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Walkability is desirable for a variety of reasons. Sometimes, walkability is
desirable because it is the only available or affordable transportation modal choice. Urban
form and transportation infrastructure can be hostile to pedestrians because cars are
prioritized first, and pedestrians often face unsafe situations and a lack of pedestrian
facilities. This analysis explores a spatial distribution of pedestrian access to
opportunities in Austin, TX, and examines the locations of households of different
income levels relative to areas of high pedestrian access to opportunities. To achieve
results that are equally precise across the study area, this analysis employs GIS analysis
and U.S. Census 2000 data, and analyzes the study area using a ½ square-mile grid
system. High pedestrian access areas are defined as locations where residential parcels
have pedestrian network access to multiple types of opportunities and above average
number of opportunities. This analysis finds that low income households are more
associated with high pedestrian access areas in Austin, TX, than moderate and high
income households. If lower income households are consistently shown to rely more on
pedestrian infrastructure than moderate or high income households, it may be important
to allocate funding to high pedestrian access areas with low income populations in such a
way that is socially equitable, and that will result in more use of the pedestrian facilities.
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Introduction
Current mobility infrastructure in the United States supports and is dominated by
the personal vehicle. The U.S. Department of Transportation Nationwide Personal Survey
Transportation (NPTS) for the year 1995 confirms that a private mode of transportation is
by far the most common modal choice in the U.S. (Hv & Young, 1999). In Austin, Texas,
the Austin Commuter Survey found that in the year 1995, 86% of workers had commuted
by personal vehicle on their most recent work day (Bhat, Sivakumar, Sen, Guo, &
Copperman, 2005). In Austin, TX, motorized vehicles and personal automobiles in
particular are the uncontested dominant transportation modal choice.
Development patterns and transportation infrastructure that is highly vehicle
oriented means that it is convenient to access a variety of services and goods for car
owners. It is not as convenient for individuals who do not own or who have limited
access to a personal vehicle, and these people can be marginalized. As defined in this
study according, there are 11,582 opportunities and 89,508 trip origins in Austin, TX.
These figures give an impression of the number of trips that converge on a relatively
smaller number of opportunities; an important consideration for access and mobility. In
2006, Richard Knowles found that, “Within urban areas in developed countries, activity
sites have tended to decentralise away from CBDs to car accessible locations” (2006).
This paper explores whether low income populations, which tend to own fewer vehicles
per household, are located within pedestrian accessible distances to the opportunities in
Austin, TX, despite the recent trend for opportunities to become more accessible by car.
Different transportation modes each affect how an individual perceives distances,
and this is a serious issue for pedestrians in a car dominated environment. For those
traveling by car, it is easy to cover a long distance in a short period of time. Also,
transportation infrastructure and many popular destinations, for example shopping malls
and grocery stores, are designed with a large parking lot to accommodate many drivers.
The result is that driving one’s own car to a destination that is 20 miles away might take
only 20 to 30 minutes total. Active and public mode users do not experience the same
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level of access to destinations because the active and public modes are slower and have
less flexible routes and less flexible departure and arrival times. According to Wibowo
and Olszewski, through the lens of other modes, either non-vehicles like bicycling or
walking, or shared modes such as a bus or train, perceptions of distance are different and
also depend on pedestrian infrastructure and accessibility (2005). Active and public
modes frequently function in an environment designed for relatively fast travel speeds
and corresponding perceptions of distance.
Low income individuals are one group that may be at risk for experiencing social
exclusion caused by a lack of access to a personal vehicle. In Austin, TX, low income
households own vehicles at lower rates than higher income households (Bhat, Sivakumar,
Sen, Guo, & Copperman, 2005). According to Taylor & Ong, a lack of access to a
personal vehicle can be related to a lower level of access to jobs, services, and goods
(1995). And, lower income individuals more often have to rely on public transportation
and experience higher travel times with less access to opportunities (Knowles, 2006;
Taylor & Ong, 1995). It may therefore beneficial for low income households to be
located in areas where the spatial distribution of opportunities supports pedestrian access
to a variety of goods and services. In terms of mitigating the effects of social exclusion, if
low income households experience a disproportionately high benefit from pedestrian
access to goods and services, there may be an opportunity for cities to incorporate new or
modified requirements into the development process in the interest of social equity and
higher levels of use for pedestrian facilities.
This research employs GIS analysis methods to more precisely estimate the
spatial relationship between households of different income levels and high pedestrian
access areas. An analysis of the high pedestrian access locations and an analysis of
household locations by income are the two intermediate steps. To determine the high
pedestrian access areas, the City of Austin land use data, the City of Austin street
centerlines, and the U.S. Census population data are analyzed in several ways. Access to
opportunities, access to a variety of opportunities, residential access, and population are
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measured. The criteria that result from this analysis are mapped, estimated on a parcel
basis, and then parcels are totaled for each grid square across the ½ square-mile grid
overlay of the study area. The same technique is used to determine where households of
different income levels are located. Households are classified as low, moderate, and high
income according to the U.S. Census for the year 2000 and the Texas State Affordable
Housing Corporation (TSAHC) designations for each household income group. Low
income households have an income of 80% or less than the Area Median Family Income
(AMFI), and moderate income households are those earning between 80% and 95% of
the AMFI. High income households earn 95% of the AMFI. (Texas State Affordable
Housing Corporation, 2010).The final step is to count and compare the number of
households of each income bracket that are located in a high pedestrian access area.
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Figure 1: Research Framework
This research framework guides this analysis which explores the following questions:
1. Where in Austin, TX, are opportunities accessible by pedestrians?
2. Where do residential parcels have pedestrian access to opportunities?
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3. Do low income households enjoy higher or lower levels of residential
pedestrian access to opportunities in Austin, TX?
This analysis is designed to account for pedestrian access based on network
distance, and it is designed to identify locations with a high level of pedestrian access
precisely and consistently across the study area. To identify the areas with high
pedestrian access, this analysis employs a ½ square-mile grid system instead of using
census tracts or traffic analysis zones (TAZs). Using tracts or zones of varying sizes can
result in more precise information in the smaller tracts or zones and less precise
information for larger tracts or zones (Handy & Niemeier, 1996). A grid system creates
equal areal units, so parcels and access can be analyzed with the same level of precision
across the study area. Network distance is used to analyze the potential routes and
locations for pedestrian trips and puts the focus of this analysis on pedestrian routes along
roadways. This technique can be used to explore locations to invest in pedestrian
infrastructure on existing roadways where conflicts between pedestrians and vehicles can
occur and where it may be important to add pedestrian infrastructure.
This analysis first reviews the relevant literature that addresses transportation,
accessibility, and social exclusion. Section two reviews data sources and methods for
determining concentration of pedestrian access to opportunities and methods of
examining residential pedestrian level of access to opportunities, identifying high access
areas, and overlaying household income data with the high pedestrian access areas. Then,
patterns in spatial distribution of access to opportunities and residential trip origins are
addressed and combined into a set of criteria to determine high access areas. Finally, the
household income data are compared with high access areas and conclusions are
discussed.
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Literature Review
Individuals who have lower levels of access to a personal vehicle experience
higher levels of social exclusion (Currie & Delbosc, 2009; Hanson & Hanson, 1981;
Knowles, 2006). Social exclusion refers to individuals who have less access to jobs,
goods, and services, which negatively impacts their quality of life. According to Taylor
and Ong, mobility challenges for car-less individuals include higher commute times via
public transportation, and limits as to commute length (1995). Commute length is limited
when using active and public modes of transportation because such modes are often
slower than traveling by a personal vehicle. This means that often in the same amount of
time, one can access more opportunities by personal vehicle than by active or public
transportation modes. Limited access to a personal vehicle has also been correlated with
reduced total trips including trips for shopping and social purposes (Hanson & Hanson,
1981). The Austin Commuter Survey conducted in 2005 showed that low income
households have lower vehicle ownership rates than middle and high income households
(Bhat, Sivakumar, Sen, Guo, & Copperman, 2005). Social exclusion due to lack of access
to a car has been shown to affect low income households at higher rates than other
income groups. Richard Knowles found that, “Social exclusion limits the access of
individuals to transport, and consequently to activity sites. It is closely associated with
low income, age, ill health and disability and affects women for than men” (2006).
In investigating limited access to a personal vehicle as a cause of social exclusion,
researchers have uncovered a complex issue. Currie and Delbosc use the term “forced car
ownership” to describe situations wherein households must own a car to access
employment or amenities, especially in cases where car ownership is a significant
financial burden (2009). The purpose of describing such a situation as “forced car
ownership” is to recognize that lower cost active and public transportation modes do not
adequately service the needs of many households. Currie and Delbosc also found
however that in many cases low income families make a conscious choice to live in a
location that requires a car when the option to live in a location where a car is not
6

required is available (2009). Recent spatial mismatch literature has shown that in the
United States, lower income communities are not located farther from jobs than middle or
upper income households (Taylor & Ong, 1995; DeSalvo & Huq, 1996; Baldwin-Hess,
2005; Blumenberg, 2004). However, low income & minority workers who commute via
public transportation report higher travel times than higher income & white workers who
commute via public transportation, suggesting that higher income workers can make the
choice to use public transportation when time and convenience is competitive with a
commute by personal vehicle. For example, commuting by express line buses and by
commuter rail may offer a commute time and convenience that is competitive with
commuting by personal vehicle. High income workers are more likely to use these forms
of transit, but less likely to use the slower and cumbersome standard city bus lines. Low
income workers more often do not have this choice because they do not own a car and
thus endure longer commutes because they do not have any other option.
This paper is concerned with a spatial distribution of households of various levels
of income, which experience different levels of access opportunities due to constraints of
space and time. According to Knowles, these perceptions of space and time are very
important to the issue of social exclusion of car-less individuals (2006). Traveling by car
allows an individual to cover longer distances in shorter travel times, and by extension a
person traveling by car has access to a much larger number of opportunities than a carless individual. For the car-less individual, potential opportunities depend on walking,
bicycling, public transportation or getting a ride with a friend. According to Currie and
Delbosc, with the exception of getting a ride in a friend's car, non-personal vehicle
options cover smaller distances with relatively higher travel times, and literature shows
that car-less individuals report a higher number of local trips than car owners (2009).
Conversely, Crane and Crepeau found that it is more likely for a person to use a car as the
trip distance increases (1998).
The exact nature of the interaction between land use and transportation, which is a
fundamental consideration in an analysis of pedestrian modal choice, is not clearly
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defined (Handy, 2005). One hindrance to more fully understanding this relationship is
research practices and research limitations. Guers & van Wee found that many studies on
the relationship between land use and transportation remain inconclusive because there
has not been a longitudinal study examining long term effect of changes in the built
environment and transportation patterns (2004). This means that long term effects of
different kinds of development have not been analyzed and compared. So, for planners it
is difficult to recommend one type of development over another, and understand all of the
future implications.

Furthermore, Boarnet & Crane note that while accessibility

measures include temporal, land use, transportation and individual data, the lack of
consistency in accessibility measures prevents commensurability of data from different
studies (2001).

In other words, most accessibility measures explore a certain

phenomenon in a slightly different way so one cannot be compared against another
without regard to various assumptions and included variables. Another factor that
confuses the relationship between land use and transportation is the overwhelming
attention to roads. According to Guiliano, vehicle oriented infrastructure dominates
transportation planning so much that it is difficult to perceive benefits of non-vehicle
oriented infrastructure (1995). Spatially distributing land uses under a vehicle use
paradigm works against initiatives to support non-vehicle modes.
Despite the unknowns, it is well accepted that there are complex causal
relationships between land use and transportation. According to Handy & Guiliano this
relationship can be described as “circular” (2004, p. 172). This means that transportation
infrastructure can lead to new urban development and urban development can lead to new
transportation infrastructure. Although research can provide conflicting or inconsistent
results, they emphasize it is important to consider the interaction between land use and
transportation and put forth efforts moving forward to do better modeling (Badoe &
Miller, 2000; Iacono, Levinson, & El-Geneidy, 2008).
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Analysis Methods
The study area includes Austin, TX, and the surrounding Extra Territorial
Jurisdictional (ETJ) areas. The analysis uses a ½ square-mile grid to cover the study area
as areal units, and analyzes opportunity and residential access characteristics in each grid
square. The purpose of using a grid system overlay instead of Census Tracts or TAZs, is
to more accurately estimate the household and pedestrian access locations.

This

technique, of creating a lattice system, has been found to be an effective way to better
analyze smaller and/or outlying clusters of data points (Handy & Niemeier, 1996; Su,
Lin, Hsieh, Tsai, & Lin, 2010; Wieczorek, Delmerico, Rogerson, & Wong, 2012; Zhang
& Kukudia, 2005). Census Tracts and TAZs in less urbanized and less densely populated
areas tend to be larger than a Census Tract or TAZ located in a central city. In the larger
Census Tracts and TAZs the exact location of a household and residents are unknown. By
assuming households and populations are located within residential land use parcels, a
land use is used to represent household and population locations more accurately. This
analysis estimates the U.S. Census population and income data for each residential land
use to avoid misrepresenting population and income data in peripheral Census Tracts and
TAZs.
Data
Land use data, jurisdictional boundaries, and street centerlines come from and are
maintained by the City of Austin. The opportunities in the study are defined as
commercial

(including

commercial),

office

(including

office,

manufacturing,

warehousing, and equipment services) and public (including meeting and assembly,
government services, educational, hospital, and cultural services). The opportunity land
use parcels as designated on the City of Austin land use map for the year 2000. The
analysis includes 5,183 commercial land uses, 5,008 office land uses, and 1,599 public
land uses. The number of total opportunities is 11,582. Furthermore, urban form is
explored using trip origins, defined as residential land use parcels (including single
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family, multi-family, duplex, quad-plex, and townhome) with a ¼ mile network access to
at least one opportunity, according to the City of Austin land use map for the year 2000.
The analysis includes 89,508 residential land use parcels.
Population and income data come from the U.S. Census for the year 2000.
Population and household income data are proportionally reallocated from census block
level and census tract level respectively, to residential land use parcels on the City of
Austin land use map for the year 2000. Reallocating the data from census tracts to the
study area grid squares is done through a GIS process. The first step is to join the census
tract level data to the land use parcels. For example, the U.S. Census population data are
joined to each residential land use parcel & divided by the total number of residential
parcels in the census tract. The result is that each residential land use parcel has an
attribute attached to it that represents the average population per parcel in its census tract.
The same technique is used to estimate the household income for each residential parcel.
Income brackets are determined according to the Texas State Affordable Housing
Corporation (TSAHC) classifications for low, moderate, or high income households. Low
income households have an income of 80% or less than Area Median Family Income
(AMFI), and moderate income households are those earning between 80% and 95% of
AMFI (Texas State Affordable Housing Corporation, 2010). Median family income for
Austin Census County Division (CCD) according to the U.S. Census 2000 is $52,793. In
this analysis low income households are defined as having income less than $35,000.
Moderate income family households are those with income between $35,000 and
$50,000, and high income households are those with income greater than $50,000. These
are the U.S. Census classifications that are approximately the same as the TSAHC
designation for low and moderate income.
Measuring Areas with Concentrated Pedestrian Access to Opportunities
To explore pedestrian access to opportunities, this analysis uses an accessibility
measure. The transportation element is walking, and the activity element is having access
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to an opportunity. The impedance distance from opportunities is used to delineate an area
of access, or service areas, which shows the space within ¼ mile network distance to an
opportunity. This distance is stated in the American Association of State and Highway
Transportation Officials as the ideal maximum distance for urban pedestrian travel
(AASHTO, 2005). In the example below, the service area is visible around a commercial
address point and represents the locations along the streets nearby that are within a ¼
mile of the commercial address. The area of city streets, including 50 meters to either
side of the street center line, within a ¼ mile network distance of an opportunity comprise
a ¼ mile service area for the particular commercial opportunity.
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Figure 2: Service Area, Example
Pedestrian access to opportunities is further explored to find out where areas with
a ¼ mile network access to multiple opportunities are clustered. This is calculated by
totaling the parts of all service areas that overlap within each grid square. The following
example shows how service areas can overlap, covering a single grid square several times
over. Where multiple service areas overlap, this indicates access to multiple opportunities
in the location where the overlap occurs. And, the geometric area of each service area
indicates more access if the area is larger or less access if the area is smaller. Overlapping
service areas are summed for each ½ square-mile grid square.
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Figure 3: Overlapping Service Areas, Example
Measuring Residential Pedestrian Access to Opportunities
A residential pedestrian level of access to opportunities is examined by
determining which residential land use parcels have access to a ¼ mile opportunity
service area. Residential parcels located within 40 yards of a ¼ mile service area are
referred to as quarter mile access parcels. If a residential parcel is a quarter mile access
parcel, it has a pedestrian level of access to at least one opportunity. Population data from
the U.S. Census are included by estimating the total population for each residential land
use parcel. Population is estimated because the exact household population occupying
each residential parcel is unknown. A data attribute is calculated for each residential
parcel that represents the average population per residential parcel in each census block
group. The estimated population per residential parcel is totaled for each ½ square-mile
grid square.
13

Micro-scale features in the environment are not considered in this report.
Common micro-scale, or fine, features include shade, sidewalk condition, road width and
traffic speed (Bhat, Handy, Kockelman, Mahmassani, Chen, & Weston, 2000). While
such features are important to a person's decision to walk, the purpose of this analysis is
to determine places where pedestrian access exists based on relative network distances of
origins and opportunities. And, as part of investigating social exclusion, this analysis is
concerned with individuals who are walking out of necessity and whose decision to walk
may be less informed by micro-scale features.
Identifying High Pedestrian Access Areas
The high pedestrian access areas in this study meet thresholds that indicate
pedestrian level access to multiple opportunities that is relatively high within the study
area. Indicators include the total number of quarter mile access parcels, the total
population, the total service area coverage, including a mix of opportunity types. All
indicators are tabulated for each ½ square-mile grid square. These indicators ensure there
is a trip origin, a trip destination, a network connection providing access, and the existing
population to make the pedestrian trips.
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Opportunity
Indicators

Origin
Indicators

Factor

Criteria

Total Quarter Mile
Access Residential
Parcels

>= 24

Total Population

>=400

Total Quarter Mile
Service Area

>= .56

Opportunity Type Mix

=3

Interpretation
24 or more quarter mile
access parcels per grid
square
A population greater than
or equal to 400 per grid
square
More than .56 square
miles of pedestrian service
area per grid square
Grid square features at
least one opportunity of
each study opportunity
type*

*Opportunity Types: 1) commercial (including commercial), 2) office (including office, manufacturing, warehousing, and equipment
services), and 3) public (including meeting and assembly, government services, educational, hospital, and cultural services).

Table 1: High Residential Pedestrian Access Indicators
To determine where higher or lower levels of pedestrian access exist based on
proximity to multiple opportunities, the analysis accounts for a proportional increase in
the level of access with an increase in number of pedestrian accessible opportunities. In
many places, multiple service areas overlap, and overlapping services areas indicate
access to multiple opportunities. For example, in Austin’s downtown area extending
north-west of the capital complex, and east between Caesar Chavez and Seventh Street.
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Results
HIGH LEVELS OF RESIDENTIAL PEDESTRIAN ACCESS
High pedestrian access indicators have a similar spatial distribution, and vary
slightly within a general pattern. The general distribution of all high pedestrian access
indicators reaches south-west just beyond the intersection of Hwy 71 and Hwy 290.
Directly to the south, the indicators extend to Slaughter Lane between Mo-pac and SH
45. To the east they are bounded by Hwy 183. Moving north, indicators are located
between IH 35 and Mo-pac. Finally, indicators are clustered in the north-west direction
following Hwy 183. In the Austin study area, indictors are very low immediately to the
west to avoiding environmental barriers such as hilly topography and the Colorado River.
This spatial distribution can be described as a thick crescent.
This analysis includes many more residential parcels than opportunity parcels,
and the residential parcels are distributed across a larger area than the opportunity
parcels. The residential trip origin maps, ‘Quarter Mile Access Residential’ and
‘Estimated Total Population,’ cover a larger area than the opportunity maps, ‘Quarter
Mile Service Area Density’ and ‘Mix of Opportunity Types.’ Of the ‘Pedestrian Access
Indicators’ maps, the opportunity maps and residential trip origin maps all follow the
thick crescent shaped spatial distribution. However, the opportunity maps also show that
opportunities are located in the center of the study area and quickly decrease in number
moving outward. Within the general spatial distribution of high indicators, opportunity
indicators are more confined to central areas, and branch out in a pattern that more
closely follows major highways and routes extending outward from the center of the
study area. Opportunity service areas are highly dense in the very center of the study
area, extending east and west along the north bank of the Colorado River between MoPac and Hwy 183.
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Figure 4: Pedestrian Access Indicators
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For all opportunity types taken together, as shown in the map ‘High Pedestrian
Access Areas,’ the highest levels of pedestrian access follow the spatial distribution of
the thick crescent shape. The high pedestrian access areas meet the previously described
criteria for residential pedestrian access, opportunity service areas, and opportunity mix.
High pedestrian access areas are located within the area bounded by Hwy 183 to the
north and east, Hwy 290 W to the south, and Mo-pac to the west. High pedestrian access
areas are not distributed evenly within this area. East Austin has very good coverage of
high pedestrian access areas to the north of the Colorado River, to the south and west of
Airport Blvd, and to the east IH 35. In the central study area, north of the Colorado River
and south of Hwy 183, there is good coverage between Mo-pac and IH 35; however,
there are holes in the coverage. In particular, the area just to the north of the Colorado
River does not have a high level of pedestrian access. Nor do the areas housing the
Capital of Texas buildings and the University of Texas at Austin which extend north of
the Colorado River along the west side of IH 35. These areas are not high pedestrian
access areas because they lack residential access indicators, although opportunity
indicators are relatively higher. In the central study area to the south of the Colorado
River, there are high pedestrian access areas west of IH 35, north if Hwy 290 W, and east
of S Lamar Blvd. Moving farther south, high pedestrian access areas continue along the S
Congress Ave corridor and stop at William Cannon Dr.
Beyond the central study area there are several high pedestrian access areas, and
most of them are located near major highways. For example, there is a high pedestrian
access area to the south at the intersection of Slaughter Lane and IH 35. There is a high
pedestrian access area to the south-west near the Oak Hill neighborhood at the
intersection if Hwy 71 and Hwy 290 W. There are two high pedestrian access areas along
Bee Caves Rd, west of Mo-pac and east of N Capital of Texas Hwy. And, to the east on
Hwy 71 there is a high pedestrian access area near Austin Bergstrom International
Airport. Moving just north-west of the central study area, there are several high
pedestrian access areas to the west of Mo-pac near the Far West Blvd and also following
18

Spicewood Springs Rd and another at the intersection of Ranch Road 2222 and Mo-pac.
Further to the north, high pedestrian access areas are located in several places. These
include one to the east of Hwy 183 just south of where Hwy 183 intersects with Duval
Rd; two high access areas at the intersection of Braker Ln and N Lamar Blvd; north of W
Parmer Ln on Metric Blvd; two high pedestrian access areas on Wells Branch Pkwy
between IH 35 and Mo-pac; and one at the intersection of W Parmer Ln and Amherst Dr.
Finally, to the north-west, high pedestrian access areas following Hwy 183. There is one
just south of the intersection of Hwy 183 and Anderson Mill Rd, and two high pedestrian
access areas near the intersection of Hwy 183 and Lake Creek Pkwy. Lastly, on the edge
of the study area at the intersection of FM 620 and Anderson Mill Rd there are three high
pedestrian access areas.
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Figure 5: High Pedestrian Access Areas
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Measuring High Access to Opportunities by Household Income
After identifying areas where there is high pedestrian access to opportunities from
residential locations, household income data are applied to the analysis. Low, moderate,
and high income data from the U.S. Census for the year 2000 are joined to residential
parcels and the number of households within each income bracket is estimated for each
study area ½ square-mile areal unit. Low income households, defined as having a
household income of less than $35,000 have a spatial distribution that follows the think
crescent shape of the residential access indicators. The ½ square-mile grid squares that
are in the top quantiles for the number of low income households they contain, are nearly
all within the central study area east of Mo-pac, south of W Parmer Ln, south and west of
Hwy 183. Also, there are also a high concentration of low income households to the
south-east of the intersection of SH 71 and IH 35, south of Slaughter Ln.
Moderate income households also follow the thick crescent pattern, and are those
with income between $35,000 and $50,000. The ½ square-mile grid squares that are in
the highest quantiles for containing moderate income households are located sparsely
within the central study area. Rather, the highest quantiles for moderate family
households are located south of Hwy 290 W, east of Mo-pac, and extend east of IH 35
along Slaughter Ln. Moderate income households are also clustered to the north in the
vicinity of Burnet Rd and N Lamar Blvd, south of Hwy 183. And north of Hwy 183
moderate income households are located between Metric Blvd and N Lamar Blvd. The
area to the north-west along the Hwy 183 is another location with many moderate income
households.
High income households have an income greater than $50,000 and most notably
have a spatial distribution that does not follow the thick crescent. Whereas high
residential access indicators, low income households, and moderate income households
are not located directly west of central Austin, high income households are located to the
north, south, and west. Continuing the trend of moving farther from the central study area
as income increases, high income households are located farther south still than moderate
21

income households. In the southern part of the study area, high income households are
located south of William Cannon Dr and north of Hwy 45. In the north, the ½ squaremile grid squares in the top quantile for containing high income households are farther
from the center of the study area than the top quantiles for moderate and low income
households. In the northern part of the study area, high income households are located
north of W Parmer Ln between Mo-pac and IH 35. Top quantiles also extend along the
north and side sides of Hwy 183. Although there is a noticeable difference in the number
of high income households located to the west of central Austin as compared to moderate
and low income households, there are relatively few compared to the rest of the study
area. There are only three ½ square-mile grid squares that are in the top quantile for
containing high income households between Mo-pac and Capital of Texas Hwy. This is
compared to 15 such grid squares north-west in the vicinity of Hwy 183. Overall, there
are relatively fewer households of all income levels in the part of the study area to the
west of Mo-pac. However, there are more high income households than moderate and
low income households in this area. Many ½ square-mile grid squares in this western part
of the study are in the bottom three quantiles for containing high income households.
This is compared to the moderate and low income household quantiles for the same ½
square-mile grid squares which are sparser and of the bottom 2.
In summary the spatial distribution of household income in the Austin study area
for the year 2000 is that as household income increases, households tend to move farther
from the central study area to the north, west and south. And, aside from this tendency,
low, moderate and high income households are mixed in various places. In places most
densely populated with households from one income bracket or another, there tends to be
less of a mix of the households in different income brackets.
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Figure 6: A Spatial Distribution of Household Income by Quantile, 2000
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ACCESS BY INCOME GROUP
In Austin, low income households are more spatially associated with high
residential pedestrian access areas than moderate and high income households. Of
estimated low income households, 31% are located in high access areas and 68% are
located in low access areas. Of 28,577.5 total estimated moderate income households,
20.8% (5,957.9) are in high access areas and 79.1% are located in low access areas and of
high income households 12.7% are located in high access areas and 87.8% are located in
low access areas.
As seen on the map ‘A Spatial Distribution of Household Income by Quantile,
2000,’ high income households tend not to be located in the central study area and east
part of the central study area in particular. The map ‘High Pedestrian Access Indicators’
shows that the central and east central parts of the study area are where high pedestrian
access areas tend to be located. Also, these two maps show that high pedestrian access
areas and ½ square-mile grid squares in the high quantiles for containing low income
households have a similar spatial distribution.
Total Households

High Pedestrian

% of Total (within

Access Households

Income Bracket)

Low Income

57,839.3

18,088.7

31.3%

Moderate Income

28,577.5

5,957.9

20.8%

High Income

100,647.1

12,824.2

12.7%

Table 2: High Pedestrian Access Spatial Association with Household Income
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The chart, “Percent of Households with High Pedestrian Residential Access by
Income” further illustrates the relationship between household income and high
pedestrian access areas in Austin, TX. There is an inverse relationship between
household income level and high pedestrian access areas. As household income
increases, fewer households are located in high pedestrian access areas. This correlation
is best represented by an exponential line of best fit, which results in an R2 value of
0.9969. This indicates a very strong correlation between household income and high
pedestrian access areas in Austin, TX.

Percent of Households with High Pedestrian
Residential Access by Income
35%
30%

31.3%

25%

20.8%

20%
15%

R² = 0.9969

10%

12.7%

5%
0%

Less than
$35,000

Between
$35,000 and
$50,000
Income

Greater than
$50,000

Percent of
Households with
High Pedestrian
Residential Access
Expon. (Percent of
Households with
High Pedestrian
Residential Access)

Figure 7: Percent of Households with High Pedestrian Residential Access by Income
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Conclusions
Low income households tend to own fewer personal vehicles per household than
moderate and high income households in Austin, TX. Also, low income households may
be at risk of experiencing social exclusion due to having more limited mobility options.
This analysis shows that low income households are more spatially associated with high
pedestrian access areas. And, this spatial association supports the idea that households
which tend to own fewer vehicles may intentionally live in areas with pedestrian
accessibility in order to experience increased access to goods and services.
In Austin, TX, pedestrian access to opportunities exists in the urban core, and
especially in the vicinity of Caesar Chavez and 6th Street from Mo-pac to Airport Blvd.
Access also exists running north south from Caesar Chavez to Airport Blvd, near Lamar
Blvd and Guadalupe. These areas have the highest level of pedestrian access to a variety
of opportunities relative to of other parts of Austin. More generally, a higher than average
level of access exists within the area bounded by Ben White to the south, Mo-pac to the
west, 183 to the north and Airport Blvd to the east. In the year 2000 in Austin, TX, there
were nearly zero residential parcels with a pedestrian level of access in the downtown
areas which have the highest levels of pedestrian access in the study area.
Residential parcels with pedestrian levels of access follow a similar thick crescent
pattern as highly pedestrian accessible areas, which is expected based on the analysis
methods. Residential parcels with pedestrian levels of access are not as concentrated as
opportunities and areas with pedestrian access to opportunities. This indicates that
opportunities may tend to be more concentrated in certain locations and residential areas
are more dispersed. Residential land uses with pedestrian levels of access extend south to
the Slaughter Lane area, running east-west from Mo-pac to east of IH 35; north beyond
183; west just beyond and following the Mo-pac corridor; and east in the vicinity of
Airport Blvd. Through visually surveying the maps produced in this analysis, it is evident
there are various locations with a spatial mismatch between high pedestrian access areas
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and residential parcels with pedestrian levels of access however this mismatch was not
quantified as part of this report.
This analysis does not consider the quality of the opportunities or the quality of
pedestrian infrastructure such as sidewalks, crossings, shade, etc. Therefore, this analysis
does not speak to the extent to which pedestrian access provides relief against social
exclusion, but this does not mean that social exclusion does not exist. The fact that lower
income households are more often located in the areas with high pedestrian access may
be symptomatic of social exclusion resulting from limited access to a vehicle. However,
the exact mitigating effects of pedestrian access on social exclusion are not explored in
this analysis. To determine how a high level of pedestrian access does or does not
mitigate social exclusion would require further analysis of the opportunities and
pedestrian infrastructure. The goal of this analysis is to highlight the places where a
greater potential for pedestrian activity exists, and determine if households of different
income levels are more or less likely to be located in these areas.
An additional finding of this analysis is that in Austin, TX, households overall are
more spatially associated with the limited pedestrian access areas. Of all the low income
households, 31.3% are located in the high pedestrian access areas, which means that
68.7% of low income households are located within the limited pedestrian access areas.
So, even though more low income households are located within high pedestrian access
areas than high income households, the majority of all households are located in limited
pedestrian access areas.
Using a grid of congruent shapes is a good means of addressing MAUP. In this
analysis, using census boundaries which are often delineated along major roads was less
desirable because land use patterns are influenced by the city road network. In a census
tract, opportunity land uses are often located around the periphery of the tract and
residential land uses are located in the center. Thus, being unable to know and understand
further how land uses are distribution within the census tract, using census tracts as an
analysis area can result in misleading findings about land use distribution. Using a ½
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square-mile grid system is a reasonable unit for the study area which eliminates problems
originating from variation in size of census tracts, and from patterns of opportunity and
origin land use locations within census tracts or blocks. Using a grid of equal sized units
successfully approximated population, origin, and opportunity locations more precisely
than using census tracts or blocks.
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Limitations
This analysis is intended to produce information about the distribution of the
opportunities in Austin, TX, and to determine if households of different income levels are
more of less spatially associated with high pedestrian accessibility. In particular, this
report is interested in information about where an individual can walk for daily trips if
necessary. For this reason, barriers, such as uncrossable major roads or hilly terrain, are
not considered.
Using a political zoning map may result in misleading representation of some
opportunities. Opportunity characteristics such as size, employment, and other
measurements of desirability and attractiveness are not considered. This analysis is
designed as a guide for long term planning applications to identify areas that may benefit
most from sidewalks in a socially equitable way. As there is no agreement on the best
way to measure accessibility, information produced by this analysis should be interpreted
while keeping in mind the methods and data used.
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Speculation & Further Applications
The exact relationship between pedestrian access and social exclusion is
unknown. It is known that low income households tend to own fewer vehicles than
moderate and high income households in Austin, TX. And, it is known that vehicle
ownership can decrease social exclusion. A question raised by the outcome of this
analysis is whether or not a higher pedestrian level of service and access to opportunities
compensates for social exclusion that arises from limited access to a personal vehicle. It
is likely that locating ones household in a more pedestrian accessible area does increase
access to goods and services, but not to the same extent as car ownership. Therefore, it
may be likely that low income households compensate for lower access to vehicles by
moving to higher pedestrian access areas and still experience social exclusion.
The results of this analysis may be pertinent to social justice issues and policy
making. If lower income households are shown to rely more on pedestrian infrastructure,
it may be important to allocate more surface transportation funding to high pedestrian
access areas in such a way that all people can benefit from the funding invested in
transportation infrastructure. Areas with better connectivity are more desirable in the
market and can have higher development costs. (Chang & Zhang, 2006) This market
trend may cause social exclusion, and prevents low income families from enjoying an
equitable level of access to basic items such as fresh foods, and family health and
household products.
It is also important to reflect on the definition of affordable and how
transportation costs factor into household budgets. Many low income and affordable
housing advocacy organizations account for transportation costs in the total cost of
housing, and this analysis is an example of why transportation costs are a critical
consideration. For many individuals walkability is not a luxury, rather it is a necessity.
Those who have no choice but to walk as a primary transportation mode may have
different perspectives on walkability than those who walk for leisure.
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An unintended finding of this analysis is the dominance of vehicle dependent
households in Austin, TX. Finding a way for people who live beyond areas of pedestrian
access to support and use public transportation, bicycles, and other non-vehicle modes
may be a critical challenge in the future, especially for low income households. If nonpersonal vehicle transportation modes are to compete with personal vehicle use in Austin,
TX, non-personal vehicle transportation modes will need to appeal to individuals that live
in vehicle dependent locations.
This analysis could be expanded to include access to bus and transit stops in order
to further explore transportation and mobility for households if different income levels in
Austin, TX. Also, trips between opportunities are not incorporated into this analysis.
Including trips between opportunities, such as the types of trips made over a lunch break
or as stops on the way to or from work would be useful for analyzing activity centers in
the Austin area.
To explore different kinds of pedestrian access, connectivity and development,
micro-scale features could be examined for areas with high income walkability, moderate
income walkability, and low income walkability. Knowledge of any similarities or
differences in these areas could provide insight into the most important pedestrian
patterns and infrastructure needs.
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