development” in 1980 (1). Since that time, the concept has found global prominence and
was designated as a global mission in two key United Nations Conferences held in 1992
and 2002. The most acknowledged definition of sustainable development is
“development that meets the needs of the present without compromising the ability of
future generations to meet their own needs (2).
Many researchers have studied and discussed sustainable transportation over the
past decades. Although many studies touched upon sustainability concerns by addressing
issues such as the environment, future needs, and social equity, “sustainability’ is not
explicitly mentioned. The majority of researchers discuss sustainable transportation with
the concept of “smart growth” or “responsible growth” (3). Though smart growth is not
entirely the same as sustainability, it addresses certain related concepts and criteria.
Although no commonly accepted definitions of sustainability, sustainable
development, or sustainable transport are available (Beatley, 1995), it is generally
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accepted that sustainable development, and more specifically, sustainable transport,
implies finding a proper balance between (current and future) environmental, social, and
economic qualities (e.g., [OECD, 1993], [Ruckelhaus, 1989], [Litman, 2003] and
[WCED, 1987]). It is less clear which environmental, social, and economic qualities
should be guaranteed and balanced.
“Indicators of sustainable development need to be developed to provide solid
bases for decision-making at all levels and to contribute to a self-regulating sustainability
of integrated environment and development systems” (United Nations, 1992, Agenda 21,
Chapter 40.0).
An indicator is something that helps you understand where you are, which way
you are going, and how far you are from where you want to be. A good indicator alerts
you to a problem before it gets too bad and helps you recognize what needs to be done to
fix the problem. Indicators of a sustainable community point to areas where the links
between the economy, environment, and society are weak. They allow you to see where
the problem areas are and help show the way to fix the problems.
The main purpose of any sustainability indicator framework is to provide a
comprehensive and highly scalable information-driven architecture that is policy relevant
and understandable to members of society, and that can aid in the decision-making
process.
Scope
The objective of this report is to provide a comprehensive study on current
transportation indicators related to sustainable goals, and discuss the best indicators for
CATS projects.
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Methodology
This report is focused on sustainable transportation at the community level. Based
on the literature review, a performance measurement system will be developed that
reflects the City of Austin’s transportation-related sustainability objectives. This report is
significant because it demonstrates how concepts of sustainability can be incorporated
into practical transportation planning. This report aims to:
• review the literature on sustainability related transportation performance;
• develop an understanding of sustainable transportation;
• develop sustainable transportation performance measures to address CATS project
strategy goals;
• identify the data elements and data sources required to quantify the measures, and
develop equations to quantify them;
• examine how the results and findings from this report may be applied to the CATS
project; and
• develop improvement strategies for the CATS project.
The primary goals and possible performance measures are shown in the table
below.
Objective

Possible Performance Measures

Provide more transportation choices

Mode split, per capita land area paved for roads
and parking

Promote equitable, affordable housing

Point-to-point travel cost, point-to-point travel
time, population within walking distance to
transit, affordability of public transit, percentage
of income devoted to transportation, and
percentage of day devoted to commuting

Enhance economic competitiveness

Jobs added, value added to goods produced

Support existing communities

Number of travel objectives that can be reached
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within an acceptable travel time, ability of nondrivers to reach employment centers and
services
Coordinate policies and leverage
investment

Land-use mix, percent employees within x miles
of major services, highway supply, transit
supply

Value communities and
neighborhoods

Walking and biking friendly community

Table 1-1: Federal Livability Principles
The primary data sources used for this analysis are the 2005 Austin Metropolitan
Area Traffic Analysis Zone data, five county street data, and land use data.
Anticipate Findings
In this report, the results will be shown in the form of geographic information
system (GIS) maps, tables, and charts. A set of performance indicators will be developed
that reflect sustainability concerns within the scope of the City of Austin’s sustainable
development goals. The scaling of performance measures will provide a means of
assessing a specific measure’s value against benchmark values. Weights that express the
relative importance of the various performance measures will be used to aggregate the
scaled measures into a composite indicator of sustainability. The sustainability evaluation
methodology will be applied to certain Activity Centers. Quantitative results will be
provided for certain Austin Activity Centers in terms of sustainable transportation
performance. Comprehensive analysis and graphical results for each Activity Center are
also provided.
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Chapter 2: Literature Review
Sustainable Indicators
Sustainable indicators are tools that measure and facilitate progress to achieve a
broad range of social, environmental, and ecological balance. The academic and policy
related literature on sustainability indicators is now so prolific that King et al. (2000)
refer to it as “… an industry on its own.”
In recent years, important indicator development work has been done at the local
and regional scales by groups such as the International Institute for Sustainable
Development, which produced the IISD Compendium of Global Indicator Initiatives
(IISD, 2004). Work has also been done at the global scale, including the Environmental
Sustainability Index (ESI), the Organization for Economic Co-operation and
Development (OECD), the “Dashboard of Sustainability” (ESL, 2004), and the Wellbeing of Nations (Prescott-Allen, 2001). The Consultative Group on Sustainable
Development Indicators (CGSDI) has produced a suite of indicators spanning economic,
environmental, and social development objectives in a framework designed to be
consistent with the UN Commission on Sustainable Development Indicator Initiative.
The Ecological Footprint, developed by Mathis Wackernagel and his colleagues,
measures the degree to which a given country is living within its ecological means. It
aggregates the consumption of natural resources within a country in terms of the land
area that is estimated to require the support of such consumption.
Most research uses the top-down framework. The Panarchy and Adaptive
Management (Gunderson and Holling, 2002) theories are based on a model that assesses
how ecosystems respond to disturbance; the Panarchy framework suggests that key
indicators fall into one of three categories: wealth, connectivity, and diversity. Wealthy,
connected, and simple systems are most vulnerable to disturbances. Orientation Theory
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(Bossel, 2001) develops indicators to represent system “orientators” (existence,
effectiveness, freedom of action, security, adaptability, coexistence, and psychological
needs) to assess system viability and performance. Pressure-State-Response (PSR, DSR,
and DPSIR) identifies environmental indicators based on human pressures on the
environment, the environmental state this leads to, and societal responses to change for a
series of environmental themes. Later versions replaced pressure with driving forces
(DSR) and included environmental impacts (DPSIR). The Framework for Evaluating
Sustainable Land Management (Dumanski et al., 1991) is a systematic procedure for
developing indicators and thresholds of sustainability to maintain environmental,
economic, and social opportunities with the present and future generations while
maintaining and enhancing the quality of the land.
Bottom-up approaches, also known as participatory approaches, are popular
among post-modern scholars. Soft Systems Analysis (Checkland, 1981) builds on
systems thinking and experiential learning to develop indicators as part of a participatory
learning process to enhance sustainability with stakeholders. Sustainable Livelihoods
Analysis (Scoones, 1998) develops indicators of livelihood sustainability that can
monitor changes in natural, physical, human, social, and financial capital based on the
entitlements theory. Classification Hierarchy Framework (Bellows, 1995) identifies
indicators by incrementally increasing the resolution of the system component being
assessed (e.g., element = soil; property =productivity; descriptor= soil fertility; and
indicator= % organic matter). The Natural Step (TNT, 2004) develops indicators to
represent four conditions for a sustainable society to identify sustainability problems,
visions, and strategies.

10	
  
	
  

Transportation Related Indicators
Motor vehicles are major energy consumers and sources of air, noise, and water
pollution. Transportation represents approximately 27% of total U.S. energy consumption
and 70% of total petroleum consumption (ORNL, 2001). Reducing personal
transportation and promoting non-motorized and public transportation are the primary
objectives to consider when addressing sustainability.
Land use management strategies such as Smart Growth, New Urbanism, TransitOriented Development, and Location-Efficient Development can reduce per capita
automobile use, transportation energy use, and emissions by improving Accessibility and
Transportation Options (Donoso, Martinez, and Zegras, 2006). Land use reforms can
provide a number of benefits. Increased land use density and mix tend to reduce total per
capita emissions (Newman and Kenworthy, 1999; USEPA, 2002).
There are numerous research studies that use urban form as a key indicator for
determining people’s travel behavior and travel choice (Zhang, 2004; Cervero and
Gorham, 1995; Saelens et al., 2003; Cervero and Kockelman, 1997; Frank, 2000).
Density and clustering are two factors that affect travel patterns. Density refers to the
number of people or jobs in a given area (Campoli and MacLean, 2002). Clustering refers
to related activities located close together, often in Commercial Centers. Density and
clustering affect travel patterns through the following mechanisms:
•

Land use accessibility: The number of potential destinations located within a
geographic area tends to increase with population and employment density, reducing
travel distances and the need for automobile travel.

•

Transportation Diversity. Increased density tends to increase the number of
transportation options available in an area due to economics of scale. Higher density
areas tend to have better sidewalks, bicycle facilities, and transit service because
increased demand makes them more cost effective.
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As a result of these factors, increased density and clustering tend to reduce per
capita automobile ownership and use, and increase use of alternative modes (Ewing,
Pendall and Chen, 2002; Kuzmyak and Pratt, 2003; TRL, 2004; TRB 2009). Bento, et al.
(2003) concluded that residents reduced their automobile travel by about 25% if they
shifted from a dispersed, automobile-dependent city such as Atlanta to a more
centralized, multi-modal city such as Boston, holding other economic and demographic
factors constant.
Holtzclaw (1994) and Holtzclaw, et al. (2002) found that average vehicle
ownership and vehicle expenditure per household declined with increasing residential
densities and proximity to public transit, holding constant other demographic factors such
as household size and income. Density at both origins and destinations affect travel
behavior. One study found that increasing urban residential population density to 40
people per acre increases transit use from about 2% to 7%, while increasing densities in
commercial centers to 10 employees per acre resulted in an additional 4% increase in
transit use, to an 11% total mode share (Frank and Pivo, 1995). Some of the differences
in travel behavior between higher and lower density land use patterns may result from
demographic sorting (also called self-selection). People who cannot drive are more likely
to choose a home in older, higher-density urban neighborhoods, and some of these
neighborhoods have low average household incomes, which also tends to reduce per
capita vehicle travel. However, studies that account for demographic factors find that
virtually all groups that live in higher density areas reduce their average annual vehicle
mileage (Cambridge Systematics, 1994; Holtzclaw, 1994; Cao, Mokhtarian, and Handy
2008).
Ewing and Cervero (2002) calculated the elasticity of per capita vehicle trips and
vehicle travel with respect to various land use factors, as summarized in Table 2-1. The
12	
  
	
  

data indicates that doubling neighborhood density reduces per capita automobile travel by
5%. Similarly, doubling land use mix or improving land use design to support alternative
modes also reduces per capita automobile travel by 5%.

Factor

Description

Trips

VMT

Local Density

Residents and employee divided by land area

-0.05

-0.05

Local Diversity (Mix)

Jobs/ residential population

-0.03

-0.05

Local Design

Sidewalk completeness/ route directness and -0.05

-0.03

street network density
Regional Accessibility

Distance to other activity centers in the

-0.20

region
Table 2-1 Typical Elasticities of Travel with Respect to the Built Environment (Ewing
and Cervero 2002)

This suggests that neighborhood design factors (design, diversity, and density)
can reduce per capita vehicle travel by 10-20%, while regional accessibility factors can
reduce automobile travel by 20-40%. These values are incorporated into the U.S.
Environmental Protection Agency’s Smart Growth Index (SGI) Model, which can be
used to predict how various types of land use management strategies can help achieve
transportation management objectives.
Tomalty and Haider (2009) evaluated how community design factors (land use
density and mix, street connectivity, sidewalk supply, street widths, block lengths, etc.)
and a subjective walkability index rating (based on residents’ evaluation of various
factors) affect walking and biking activity, and health outcomes (hypertension and
diabetes) in 16 diverse British Columbia neighborhoods. The analysis reveals a
13	
  
	
  

statistically significant association between improved walkability and more walking and
cycling activity, lower body mass index (BMI), and lower hypertension. Regression
analysis indicates that people living in more walkable neighborhoods are more likely to
walk for at least 10 daily minutes and are less likely to be obese than those living in less
walkable areas, regardless of age, income, or gender.
Nelson/Nygaard (2005) used the results of various studies to develop a model that
predicts the impacts of various smart growth and TDM factors—including land use
density, mix, transit service, walking and cycling conditions, affordable housing, parking
management and pricing, transit service discounts, and other TDM programs—on per
capita vehicle trip generation and related emissions, including land use density, mix,
transit service, walking and cycling conditions, affordable housing, parking management
and pricing, transit service discounts, and other TDM programs. They indicate that
significant reductions can be achieved relative to Institute of Transportation Engineers
(ITE) trip generation estimates.
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METHODOLOGY

Chapter 3 Site Study and Sustainable Indicator Framework
Activity Center Sites
The CATS Consortium, through a grant from HUD and a regional partnership of
local governments, regional organizations, and other stakeholder groups, is developing a
new approach to planning in central Texas by introducing an analytical tool to provide a
better understanding of the impacts of various development patterns. The tool is expected
to be functional this fall, and will be introduced at public planning events in Austin,
Dripping Springs, Elgin, Hutto, and Lockhart, the selected Activity Center sites.
The five Activity Center demonstration sites have certain demographic,
geographic, and economic differences. The size range is for each site is around 400
meters, and in some cases, the small-scale indicators are not performing well. For
example, the Dipping Spring site is located in a small town with few public transportation
options; therefore, the transit accessibility indicator result would be very low. However,
from a small town’s perspective, one or two bus lines may be sufficient. Therefore,
understanding the characteristics of the study sites would be beneficial.
Austin
As home to one of the best job markets in the nation, Austin is the engine of its
robust economy. Austin’s young, creative, entrepreneurial spirit is reflected in the
technology business it has attracted at the University of Texas at Austin, one of the
largest and most admired universities in the nation. As the state capital and Live Music
Capital of the World, Austin is a political, cultural, intellectual, recreational, and social
mecca that offers a fun, healthy, and diverse living environment.
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Figure 3-1: Mueller Site Existing Land Use Map
The Austin Activity Center site is located at the Robert Mueller Municipal
Airport, which is 3 miles from downtown Austin and the Texas State Capita, and 2 miles
from the University of Texas at Austin. As shown in Figure 3-1, most of the parcels
within the site are vacant. One large parcel located in the middle of the site belongs to
Highland Mall, and contains an established single-family neighborhood. However, in the
award-winning plan (Figure 3-2), Mueller calls for new land uses that promote compact
and higher density development that is compatible with the surrounding single-family
16	
  
	
  

neighborhoods. The vision of the Mueller neighborhood is to create a district that would
be a model for responsible urban development and automobile-dependent development
patterns throughout the region that could influence the form and pattern of growth within
Austin.

Figure 3-2: Mueller Future Land Use Map

17	
  
	
  

Dripping Springs
Dripping Springs lies in the beautiful Texas Hill Country, about 25 miles west of
Austin. The city is reaching the tipping point in the transition from a rural, agricultural
small community to a mixed suburban and rural city (City of Dripping Springs
Comprehensive Plan). While the city itself is not growing rapidly, the surrounding area
is, and most of the expansion is in the form of large lot, single-family subdivisions. As
the table below indicates, the population within the city limits has grown relatively
slowly in the last 10 years. However, the Extra Territorial Jurisdiction (ETJ) and School
District (ISD) have seen much more rapid growth.
2000

2009 (est.)

%

Change

2000- 2014 (Proj.)

2009
Dripping Springs

1,548

2,107

36.1%

2,430

Dripping Springs ETJ

9,219

15,170

64.6%

18,919

Dripping Springs ISD

12,908

19,859

53.9%

24,640

Table 3-1: Population Estimates and Projections
The population of Dripping Springs is predominantly Caucasian, and the
percentage of Caucasian residents is increasing. The age of the population also affects the
expectations for service and facilities within the county.
The existing land use map (Figure 3-3) shows that there is a large portion of
vacant land. Within the developed area, the dominate land use at the Dripping Springs
site is single-family residential. Commercial land use parcels are located along Highway
290.
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Figure 3-3: Dripping Springs Existing Land Use Map

Lockhart
Lockhart is located southeast of Austin. Lockhart accounted for 38% of the
County population in 2000, 41% in 2010, and is projected to reach 43% in the 2020. The
projected population in Lockhart is 15,513 persons in 2010 and 19,105 persons in 2020.
Census of Retail Trade data indicate that eating and drinking places and gasoline
service stations have had the most influence on retail sales. Eating and drinking
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establishments have increased by 105% between 1987 and 1992. In Lockhart, the
increased sales of gasoline service stations can be attributed to a 60% increase in the
number of establishments.

Figure 3-4: Lockhart Existing Land Use Map
In 1990, Lockhart’s residents fell primarily within the younger age bracket, with
the largest percentage in the 5- to 9-year age range.. Based upon an assumed continuation
of current trends, the distribution of the population will progress into the older age
bracket by the 2020, resulting in an older average age.
The Lockhart activity center is located mainly in the nine-block area within the
Commercial Central Business (CCB) zoning district. In order for the CCB to play
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important economic and social roles, a variety of uses need to be present. Second-story
residential use should be encouraged to maximize use of the CCB, and also to generate
more activity during all hours. An appropriate blend of uses will create the inviting
environment necessary to revitalize downtown Lockhart. The CCB should be considered
pedestrian friendly. Therefore, it is important that the street-level environment is
appealing to pedestrians, and includes amenities such as patterned sidewalks, benches,
landscaping, seasonal color in planters, adequate lighting, trash receptacles, awning for
shelter, and storefront window displays. The existing land use map shows that all of the
parcels within the site are already developed, with good proportion of commercial,
single-, and multi-family mix. However, for the purpose of future development, Lockhart
will experience some difficulties due to the lack of vacant parcels.
Elgin
Elgin is located in Bastrop and Travis Counties. The population was 5,700 at the
2000 census. By 2005, the population grew to an estimated 8,689. Elgin is also known as
The Sausage Capital of Texas and the Brick Capital of the Southwest due to the presence
of three operating brickyards in the mid-20th century.
The Elgin Commercial Historic District includes 14 city blocks of commercial
and industrial buildings. Most of these buildings are constructed of locally produced
brick and were erected from 1872 to 1947. Over the last 14 years, private property
owners, business owners, and the public sector have invested approximately $9 million in
the downtown area. A majority of the buildings on Main Street have been restored or
renovated.
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Figure 3-5: Elgin Existing Land Use Map
Elgin became a Texas Main Street City in 1990, and was selected as a National
Main Street Community in 1990, 2000, and 2001. The Main Street program is a national
approach to preserving historic downtown areas and creating prosperous, sustainable
communities that are rooted in history. Each year, three cities are selected by the Texas
Historical Commission and Anice Read Main Street Center to become Main Street Cities.
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Hutto
Hutto is a city in Williamson County, located 7 miles east of Round Rock. The
population was 1,250 at the 2000 census; grew to 7,401 at the 2005 census; and reached
14,698 by the 2010 census. Hutto has been named the fastest growing community in
Texas by the Texas State Data Center. Management, professional, and related roles
account for 42.3% of occupations held by Hutto residents.

Figure 3-6: Hutto Existing Land Use Map
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Conclusion
All of the Activity Center sites, with the exception of Austin itself, are located in
suburban Austin Metropolitan areas. These activity center sites are all experiencing rapid
population growth, with the majority of increases related to single families. The Activity
Center sites all have predominantly Caucasian populations with an increasing percentage
of Caucasian residents. Table 3-2 provides descriptive statistics of the households located
within the Activity Center sites.
Variable

Mean

Std. Dev

Min

Max

# Persons in HH

3.05

0.58

2.37

5

HH income

49295

21717

26737

104657

Vehicles in HH

1

0.27

0

1

Table 3-2: Sample Household Characteristics
Chart 3-1: Race distribution of Hutto

Chart 3-2 Race distribution of Lockhart
White!

White!
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American!

Native
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Asian!
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Chart 3-3: Race distribution of Dripping Springs

Chart 3-4: Race distribution of Elgin
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The existing land uses of the five Activity Center sties share some similarities:
•

With the exception of the Lockhart site, there are certain amounts of vacant land for
development;	
  

•

Most sites are developing at a fast pace, especially in the growth of single family
homes;	
  

•

Demo sites are typically located in the town center;	
  

•

The dominant land uses are single family and commercial;	
  

•

Most of sites have few or no public transit options.	
  
As similar as the sites are in these aspects, each site also has individual

characteristics that can be detected by how the boundary is set. For example, the City of
Lockhart has set the boundary in a developed area, with the clear goal of infilling future
development and creating a vibrant town center. Due to the differences and similarities of
the five sites, the results of sustainable indicators of existing conditions will help to
provide a better understanding of a typical Texas small town.
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Chapter 4 Derivation of Transportation-Related Indicators for
Neighborhood Scale
Studies
Because the majority of existing indicator studies are based on a top-down
definition of sustainability that is fed by national-level data, these indicator studies may
not fit into the criteria of the five Activity Center sites. To determine which indicators are
the most suitable and how they should be calculated, it is important to gather existing
transportation studies of neighborhood scale.
Study sites

Data

Methods

Bhatia, 2004

20 communities in Washington, DC A

LNR

Boarnet et al., in press

8 neighborhoods in southern CA

D

NBR

Cao et al., 2006

6 neighborhoods in Austin, TX

D

NBR

D

SUR

D

LGR

San D

LNR/

Cao, Mokhtarian, et al., 8 neighborhoods in northern CA
2009b
Cervero, 2007

26 TODs in five CA regions

Cervero & Kockelman, 50

neighborhoods

in

the

1997

Francisco Bay Area, CA

LGR

Ewing et al., 2009

52 mixed use developments in D

HLM

Portland
Handy & Clifton, 2001

6 neighborhoods in Austin, TX

D

LNR

Handy et al., 2006

8 neighborhoods in northern CA

D

NBR

Joh et al., 2009

8 neighborhoods in southern CA

D

LNR

Khattak & Rodriguez, 2 neighborhoods in Chapel Hill, D

NBR

2005

NC

Kitamura et al., 1997

5 communities in San Francisco, D
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LNR

CA region
Lund, 2003

8 neighborhoods in Portland, OR

D

LNR

Rose, 2004

3 neighborhoods in Portland

D

LNR/
POR

Shay et al., 2006

1 neighborhood in Chapel Hill, NC

D

NBR

Shay & Khattak, 2005

2 neighborhoods in Chapel Hill, D

LNR/

NC

NBR

Table 4-1: Three, Four, or Seven “Ds” Studies Conducted in Neighborhood Scale

Notes:
Data:

A= aggregate
D= disaggregate

Methods:

HLM= hierarchical linear modeling
LGR= logistic regression
LNR= linear regression
NBR= negative binomial regression
POR= poisson regression

SUR= simultaneous linear equations

Most of these studies focus on traditional or early-modern neighborhoods. For
example, Cao (2006) analyzed six middle-income neighborhoods in the Austin area—two
traditional neighborhoods, two early-modern neighborhoods, and two late-modern
neighborhoods. As discussed in last chapter, the Activity Center sites are also traditional
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neighborhoods, with the exception of Mueller. These studies help to begin identifying the
sustainable indicators for the five Activity Center sites.

Derivation of Sustainable Indicators
Based on the studies above, a list of sustainable variables for 7 D analysis was
derived. These variables were derived for the study at the levels of Traffic Analysis Zone
(TAZ). Not all of the variables are available for each Activity Center site. For instance,
certain sites do not have public transportation facilities. The following table provides the
main sustainable variables.
Variables

Definition

Area

Study site area

Population

Resident population within the MXD

Employment

Employment within the MXD; weighted sum of the employment
within the demo sites for all SIC industries

Developed Land

Proportion of developed land within the demo sites

Street Density

Centerline miles of all street per acre land area

Intersection Density

Number of intersections per acre

Transit Accessibility

Number of bus stops within the demo sites per acre land area

Pedestrian-Friendly

Centerline miles of pedestrian path/ centerline miles of all street

Community
Bicycle-friendly

Centerline miles of bicycle lanes/ centerline miles of all street

Community
Street connectivity

The number of street links in a given area / the total number of
intersections in a given area
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Mode choice

Mode choice variable taking discrete values: 1 Driving Alone, 2
Car Pool, 3 Walking, 4 Biking, 5 Taxi, and 6 Bus

VMT

Vehicle Miles of Travel

Vehicle ownership

Number of motorized vehicles per person in the household

Table 4-2: Sustainable Indicators
Major Indicator Studies
Street Connectivity
Street connectivity is defined as the ratio of the number of street links (road
sections between intersections) in the street layout and the number of street nodes
(intersections and cul-de-sac heads). A perfect grid has a Street Connectivity Index of 2.0
or higher. The figure for a conventional cul-de-sac subdivision is often 1.0 or less.
Connectivity refers to the density of connections in a path or road network and the
directness of links. A well-connected road or path network has many short links,
numerous intersections, and minimal dead-ends (cul-de-sacs). As street connectivity
increases, a more accessible and resilient system is created. Connectivity can apply both
internally (streets within that area) and externally (connections with arterials and other
neighborhoods).
Connectivity involves a system of streets that provide multiple routes and
connections to the same origins and destinations. A highly connected area includes a
system of parallel routes and cross connections, few closed-end streets, many points of
access, and narrow streets with sidewalks or off-street paths.
By contrast, a cul-de-sac street pattern offers few route options because all traffic
is funneled into a small number of arterial roads, which can cause congestion.
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Increased connectivity can decrease traffic on arterial streets; reduce travel time;
reduce travel distance; and reduce the number of vehicle miles traveled. A wellconnected road network can provide continuous and more direct routes for travel by
walking and biking; provide greater emergency vehicle access and reduce response time;
and provide improved utility connections, easier maintenance, and more efficient trash
and recycling pick up.
Study
Zhang
(2004)
Zhang
(2004)
Cervero &
Ewing
(2010)
Cervero &
Ewing
(2010)
Cervero &
Ewing
(2010)

The Number
Dependent
of Samples
Variable
1619
Transit mode
choice for work
trips
1036
Transit mode
choice for nonwork trips
Weighted average
elasticity of
walking
Weighted average
elasticity of transit
use
Weighted average
elasticity of VMT

Independent
Variable
Street
Connectivity

Boston, MA/ 0.08
Hong Kong

Street
Connectivity

Boston, MA/ 0.04
Hong Kong

Intersection/
street density

0.39

Intersection/
street density

0.23

Intersection/
street density

0.12

Location

e

Table 4-3: Elasticities for Street Connectivity
The concluded elasticity is computed for individual studies and pooled to produce
weighted averages from the 2010 Urban Travel Meta Study by Ewing and Cervero.
There are several formulas that can be used to measure street connectivity, as
provided below. For this project, the first measurement formula—which was developed
by Dr. Ewing in 1996—was employed.
1. The number of street links in a given area / the total number of intersections in
a given area (Ewing, 1996)
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2. The number of intersections / (the number of intersections and the number of
cul-de-sacs), expressed on scale from zero to 1.0 (USEPA, 2002); An index over 0.75 is
desirable
3. The number of surface street intersections within a given area
4. Walking Permeability Distance Index (Allan, 2001); an accessibility index
specific to walking trips (Allan 2001; Soltani and Allan, 2005). It aggregates walkability
factors such as street connectivity, street width, and sidewalk quality.

Figure 4-1: Street Grid Samples of Street Connectivity
Ewing (1996) presented the street connectivity index, which was the ratio of the
number of roadway links to the number of roadway nodes. A higher index means that
travelers have more route choices by giving them more direct connections for access
between any two locations. According to this index, a simple box is scored a 1.0. A foursquare grid scores a 1.33, while a nine-square grid scores a 1.5. Dead-end and cul-de-sac
streets reduce the index value. This sort of connectivity is particularly important for nonmotorized accessibility. A score of 1.4 is the minimum needed for a walkable
community.
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To improve the performance of street connectivity, the City of Austin adopted
development codes which specify the requirement for connectivity, and has a specific
internal circulation system that is the design standard for large sites. For example,
“maximum block size” is required for development sites, with internal blocks no longer
than 660 feet by 330 feet from curb to curb. The maximum block length applies both to
blocks containing buildings and blocks containing surface parking. Within a development
site, the internal circulation routes connecting the blocks must form an interconnected,
grid-like transportation system. Contiguous green spaces are not subject to the blocklength requirements, but if the green space is longer than 150 feet, it must include a
pedestrian and bicycle shared use path as a mid-block connection every 150 feet.
Moreover, the City of Austin requires improvements to encourage pedestrian,
bicycle, and vehicular connectivity. Private drive or public street connections to existing
private drives or public streets on adjacent sites must be provided, or stub-outs should be
used if connections are not feasible. Where a public street is adjacent to the property line,
direct pedestrian and bicycle access from that street to a customer entrance should be
provided. The pedestrian and bicycle access points must be fully accessible during
operating hours.
Option
Provide pedestrian
and bicycle
connections from
adjacent parkland
Provide solar power
shading devices in
parking lots
Provide pedestrian
connection to

Description/Comments
Where public parkland is adjacent to the property line, provide pedestrian
and bicycle access from the trail or walkway system on that parkland to
the building entrance. The pedestrian and bicycle access points must be
fully accessible during operating hours and shall meet city standards for
pedestrian and bike ways.
Devices shall comply with requirements of administrative rules on this
subject.
If there is a residential development adjacent to the site, provide a
pedestrian connection to those buildings, up to the property line, and to an
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adjacent residential
development

Internal utility lines
should be located in
drive aisles or
internal circulation
routes, rather than
under parking areas.
Limit curb cuts
At least 50% of the
provided parking
should be
constructed of
concrete or pervious
pavement
Enhance physical
fitness opportunities
and multi-modal
connectivity by
providing shower
facilities

existing pathway if one is present on the adjacent site. Compliance with
this option also may include providing a sidewalk that connects the
project site to an adjacent residential development and that runs along a
public roadway where no sidewalk currently exists or where the existing
sidewalk does not meet the width standards.
Do not locate utility lines beneath surface parking areas. This is designed
to facilitate future redevelopment.

Connections between site and adjacent arterials and highways occur no
more frequently than every 330 feet. An internal circulation route does
not count as a curb cut.
If located in the Edwards Aquifer Recharge zone, only concrete may be
used to satisfy this option. Open grid pavement systems may be used in
areas providing fire access only if shown to meet Fire Department loadbearing requirements.
To comply with this option, the site must meet by one of the following
minimum size thresholds and provide the listed facilities:
- Office uses: 1 shower facility and 3 lockers for buildings more than
10,000 square feet (ADA requirements may not permit a single unisex
shower if the expected occupant load exceeds 10. The number of required
showers may be increased to 2 ADA showers)
- Commercial uses: 1 shower facility and 3 lockers for each building
- Industrial uses: 1 shower facility and 3 lockers for each building
exceeding 100,000 square feet of gross floor area

Table 4-4: Additional Measures to Improve Connectivity

Transit Accessibility
In this study, Transit Accessibility is defined as the density of bus stops in the
area, with the formula being the number of bus stops / the gross acreage of a given area.
A higher transit stop density is associated with more use of buses and less use of
automobiles. A high transit stop density generally indicates better transit accessibility,
which reduces congestion impacts; and less vehicle ownership and mileage-based
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depreciation costs. Moreover, transit accessibility has indirect environmental impacts, as
well as effects on physical activity and public health. While public transit tends to
represent only a small percentage of the total travel in any given community, transit trips
during the heaviest travel times have the potential to relieve congestion along major
travel corridors. In areas where those travel corridors extend beyond the urban transit
provider’s service boundary, coordination between the urban transit provider and
adjacent suburban or rural provider(s) will allow transit to remain or become a viable
travel option for more area residents. Small cities, towns, and rural areas that are faced
with geographically scattered populations can have trouble stretching transit resources to
cover all of the area and serve potential riders. The result can be “pockets” of transit
service that leave significant numbers of potential destinations and riders un-served or
underserved.
Study
Ewing et
al. (2009)
Bento et al.
(2003)
Frank &
Engelke,
(2005)
Frank et al.
(2009)
Cervero &
Ewing
(2010)
Cervero &
Ewing
(2010)

Number
of
Samples
3823
6808

Dependent
Variable
Transit mode
choice
VMT per
household

4546

VMT per
household

2697

VMT per
household
Weighted
average
elasticity of
walking
Weighted
average
elasticity of

Independent
Variable

Location

Bus stop
density
Distance to
transit stop

e

San Francisco, CA/
San Diego, CA
Nationwide
Personal
Transportation
Survey
Distance to bus Seattle, WA
stop

0.08

Distance to bus Seattle, WA
stop squared
Distance to
nearest transit
stop

0.04
0.15

Distance to
nearest transit
stop

0.29
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0.08
0.01

Cervero &
Ewing
(2010)

transit use
Weighted
average
elasticity of
VMT

Distance to
nearest transit
stop

0.05

Table 4-5: Elasticities for Transit accessibility
Transit accessibility could meet sustainable development goals in several
categories, including land use, social equity, environment, and economic. Public transit
service can help achieve various land use planning objectives by reducing the amount of
land that must be paved for roads and parking facilities in an area, and providing a
catalyst for more compact urban redevelopment (Cambridge Systematics, 1998; Litman,
1995). High transit accessibility can reduce VMT, and as a result, reduce air pollution,
resource consumption, water pollution, and “heat island” effect. Transit can provide
various economic development benefits (Cambridge Sustematics, 1998; Forkenbrock and
Weisbrod, 2001; ECONorthwest and PBQD, 2002). Because of the labor intensive
characteristics of transit, transit expenditures tend to provide more jobs and local business
activity than most other transportation investments.
Due to the importance of transit accessibility, planning and transportation policy
addresses transit accessibility. The Safe, Accountable, Flexible, Efficient Transportation
Equity Act: A Legacy for Users (SAFETEA-LU) includes provisions for interagency
coordination of transit services in several of its transit funding programs. In response to
the Texas Legislature’s House Bill 3588, 24 council of governments (COGs) regions in
Texas worked with TxDOT to develop regional plans for transit coordination.
Bicycle Friendly Community
The formula to determine whether a community is bicycle friendly takes into
consideration the number of miles of bicycle lane per centerline mile of streets. This
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study uses the formula: total mileage of bicycle path / the total mileage of street
centerline.
Higher bicycle path coverage increases active transportation options and basic
mobility, which particularly benefits non-motorized travelers. Cycling is often the most
affordable transportation mode. Improved bicycle facilities and coverage promotes social
equity, especially for the transportation disadvantaged. The improvement of bicycle
facilities creates more balanced transportation systems that reduce automobile
dependency. Shifts from the motorized mode to the non-motorized mode reduces
congestion, promotes road and parking facility savings, creates consumer savings, and
supports other alternative modes.
Cycling has a relatively high casualty rate per mile of travel, but this is offset by
the chance to reduce risks to other road users and by the fact that cyclists tend to travel
less overall than motorists. International research indicates that as cycling activity
increases in a community, per capita traffic accident rates decline (Jacobsen, 2003).
Cycling can provide significant aerobic fitness health benefits, which more than offsets
the increased crash risk (Roberts et al., 1996; Frank and Engelke, 2000). Cycling facility
improvements improve community livability and reduce automobile costs, which result
in increasing property values and improve economic development. Bicycles are
affordable modes of transportation, and nearly everyone can bike at a relatively lower
cost than other motorized modes.
Study
Bhat &
Eluru
(2009)
Bhat, Sen,
et al. (2009)

The Number
of Samples
3696

Dependent
Variable
VMT per
household

Independent
Variable
Bicycle lane
density

8107

VMT per
household

Bicycle lane
density
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Location

e

San Francisco
Bay Area, CA

0.08

San Francisco
Bay Area, CA

0.05

Table 4-6: Elasticities for Bicycle Lane Density
Comparing the elasticities in Table 4-6 to the elasticities in Table 4-4, improving
bicycle facilities could decrease VMT per household. The CAMPO 2035 Plan has an
objective to “promote improvements in bicycling and pedestrian mode choice for all
persons in the region by sharing ideas and bridging disciplines between regional
bicycling and pedestrian leaders engaged in planning advocacy and implementation.”
Pedestrian Friendly Community
According to Rodriguez’s study (2004), the availability of sidewalks is
significantly correlated with an individual’s propensity to walk to final and intermediate
destinations. The presence of sidewalks in the shortest route to a destination is associated
with a higher propensity to select the pedestrian mode for work and school trips. In this
study, the pedestrian friendly community index is formulated as the total mileage of
sidewalks / the total mileage of street centerlines.
Study
Ewing et al.
(2009)

The
Number of
Samples
3,823

Rodriguez & 448
Joo (2004)
Rodriguez & 454
Joo (2004)

Dependent
Variable

Independent
Variable

Walk mode
choice

Sidewalk
coverage

Walk mode
choice for
commute trips
Transit mode
choice for
commute trips

Sidewalk
coverage
Sidewalk
coverage

Location

e

52 mixed-use
developments in
Portland
Chapel Hill, NC

0.27

Chapel Hill, NC

0.28

1.23

Table 4-7: Elasticities for Sidewalk Density
In the city of Austin Design Standard and Mixed Use Code, there is a specific
design standard for pedestrians. The Article 2: Site Development Standards state that “In
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order to create an environment that is supportive of pedestrian and transit mobility, public
sidewalks shall be located along both sides of all Core Transit Corridors in accordance
with the requirements of this section. For development that is subject to the requirements
of this section, no sidewalk shall be less than 15 feet in width, unless otherwise approved
as part of the site plan review process.”
Pedestrian Friendly Index (PFI)
The Pedestrian Friendly Index (PFI) was developed for the CAMPO region by
Greg Griffin of CAMPO. This method uses variables such as population density, retail
density, and intersection density to model the friendliness of a TAZ.
The three density variables for the PFI are based on the interpretations of current
pedestrian friendly research. Lee and Moudon (2006) find the evidence that nearby retail
services such as grocery stores, restaurant, banks, etc. increase walking. Moundon et al.
(2006) and Cerrin et al. (2007) show that grocery stores, restaurants/bars, retail locations,
and coffee shops are common walking destinations. Intersection density is a commonly
used measure when conducting pedestrian friendly research studies (Saelens et al., 2003;
Ewing and Cervero, 2010; Lee and Moudon, 2006; Leslie et al., 2005; Berrigan et al.,
2010).
The Formula of PFI
PFI = (Dp + De + Di)
Where,
Dp is the population density of a traffic analysis zone, expressed as population
divided by square miles in a TAZ;
De is the employment density of a TAZ, also expressed by dividing by the
number of square miles in a TAZ; and
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Di is the intersection density per TAZ, expressed as intersections per square mile.
Note: All of the interim PFI values were sorted, and divided by the factor
equating the top value to 100. So, the resulting PFI is an ordinal value.
Percentage of Four-Way Intersections
According to Smart Scorecard study, the higher the fraction of four-way
intersections, the more likely people will walk on a travel day. The models created by
Cervero indicate that the existence of numerous four-way intersections encourages
walking and other non-motorized trips by providing for the conditions of controlled street
crossings and more access points. (Cervero & Kockelman, 1997). This index is simply
measured as the percentage of four-way intersections over all intersections.
	
  
Study

N

y

x

e

Boarnet et al., 2009

1370

Walk trips per person

% 4-way intersections

-0.09

Boer et al., 2007

29724

Miles walked per person

Proportion 4-way intersections

0.39

Cervero & Kockelman, 1997

2850

Non-private vehicle
choice for non-work trips

Proportion 4-way intersections

0.00

Chatman, 2009

999

Walk/bike trips per
person

4-way intersection density

0.30

Joh et al., 2009

2125

Walk trips per person

% 4-way intersections

-0.27

Cervero, 2007

726

Transit mode choice for
work trips

% 4-way intersections

1.08

Cervero & Ewing (2010)

Weighted average
elasticity of walking

% 4-way intersections

-0.06

Cervero & Ewing (2010)

Weighted average
elasticity of transit use

% 4-way intersections

0.29

Cervero & Ewing (2010)

Weighted average
elasticity of VMT

% 4-way intersections

-0.12
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Table 4-8: Elasticities for Percentage of Four-way Intersections
Percentage of Cul-de-sacs
This index is formulated as the percentage of Cul-de-sacs over all intersections.
Cul-de-sacs are common features of post-World War II type development, and are often
considered the converse of traditional grid-like street geometry. According to Rajamani
and Bhat’s research, the cul-de-sac variable has an intuitive influence on the number of
walking trips. A large number of cul-de-sac streets in a neighborhood might make
walking difficult because of curvilinear and seemingly longer routes. A higher percentage
of cul-de-sacs can increase resistance to walking and lead to greater automobile
dependence. Their model indicates that traditional neighborhood street design, with few
cul-de-sacs and a grid-like geometry, has the potential to encourage walking (Rajamani,
2003).
Study

N

y

x

e

Rajamani et al., 2003

2500

Walk mode choice for nonwork trips

% Cul-de-sacs

0.00

Rajamani et al., 2003

2500

Transit mode choice for nonwork trips

% Cul-de-sacs

0.00

Table 4-9: Elasticities for Percentage of Cul-de-sacs

Conclusion
In this chapter, sustainable indicators are developed based on the goals of
reducing VMT and creating a more sustainable lifestyle. As discussed in the literature
review, there are other variables to be considered in assessing sustainability, such as walk
score, block size, on-street parking index, and other subjective variables, such as safety of
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neighborhoods and aesthetics. However, because data for some of these variables are
difficult to collect, this study did not consider them as sustainable indicators.
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Chapter 5

Calculating 7D Variables in GIS

2006 Austin Travel Survey
Once the sustainable indicators are derived, the next step is to calculate the indicators in
GIS and analyze the result. The main data source for the analysis comes from the 2006
Austin Activity Survey. The survey records geographic coordinates of activity locations
and trip ends (origins and destinations) of the surveyed travelers. For travel analysis,
these trips ends are geocoded in GIS. The next step is to capture the trips located within
the Activity Center sites, and run the indicator result with the trip mode choice variable,
using the linear regression model.
Modeling
The main approach to achieve the sustainable goals is to reduce shifting mode choice,
which eventually reduces the VMT. VMT has been recognized as the core contributor to
the release of greenhouse gases (GHG). Sustainable development has been pushed to the
forefront of public policy consideration, and legitimate questions about the appropriate
responses have become central to international discussions. The main goal is to
discourage vehicle travel to reduce oil consumption, and thus, limit GHG emissions
(particularly carbon dioxide).
A typical approach is to use integrated land-use/ traffic-assignment models to estimate
how much VMT might be saved by generic but location-specific changes in land use
density or land use mix. In order to test the sustainable transportation variable, it is
necessary to model variables with outcomes such as VMT and mode choice.
Data Sources
In this study, GIS data were obtained from the City of Austin, Capital Metro, the
U.S. Census Bureau, and the CAMPO website. Most datasets were publicly available on
the Capital Area Council of Governments (CAPCOG) GIS Datasets website.
Region/ Neighborhoods:
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Demographic: 2005 Traffic Analysis Zone (TAZ)
•

Land Use 2008 (CAPCOG website)

•

Five counties road (CAPCOG website)

•

Sidewalks (CAPCOG website)

•

2005 Austin Travel Survey

All datasets were projected into a common projection system: NAD83, Texas
Central State Plane, Survey (feet).
GIS Variable Results
The Activity Center GIS indicator results are provided below. However, because
no sidewalk or bicycle lane data exist for any of the Activity Center sites except for
Austin, the results show the pedestrian and bicycle friendly indicators.
To analyze the Activity Center site results, it is reasonable to have a reference
study. The CAMPO 2009 Transit-Oriented Development Study is an excellent reference
because 1) it is based on the Austin Metropolitan Area, 2) it studied 19 MXDs that share
similarities with sustainable communities, and 3) it utilizes almost the same dataset.
Comparing the Activity Center sites’ results with the MXD variables will provide some
insight to the performance of the five sites.
Variables

Minimum

Maximum

Mean

St. Dev.

Area (Acre)

126.88

1798.98

892.73

781.24

Population

3732

445

2223

1337

Employment

1505

373

1022.8

429

Developed

0.162

0.786

0.436

0.238

10.1

84.2

27.4

31.5

Land
Street Density
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%

4

way 0.12

0.75

0.40

0.25

intersections
% Cul-de-sac

0.02

0.28

0.13

0.11

Street

4.81

1.34

2.47

1.36

0.39

3.44

1.84

1.34

connectivity
PFI

Table 5-1: Demo Sites Variables Descriptive Statistics

Variables

Minimum

Maximum

Mean

St. Dev.

Area (Acre)

25.1

549.5

205.89

113.09

Population

14

9975

1555.86

1893.83

Employment

6

7583

1319.5

1585.46

Developed

0.6

1.0

0.89

0.09

7.70

46.23

28.51

9.72

1.0

0.44

0.23

land
Street Density
%

4

way 0.1

intersections
% Cul-de-sac

0.0

0.4

0.09

0.09

Street

4.81

1.34

2.05

1.36

connectivity
Table 5-2: MXD Study Variable Descriptive Statistics
As shown above in Tables 5-2 and 5-3, the average size of an Activity Center site
is 10 times larger than an MXD. Therefore, the relative population density and
employment density is much lower at the Activity Center sites, while there is twice the
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amount of developed land at an MXD. Street density and street connectivity are largely
the same for the Activity Center sites and MXDs. MXDs have better performance in both
the percentage of four-way intersections and cul-de-sacs.
The results of the sustainable indicators are not surprising because the
undeveloped rate of the Activity Center sites is much higher.
Mode Choice Analysis
The 2005 Activity Travel Survey includes 13 types of travel modes; the statistic
summary of the modal split is shown in Table 5-4.
Mode

Frequency

%

Walk

4

3.80

105

58.66

61

34.08

Commercial Vehicle Passenger

1

0.56

Taxi/Paid Limo

3

1.67

Other

4

3.80

Refused

1

0.56

179

100

Auto/Van/Truck Driver
Auto/Van/Truck Passenger

Total Valid Records
Table 5-3 Modal Split of Activity Center Sites Trips

As shown above, the largest transportation mode is auto, either as a passenger or
driver. There is no transit trip mode. Based on the mode slip trips data, a linear regression
model is conducted to test the sustainable variables. The result of mode choice model is
shown in Tables 5-4 and 5-5.
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Model

B

Std. Error

t

Constant

.567

1.290

.440

Pop density

.400

2.095

.891

Emp density

-.805

6.795

-.118

Street connectivity

.027

1.090

.925

Street density

.004

.006

1.043

Table 5-4: Drive Mode Regression Model Result
Model

B

Std. Error

t

Constant

1.439

1.161

1.240

Emp density

-.434

.458

-.948

% 4 way intersections

-.717

.914

-.785

% cul-de-sac

-2.413

3.540

-.682

PFI

.100

.198

.504

Table 5-5: Drive Mode Regression Model Result
Because the 2005 Travel Survey failed to capture a large proportion of transit
trips, the run transit mode regression model will not have a reasonable result. Because of
this reason, this study focuses on the drive and walk modes. Tables 5-8 and 5-9 record the
result of the drive mode linear regression model. Most of the variables are statistically
significant.
It is understood that as population density increases, more transportation activities
occur. However, as employment density increases, driving behavior is decreased. Street
connectivity and street density have little impact on driving behavior. On the other hand,
as the percentage of cul-de-sacs increases, people drive less. One possible reason could
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be that most cul-de-sacs are located in single-family neighborhoods, which generally
have less transportation activities compared with town centers or commercial areas.
Model

B

Std. Error

t

Constant

.021

.177

.120

Pop density

.041

.147

.477

PFI

.030

.112

-1.268

% cul-de-sac

-.087

.483

-.980

Developed land

.015

.134

.810

Table 5-6: Walk Mode Regression Model Result
Table 5-10 shows the result of the walk mode linear regression mode. As the PFI
increases, more people tend to walk, while as the percentage of cul-de-sacs increases,
walking activity is decreased. More developed land also helps to increase walking
activity.
As the model result indicated, the variables derived can evaluate the mode shift of
Activity Center sites and sustainability goals.
Variable Results Analysis
It is shown above that derived variables are statistically significant to evaluate
transportation sustainability of the five Activity Center sites. As discussed in Chapter 3,
the five sites share some similarities, but also have certain differences in demographics
and urban form. Therefore, it is necessary to analyze the existing performance of each
site.
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Austin
Mueller is located within the City of Austin, and has existing conditions that are
typical of single-family residential and big box retail uses. In its pursuit to become a
compact, pedestrian oriented, and high-density community, sustainable indicators will
need to be incorporated to better evaluate the plan.
Variables

Mueller

Activity

MXD

Center Sites
Area (Acre)

839.10

892.73

205.89

Population

1352

2223

155.86

Employment

989

1022

1319.5

Developed land

0.43

0.50

0.89

Street Density

84.4

19.0

28.51

% 4 way intersections

0.35

0.39

0.44

% Cul-de-sac

0.11

0.13

0.09

Intersection Density

0.04

0.03

PFI

2.63

1.84

Street Connectivity

4.81

2.47

2.05

Table 5-7: Sustainable Variables Results of Mueller
Compared with the other sites and the MXDs, Mueller is a low population and
employment density site. Because the site contains two single-family neighborhoods and
big box retail, the street grid differs from the town center pattern. However, as shown
above, unlike traditional single-family neighborhoods with a high percentage of cul-desacs, Mueller has few cul-de-sacs and has a high rate of street connectivity (4.81
compared with 2.47 of the other Activity Center sites and 2.05 of MXD) and street
density.
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Figure 5-1: Mueller Site Pedestrian, Bicycle, and Transit Existing Conditions
Because of the current lack of pedestrian, bicycle, and transit data for the four
counties within Austin Metropolitan Area except Travis county, this study did not
calculate pedestrian, bicycle friendly community, or transit accessibility variables.
Mueller is the only site that has data for all three categories; however, Figure 5-1 shows
that only one transit line goes though Mueller. In the future plan, transit accessibility
should be one of main improvement programs.
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Dripping Springs
Dripping Springs is the largest of the five Activity Center sites. Existing land uses
include a large proportion of single-family residences and vacant land, with some
commercial use located along Highway 29.
Variables

Dripping Springs

Activity

MXD

Center Sites
Area (Acre)

1798.98

892.73

205.89

Population

3185

2223

155.86

Employment

1300

1022

1319.5

Developed land

0.28

0.50

0.89

Street Density

10.17

19.0

28.51

% 4-way intersections

0.12

0.39

0.44

% Cul-de-sac

0.28

0.13

0.09

Intersection Density

0.01

0.03

PFI

0.39

1.84

Street Connectivity

1.34

2.47

2.05

Table 5-8: Sustainable Variables Results of Dripping Springs
Dripping Springs’ existing street grid pattern is below the average standard of the
Activity Center sites and MXDs, with only one third of the percentage of four-way
intersections (0.12 compared with 0.39 of other Activity Center sites, and 0.44 of
MXDs), and double the percentage of cul-de-sacs (0.28 compared with 0.13 of other
Activity Center sites, and 0.09 of MXDs). Also, the street connectivity of the Dripping
Springs site is much lower than the average standard. In the future development and plan,
Dripping Springs would need to focus on the design of the street grid, and incorporate
pedestrian and bicycle friendly design.
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Elgin
The Elgin site boundary is quite unique, as it specify N Avenue, West 11th Street,
and West 2nd Street inside the boundary. The purpose of improving the streetscape, and
creating a more pedestrian and bicycle friendly area is clear. Moreover, the Elgin site
already contains a large proportion of commercial and retail parcels.
Variables

Elgin

Activity

MXD

Center Sites
Area (Acre)

132.78

892.73

205.89

Population

2401

2223

155.86

Employment

947

1022

1319.5

Developed Land

0.85

0.50

0.89

Street Density

27.44

19.0

28.51

% 4-way Intersections

0.52

0.39

0.44

% Cul-de-sac

0.02

0.13

0.09

Intersection Density

0.04

0.03

PFI

3.44

1.84

Street Connectivity

2.41

2.47

2.05

Table 5-9: Sustainable Variables Results of Elgin
The Elgin site contains 85% developed land, a large proportion of which is
dedicated to commercial land uses. In this case, the percentage of four-way intersections
(0.52 compared with 0.39 of other Activity Center sites and 0.44 of MXDs) and street
density (27.44 compared with 19.0 of other Activity Center sites and 28.51 of MXDs) is
relatively high, while the percentage of cul-de-sacs is pretty low (0.02 compared with
0.13 of other Activity Center sites and 0.09 of MXDs).
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Based on a review of the existing map and variable results, it was determined that
Elgin street pattern is in good existing condition. However, there are still a lot of
development and improvement opportunities within the site, including increasing street
connectivity, improving the streetscape, and providing more pedestrian and bicycle
facilities. Moreover, increased transit options should be provided within the City of Elgin
and connecting with other cities of the Austin Metropolitan area.
Hutto
Hutto has the largest percentage of undeveloped land of the five Activity Center
sites; thus, the population and employment density is the lowest.
Variables

Hutto

Activity

MXD

Center Sites
Area (Acre)

1565.90

892.73

205.89

Population

445

2223

155.86

Employment

373

1022

1319.5

Developed Land

0.16

0.50

0.89

Street Density

51.44

19.0

28.51

% 4-way Intersections

0.23

0.39

0.44

% Cul-de-sac

0.21

0.13

0.09

Intersection Density

0.06

0.03

PFI

0.52

1.84

Street Connectivity

1.74

2.47

2.05

Table 5-10: Sustainable Variables Results of Hutto
Although the Hutto site has few developed areas, the street pattern base is laid out
in good condition. The percentage of four-way intersections, cul-de-sacs, and street
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connectivity is about the average standard. There is some room to improve the design of
street pattern.
Lockhart
Lockhart is one of the Activity Center sites that has the most developed parcels.
The site is located at the center of a city commercial area. The land use mix of Lockhart
is ideal for pedestrians and increased walking and biking activities.
Variables

Lockhart

Activity

MXD

Center Sites
Area (Acre)

126.88

892.73

205.89

Population

3732

2223

155.86

Employment

1505

1022

1319.5

Developed Land

0.78

0.50

0.89

Street Density

10.24

19.0

28.51

% 4-way Intersections

0.75

0.39

0.44

% Cul-de-sac

0.03

0.13

0.09

Intersection Density

0.02

0.03

PFI

2.21

1.84

Street Connectivity

2.05

2.47

2.05

Table 5-11: Sustainable Variables Results of Lockhart
The street grid pattern—with a grid size of 255 feet * 255 feet—is most ideal in
this site, which is located in the town center of Lockhart. The percentage of four-way
intersections is relatively high in this site (0.75 compared with 0.39 of other Activity
Center sites and 0.44 of MXDs), while the percentage of cul-de-sacs is only 0.02
compared with 0.13 of the other Activity Center sites and 0.09 of MXDs.
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CONCLUSION
This study accessed sustainability of five Activity Center sites for Capital Area
Texas Sustainability project. In doing so, a set of transportation-related indicators was
derived. Mode choice linear regression model was conducted to test the significance of
each indicator. Finally, indicators collected and calculated from GIS are analyzed.
The development of sustainable indicators provides the evaluation system for
Texas region activity centers plans. The state, region and subsidiary governments have all
experienced population growth in the region, which has called for more sustainable
planning. Historically, local governments have been reliant on traditional planning
process,

including

making

plans,

public

participations.

A

more

subjective,

mathematically measurement system will help regional and local government in planning
process.
Through the process, however, there are issues in collecting data. First of all,
transit, pedestrian and bicycle data are missed from four counties within Austin
Metropolitan Area except Travis County. In 2005 Austin Travel Survey, large amount of
transit trips were not captured.
As this study and other credible research have demonstrated, better design of
urban form could help promoting non-motorized travel behavior and decrease Personal
Travel Miles. Moreover, as many sustainable indicator studies and seven Ds travel
studies have proved, the travel behavior is closely related objective impression as well.
Sometimes even with a well-built pedestrian and transit environment, people still drive
for other reasons. This could be due to a neighborhood’s characteristics or to residents’
socio-economic background.
Future extension of this study is to encompass more criteria of transportation
conditions. Moreover, when measuring the indicator, more detail should be considered as
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well. For example, for transit accessibility, the transit time schedule should be
considered. Another example would be, as for pedestrian friendly, the speed limit of
street should be taken into account.
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