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Abstract 

 

Walkability Assessment in a Transit-Oriented Development Setting:  

A Pilot Study Using a Geographic Information System 

 

 

 

 

Myung Kyung Chung, MSCRP 

The University of Texas at Austin, 2011 

 

Supervisor:  Ming-Chun Lee 

 

Many studies and land use planning attempts have done to influence people’s 

travel choices these days. Rather than sprawl development with automobile-dependent, 

single-use zoning, and cul-de-sacs, scholars and city planners now prefer and recommend 

more walkable, mixed-use development, and compact development. Along with neo-

traditional development and pedestrian pockets, one trend of recent urban planning, 

Transit-Oriented Development (TOD), has attracted people’s attention. Given the new 

development of transportation methods, the present study explores how new transit 

stations will change people’s mobility and activity patterns. The main contribution of this 

project is to create an index of walkability attributions in a TOD setting based on 

previous research and to suggest assessment measures of walkability using a Geographic 

Information System (GIS).  
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Introduction 

OVERVIEW 

According to the 2009 National Household Travel Survey (NHTS) conducted for 

13 months from April 2008 through April 2009, 88.35 % of total daily trips and 94% of 

commuting trips in U.S. were taken in personal vehicles People have opted to live in 

suburbs and commute to cities by cars. For decades, these kinds of trends have been 

considered as a personal choice bestowed by the nation’s or individuals’ economic 

abundance. Due to these societal changes, only a few transportation options have been 

left for the people’s mobility in the U.S. In recent years, planners have suggested 

alternative methods of mobility to solve the problems caused by automobile dependency - 

to name a few, air pollution, road congestions, and increasing obesity. 

Recently, local governments and city planners have been paying more attention to 

the non-mobile modes of transportation and the relationship between urban form and 

people’s travel patterns (Krizek, 2003; Zhang, 2007). Planners are pointing out that 

spread-out development trends—curvilinear street patterns and cul-de-sacs, huge express 

roads passing through the city, lack of public transportation systems, and inferior 

walking/biking environments with a shortage of sidewalks/bike roads—have fostered 

people’s dependency on automobiles and discouraged non-automobile modes (Cervero 

and Gorham, 1995; Frank, 2000; Holtzclaw, 1994). With increasing attention focused on 

these new alternative ways of mobility, the concept of transit-oriented development 

(TOD) that seeks to create walkable, sustainable, and livable communities has emerged 

as an effective planning tool for solving the problems caused by heavy auto-dependency. 

Along with neo-traditional development, new urbanism, and smart growth, TOD 

is to encourage people to use non-automobile transportation modes, such as walking, 
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bicycling, and public transportation (Cervero and Kockelman, 1997). The physical design 

concept of a TOD plan is to build compact, pedestrian-friendly communities centered 

around high quality transit systems (TCRP report, 2004). Better walkability, good 

connectivity in the transit system (between multi-modal forms of transportation), 

diversity in population composition, and well-designed open spaces are those 

improvements that TOD planning seeks to offer. 
 

CURRENT APPROACHES AND LIMITATIONS 

When planners promote the concept of TOD, increased walkability around transit 

station areas is one of the expected benefits from implementing such development. How 

then can we confirm the statement that TOD has an advantage in improving walkability? 

To answer this question, it is necessary to review the current research approaches related 

to the issues of walkability and TOD planning.  

Current research approaches in walkability study can be divided into three main 

groups: 1) the relationship between urban form and walkability (i.e., Cerin et al., 1996; 

Ewing, 1996; Ewing et al., 2006; Ewing and Handy, 2009; Frank, 2000; Frank and Pivo, 

1994; Giles-Corti and Donovan, 2002b, 2003; Handy et al. 2002; Holtzclaw, 1994; Leslie 

et al., 2007), 2) walking as one non-motorized modes in modal choice studies (i.e., 

Cervero, 1996; Cervero and Kockelman, 1997; Cervero and Gorham, 1995; Kim et al., 

2007; Kitamura et al., 1997; Krizek, 2003); and 3) walking as a physical exercise to 

certain socio-economic groups or age groups (Leslie et al., 2007; Sallis et al., 1998). 

There are several limitations to current approaches in walkability study: 1) there is 

no refined approach to walkability itself which includes mixed purposes and meanings in 

reality (Frank and Pivo, 1994); 2) there is no quantified walkability index (Saelens et al., 
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2003); 3) there are no studies of walkability in TOD as a specific urban form where 

assorted activities are happening; and 4) few walkability studies covering TOD areas that 

deal with computer software, and specifically, with a Geographic Info System (GIS). 

These limitations will be discussed again on Literature Review section later. 

 

PROPOSED APPROACHES AND CHALLENGES 

Previous walkability studies have not considered unusual characteristics of land 

use, TOD. While some studies only define a land parcel with a single function, such as 

residential neighborhoods, commercial zones, downtown areas, or shopping centers, 

TOD has multiple functions and promotes mixed use, which means multiple/assorted 

functions in one place. In this specific setting, the measures of walkability should be 

approached in higher entropy than those for other single land use cases. When walkability 

in TOD is assessed, a more complicated model is needed. Also more refined (detailed) 

variables in this exclusive urban form setting need to be considered. At the same time, to 

make the assessment easily used by city planners or other researchers, simple but precise 

steps of assessment with robust walkability attributes that are measurable and executable 

using GIS are needed. Therefore, the challenges to be overcome in this project are as 

follow: 1) making a verified walkability index; 2) the availability of spatial data; and 3) 

well-established steps for applying GIS tools. 
 

RESEARCH QUESTIONS AND CONTRIBUTION 

The main purpose of the project is to develop measurement methods that can be 

used by planners and researchers to apply the walkability index and GIS steps to assess 

walkability in existing TOD areas or to predict the walkability of future TOD sites. By 
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building a reliable index and assessment process using GIS, the present study seeks to 

contribute to a better understanding of how to design a TOD that is pedestrian friendly, 

and thus will affect people’s travel behavior. 

 

The key objectives of this study are as follows: 

• to review the literature addressing variables of walkability; 

• to verify walkability attributes to examine different frameworks for evaluating 

success in walkability assessment; and 

• to build a model which is applicable to actual TOD sites using GIS 

 

This study will seek to answer the following questions: 

• TOD and walkability 

o How should a TOD zone be defined and categorized?  

o Which characteristics of TOD should be considered and addressed? 

o What are the purposes of walkability in a TOD zone? 

o Urban Form vs. Socio-demographics: Which elements influence people’s 

modal choice, especially as regards walkability? 

• Walkability Measurement using GIS 

o What degree of context area study geography in a walkability study should 

be considered? (TAZ? Census Block data? Grids? Combined?) 

o What are the confirmed variables and which elements should be 

considered in the assessment? 

o How should one run those elements and how should they be weighted in 

GIS? 
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ORGANIZATION OF THE STUDY 

The organization of this study is as follows. Chapter 2 addresses the definition 

and function of a TOD zone, describes the zones and the variables chosen from previous 

research to assess attributes in this study, and briefly discusses the modeling approach 

reviews the literature to provide further background and understanding for this study. 

Chapter 3 reviews the literature to provide further background and understanding for this 

study. Chapter 4 presents a model of walkability assessment using GIS with the variables 

from Chapter 3. Chapter 5 tests the assessment and applies those variables to an existing 

TOD site(s) in the U.S. The final chapter recapitulates the study’s key findings and 

discusses the policy implications of the results. 
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Background 

DEFINITION OF TOD 

To date, great attention has been paid to Transit-Oriented Development (TOD) in 

the United States. Travelers’ auto-dependency has been regarded as a result of sprawling 

development in the U.S., and TOD has been suggested as a land development alternative 

to encourage people to walk and bike more, rather than relying on drive-alone auto use. It 

is not easy to define TOD in a sentence, but it can be summarized as “compact, mixed-

use development near transit facilities and high-quality walking environments” (Transit 

Cooperative Research Program Report 102, 2004: 11). Among the key words of the 

TCRP’s definition above, “walking environments” must be the key elements of the 

development for it to be considered a TOD. Walkability should be approached 

differently, however, based on the type of TOD.  
 

TOD TYPES 

Peter Calthorpe (1993), who is credited with the detailed planning and design of a 

new direction in TOD and who created TOD templates and design guidelines for varied 

types of TOD, says that the approach to TOD should be determined on a case-by-case 

basis. According to Calthorpe’s definition of TOD, each TOD has different character and 

structure depending on its context—regional context, market demands, and existing land 

uses. In his 1993 book, Calthorpe delineates two main types of TOD: urban TOD and 

neighborhood TOD. Urban TOD is a type of TOD developed on the main stem of the 

transit network among light rail, heavy rail, or express bus stops. This type of TOD goes 

with highly dense commercial areas, highly dense job clusters, and moderate-high 

residential densities (Calthorpe, 1993: 57). The second type of TOD is Neighborhood 
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TOD, which serves local needs for various housing types, public facilities, parks, and for 

satisfying existing characteristics of neighborhoods under convenient pedestrian 

environments. According to Calthorpe, the big difference between neighborhood TOD 

and urban TOD is that neighborhood TODs are designed to be located near bus line, 

approximately 10 minutes apart from a trunk line transit stop, rather than laid directly on 

the trunk line transit network as urban TOD is.  

TOD types can be categorized by residential density as well. Based on eleven 

TOD cases in the U.S., Ewing suggested residential density in TOD areas as follows: 7 

units per acre for basic bus services, 15 units per acre for premium bus service, and 20 to 

30 units per acre for rail services (Ewing, 1997; TCRP 102, 2004). This density 

suggestion, however, is not widely accepted, and based on the TOD type, residential 

location within a TOD district, and development agencies (cities), TOD zoning codes in 

each case suggest varied residential densities (see Table 1 and Table 2). 
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Table 1: Recommended Residential Density Thresholds for TODs 

City/Source TOD Type Minimum Residential Densities 
(du/ac) 

San Diego TOD Guidelines 

Urban TOD (light-rail served) 25 (18) 

Neighborhood TOD (bus served) 18 (12) 

Washington County, Oregon 
(Land Use and Transportation Air 
Quality Study) 

Urban TOD (light-rail served) 15 (7) 

Neighborhood TOD (bus served) 8 (7) 

Portland Tri Met, TOD Guidelines 

Light-Rail Served TOD 
30: 0–1/8 mi 
24: 1/8–1/4 mi 
12: 1/4–1/2 mi 

Bus Served TOD 24: 0–1/8 mi 
12: 1/8–1/4 mi 

 
Source: Community Design + Architecture, Model Transit-Oriented District Overlay Zoning Ordinance (Oakland: 2001) 
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Table 2: TOD Type categorized by City of Austin, TX 

TOD Type Definition Density (du/ac: dwelling units per 
acre) 

Typical 
Building 
Height 

Land Uses 

Neighborhood 
center TOD 

Located at the 
commercial center of a 
neighborhood.  

Lowest density of all classifications  
(15-25 du/ac) 1 to 6 stories 

Small lot SF, SF with an 
accessory unit, townhomes, low-
rise condominiums, apartments, 
neighborhood retail and office, 
and mixed use buildings 

Town center 
TOD 

Located at a major 
commercial, 
employment or civic 
center. 

Moderate densities relative to other 
classifications  (25-50 du/ac) 2 to 8 stories 

Townhomes, low- and mid-rise 
condominiums, apartments, retail 
and office, and mixed use 
buildings 

Regional 
center TOD 

Located at the juncture 
of regional transportation 
lines or at a major 
commuter or 
employment center. 

Greater densities relative to other 
classifications but less than in a 
downtown TOD (> 50 du/ac) 

3 to 10 stories 
Mid-rise condominiums, 
apartments, major retail and 
office, and mixed use buildings  

Downtown 
TOD 

Located in a highly 
urbanized area 

Highest density of all classifications 
(> 70 du/ac) 

6 stories or 
more 

Mid- and high-rise 
condominiums, apartments, large 
retail and office, and mixed use 
buildings 

Source: City of Austin, Transit-Oriented Development (TOD) home (http://www.ci.austin.tx.us/planning/tod/districts_profiles.htm)
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The city of Austin introduces four types of TOD and differentiates density 

suggestions by TOD type. A neighborhood center TOD, which is located at the 

commercial center of a neighborhood, is recommended to have the lowest density (15 to 

25 dwelling unit per acre) and suggested uses include single family, low-rise multi-family 

houses, and mixed-use of local retail shops. A town center TOD, built at a major 

commercial, employment or civic center, has a moderate density (25 – 50 du/ac), and 

recommended uses are 2 to 8 stories of townhomes, low- and mid-rise condominiums, 

apartments, retail and office, and mixed use buildings. The suggested density of a 

regional center TOD, built near the trunk of regional transportation lines or at a major 

commuter or employment center, is over 50 du/ac, which is relatively denser than the 

previous two TOD types. Recommended uses in the area are 3 to 10 stories of mid-rise 

condominiums, apartments, major retail and office, and mixed use buildings. The highest 

density among the four TOD types (> 70 du/ac) is a downtown TOD, which is located in 

a highly urbanized area. Suggested uses are mid- and high-rise condominiums, 

apartments, large retail and office, and mixed-use buildings.  

 

STRUCTURE OF TOD DISTRICTS 

Even in a single TOD district, the sub-areas can be divided into multi-areas by 

function. Calthorpe (1993) introduces four big areas within a TOD district: Core 

Commercial Areas; Residential Areas; Public Uses; and Secondary Areas. Core 

Commercial Areas are located at the center of the district and adjacent to the main transit 

stop. This area provides retail shops, local offices, major supermarkets, restaurants, 

entertainment uses, job clustering offices, and some light industrial uses. Usually, 

Residential Areas are designed to be located at the marginal areas of each TOD district, 
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but within walkable distance (approximately 10 minutes walking distance) from Core 

Commercial Areas and main transit stops. Based on the housing types, residential density 

requirements vary from single-family zone to highly dense apartment (multi-family) 

zone. Public Uses are another key use of TOD district, serving not only for residents, but 

also for adjacent neighborhoods, workers, visitors/passing users of the district. Plazas 

near the transit stops, pocket parks, and even streets are classified as Public Uses. 

Secondary Areas are within one mile from the core area. The area covers the main street 

network linked to transit stops, including auto lanes and bike lanes. The main uses in the 

area would be lower density single family residents, schools, low density offices, and 

park-and-ride spaces.  

The City of Austin provides other distinct zones in a TOD district established by 

intensity and/or scale of development (Austin’s TOD Guidebook, 2006): Gateway zones, 

Midway zones, and Transition zones. A Gateway zone is an area nesting the transit 

stop(s)/station(s) and the city specifies the distance as 300 to 500 feet from the station 

platform. This zone with the highest density and building height in the district should 

provide good links/nodes between the platform and surrounding facilities, and good 

pedestrian environments as well. A Midway zone, which is in between a Gateway zone 

and a Transition zone, should be mainly filled with residential uses and include a variety 

of building types (some retail shops and office uses). The final type of zone, a Transition 

zone, located at peripheral areas in the TOD district, is comparable to Calthorpe’s 

concept of Secondary Areas. The predominant use in this area would be residential uses, 

but includes some retail and office uses as well. Its density would be the lowest with the 

lowest building height in a TOD district. 
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TOD AND WALKABILITY 

As described above, TOD is a unique and heterogeneous place having multiple 

functions within a single district (Kim et al., 2007), such as a residential area, which is 

the origin of travel for the residents; a work place, which is the destination for business 

purposes; a shopping area, which is another destination for visitors; transit places which 

connect among other transportation points; and public uses for physical activities of other 

non-utilitarian visitors.  

In light of the multiple functions of the area, one can say that the functions and 

roles of the area vary by time and by distance from core areas, mainly transit stations. 

Thus, when studying walkability in a TOD setting, the travel types and distances should 

be considered in different ways by their functions and by the location from or to which 

people walk in these specific areas within the TOD districts (O’Sullivan and Morrall, 

1996).  

Table 3: Current LRT Walking Distance Guidelines in American Cities 

U.S. City Suggested walking distance Distance between 
spots Note 

Baltimore Max distance of 305 m (0.1895 
mile) 

From car to loading 
zone 

Based on AASHTO 
guidelines 

Philadelphia 

- 402 m (0.25 mile) or within 
app. 5-min (well served) 

- 805 m (0.5 mile) or within app. 
10-min (served) 

Service coverage 
standards for its transit 
system network 

 

Denver 536 m (0.33 mile) 
 & 80 m (0.05 mile) /min 

For both its bus and 
LRT networks 

Patronage forecast 
modeling 

Buffalo 457 m (0.284 mile) Bus/LRT networks Guideline for Metro 
Rail System 

San Diego 536 m (0.33 mile) as the maximum 
walking distance To LRT stations Forecase-modeling 

access coding 
Newark Within 805 m (0.5 mile) To/from LRT stations Walkable zones 

Sacramento 
Development within 457 m of 
transit corridors or within 610 m of 
LRT stations 

Direct pedestrian 
access to the transit 
system 

Transit Master Plan of 
The Sacramento 
Regional Transit District 

Source: O’Sullivan and Morrall (1996), Walking Distances to and from Light-Rail Transit Stations, 
Transportation Research Record 1538 
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O’Sullivan and Morrall, transportation researchers in Canada, investigated a wide 

variety of walking distance guidelines used in U.S. cities (Table 3-3). Although the 

suggested walking distances in these guidelines vary by pedestrian environments from/to 

various transit stops and by pedestrian models used by each agency uses, distances 

between 0.25 miles and 0.5 miles are widely accepted in the U.S. 

In a TOD setting, planners should consider the continuity of nodes in the street 

network among other modes and transfers among different transportation modes as well; 

that is, a TOD should be designed not for single use, such as walking only or car only. In 

a TOD, connectivity among different modes is a key issue; a well-built pedestrian 

environment in a TOD is not merely for walking, but for smooth transition between other 

modes, such as between public transit and auto use or between bike and public transit. 

Thus, a convenient connection among facilities for multiple modes (e.g., between a 

parking space and a transit stop) is an important consideration in a TOD setting.  

As already mentioned, very few studies have focused on walkability in a TOD 

setting ( Cervero 2000, Cervero & Gorham 1995, Dill 2003, Holtzclaw 1993, Kim et al. 

2007, Lotzenheiser 1997, O'Sullivan & Morrall 1996). However those studies are not 

dealing with the walkability measurement but focusing on the variables influencing 

people’s walking behavior among other traveling choices. In the next chapter, based on 

prior research into walkability, I will propose new index of walkability assessment in a 

TOD, which is a special setting for pedestrians. Moreover, the chapter will suggest an 

updated measurement of walkability in TOD setting using GIS. 
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Literature Review 

Extensive research has addressed the factors that influence people’s transportation 

modal choice. Many transportation engineers, urban economists, and urban planners have 

studied urban form/urban design as a key indicator determining people’s travel behavior 

and travel choice (Zhang, 2004; Cervero and Gorham, 1995; Saelens et al., 2003; Cervero 

and Kockelman, 1997; Frank, 2000), while some research indicates that other factors, 

such as the socio-economic characteristics of individuals and neighborhoods, has more 

influence on people’s travel choice than urban form does (Krizek, 2003; Cao et al., 2006).  

A literature review was conducted to identify concepts and variables that have 

been used and findings from empirical research related to the influence of urban form on 

people’s modal choice, especially on the walkability of TOD areas. More specifically 

speaking, this chapter explores various approaches to walkability in several ways: 1) 

factors having an impact on walkability as a modal choice; 2) TOD and modal choice; 

and finally 3) a methodological approach, especially using GIS to measure walkability. 

The specific variables and methods of each study mentioned in this section can be seen 

on the Appendix at the end of this report. 

FACTORS HAVING AN IMPACT ON WALKABILITY AS A MODAL CHOICE 

In urban planning, walkability has been dealt at various levels, ranging from 

treating it as a part of modal choices to treating it as an independent topic in itself.  Most 

often, walkability has been studied as a part of non-motorized modes of transportation 

along with bikes and public transit in urban settings (Frank and Pivo, 1994; Zhang, 2004; 

Cervero and Gorham, 1995; Dock and Swenson 2002). Only a few studies have focused 
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on walkability itself (Ewing et al., 2006; Hess et al., 2001; Cerin et al., 2007). The choice 

of whether to walk is a more complicated issue than conventional modal choice 

approaches (Handy, 1996), because it is not easy to test or excerpt variables that only 

correlate with walkability. Some studies, however, have made progress in developing a 

detailed list of characteristics of urban form which are likely to have significant 

correlations with travelers’ modal choices, especially with walkability (Holtzclaw, 1994; 

Ewing et al., 1994; Frank and Pivo, 1994; and Handy 1996). 

 

Urban Forms 

A substantial amount of previous research has examined assorted independent 

variables that are expected to influence people’s modal choice. Ongoing debates in the 

literature regarding the impact of land use on travel are largely due to methodological 

issues, specifically those of data availability. However, most research supports the idea 

that there are positive relationships between urban form—density, mix, and 

connectivity—and non-motorized travel and transit usage (Frank, 2000; Cervero and 

Kockelman, 1997; Cervero and Gorhma, 1995; Ewing and Cervero, 2002). 

 

 

Figure 1: Conceptual flowchart of urban form and modal choice 
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The conceptual model in Figure 1 illustrates how urban form factors influence 

people’s modal choice. different independent variables define urban form which are 

assumed to have an impact on travel behavior. Cervero and Kockelman’s (1997) three 

Ds—density, diversity, and design—inspired much of the ensuing research on modal 

choice (Saelens et al., 2003; Handy et al., 2002). They studied how built environments 

influenced travel demand—specifically, trip rates and mode choice of residents in the San 

Francisco Bay area—along the three Ds. The results show that compact development 

(high density) was the strongest element influencing business trips. The study suggested 

that more compact, diverse, and pedestrian-oriented neighborhoods can meaningfully 

influence how people travel. Ewing and Cervero (2002) asserted that population density, 

mixing of land use types, compactness, and density of the street network correlate with 

less driving or more use of public transit, more multiple-occupant automobile driving, 

and more non-motorized transport. Saelens et al. (2003) reviewed planning, 

transportation, and urban design literatures and found that neighborhood characteristics 

such as population density, connectivity, and land use mix are relevant to walking/cycling 

for transport. Neighborhood characteristics/neighborhood designs were more relevant to 

physical activity than socio-demographic attributes were. 

On the other hand, Cervero and Kockelman’s three Ds were re-interpreted into 

other words and concepts (e.g., proximity and connectivity) in latter studies (Frank, 2000; 

Leslie et al., 2007; Loutzenheiser, 1997; Pikora et al., 2002; Saelens et al., 2003). Frank 

(2000) focused on proximity and connectivity between trip origins and destinations, 

which are assumed to be significant elements affecting people’s travel choice. According 

to his research, fine-grid neighborhoods that are older, pedestrian-oriented, and contain 

sidewalks (such as neo-traditional development) give more positive opportunities for 



 

17 
 

pedestrians than new, auto-oriented development does. Another finding of his research 

was that the reduced travel distances and less vehicle miles traveled (VMT) were 

partially due to the positive association between connectivity and other land use attributes 

that affected proximity, including land use density and mix. 

 

Hess et al. (1999) studied the 

relationship between site design and 

pedestrian travel in the mixed-use, 

medium-density environments of 12 

commercial centers in the central 

Puget Sound region. They controlled 

variables of population density, land 

use type and mix, income, and size of 

study sites (pedestrian travel 

catchment area – 0.5 miles radius), 

and observed how urban forms such as block size, existence of public sidewalk system, 

completeness of sidewalk, entry points, airline distance, route length, route directness, 

existence of on-street parking, street system influenced pedestrians’ walking distance per 

hour. The results indicated that there were significant differences in pedestrian travel 

patterns by neighborhood site design, and there was a higher volume of walking in safer 

walking environments with better pedestrian facilities than in counterpart neighborhoods.  
 

 

 

Figure 2: Relationship between travel 
behavior and factors that affect it 

 
Source: Frank & Pivo (1994), Impacts of Mixed Use and 
Density on Utilization of Three Modes of Travel: Single-
Occupant Vehicle, Transit, and Walking 
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While urban form is an external factor that may cause people to choose to walk, 

other invisible factors, such as trip purpose (activity-based modeling) or socio-

demographic factors, are internal factors that may play a role in modal choice (Handy, 

1996c; Frank and Pivo, 1994). A variety of studies have utilized the key factor of trip 

purpose to test connections between socioeconomic groups, transportation mobility, 

and/or land use (e.g., Kitamura et al., 1986; Kitamura, 1988; Zhang, 2005; Shiftan, 2008).   

 

Socio-Demographic Factors 

Socio-demographic factors are another key element to be considered in people’s 

choice to walk or not walk (Ewing and Cervero, 2001; Cerin et al., 2007). Ewing and 

Cervero (2001) summarized more than 50 recent empirical studies of built environment 

and travel demand and found that trip frequencies which have attracted considerable 

academic interest appear to be influenced primarily by the socioeconomic characteristics 

of travelers, and secondarily by the built environment. Trip lengths that have received 

relatively less attention are primarily a function of the built environment and secondarily 

a function of socioeconomic characteristics. Mode choices receiving the most intensive 

attention depend on both the built environment and socioeconomics. Frank and Pivo’s 

(1994) research is distinguished from other relevant research by the fact that built 

environment factors are substitute to a set of socio-economic factors. They investigated 

whether urban form influences people’s modal choice and found that density and mix are 

both related to mode choice, and when density and land use mix increase, transit usage 

and walking increase. The built environment, thus, may act as a surrogate for a set of 

socio-economic factors that affect travel behavior; that is, low income people’s mode 
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choice is neither based on the built environment nor on urban forms, but rather is caused 

by the socio-economic factors of the neighborhood.  

 

Neighborhood Characteristics 

Some studies take a broader view from individuals’ socio-demographic 

characteristics to the neighborhood’s collective characteristics (Cervero and Gorham, 

1995; Cao et al., 2006; Hess et al., 2001). The definition of neighborhood characteristics 

varies among researchers, but in most cases, the concept includes not only physical 

environments (e.g., street design, street patterns) of a neighborhood but also collective 

socio-demographic characteristics of neighborhood (e.g., income level or dominant land 

use of the area). Cervero and Gorham (1995) examined how two different types of 

suburban neighborhoods—a transit neighborhood and an auto neighborhood—in 

California, by controlling neighborhoods’ median incomes and transit, show a pattern in 

modal choice and trip generation rates. The transit neighborhood, which had higher 

densities and more gridded street patterns, showed lower drive-alone modal shares and 

trip generation rates than did the auto neighborhood. The transit neighborhood also 

showed higher walking and bicycling modal shares and generation rates than did its 

automobile counterparts. Cao et al. (2006) studied Austinites’ pedestrian behavior, which 

was assumed to be influenced by the quality of the built environment, such as mixed land 

uses, interconnected street networks, sidewalks, and other facilities. Their assumptions 

were 1) that the impact of the built environment on pedestrian behavior may depend on 

the purpose of the trip (utilitarian or recreational purpose); and 2) that the relationship 

between the built environment and walkability may be a matter of residential location 

choice than of travel choice. “Pedestrians’ walking behavior may be explained by prior 
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‘self-selection’ into a certain kind of neighborhood rather than by the built environment 

of that neighborhood per se (Cao et al., 2006: 3).” Residential preference and 

neighborhood characteristics—for strolling trips: the environment at the origin (home); 

for utilitarian trips: The environments at the destination—are important. The distance to a 

local commercial area (an outcome of the layout of the street network and the mix of land 

uses) significantly affects walking frequency. The appearance of the traffic-related 

variables is important as well. Traffic calming policy is to reduce traffic speeds and 

discourage driving in residential areas and encourage pedestrian travel. By reviewing 

planning, transportation, and urban design literatures, Saelens et al. found that 

neighborhood characteristics such as population density, connectivity, and land use mix 

are relevant to walking/cycling for transport (2003). According to the results, 

neighborhood characteristics were more relevant to physical activity than socio-

demographic attributes. Cerin et al. (2006) demonstrated the validity and reliability of the 

Neighborhood Environment Walkability Scale (NEWS)1

 

. According to their survey, 

residents of highly walkable neighborhoods reported higher residential density, land use 

mix, street connectivity, infrastructure and safety for walking, but lower levels of traffic 

load and fewer cul-de-sacs and hilly streets. Residents of higher socio-economic status 

reported better aesthetics and less traffic and crime. 

                                                 
1 The Neighborhood Environment Walkability Scale (NEWS; Saelens et al., 2003) and its abbreviated 
form (NEWS—A; Cerin et al., 2006) are measures of perceived neighborhood environmental attributes that 
have been chosen for the IPEN studies. They gauge the impact of environmental factors on residents’ 
walking (e.g., perceived residential density, proximity of and access to stores and facilities, and street 
connectivity). 
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Other factors 

Besides the variables mentioned above, a few researchers are considering other 

factors, such as land use balance, travel costs, parking supply (Zhang, 2004), civic plazas, 

bus rapid transit lanes, and green ways (Cervero, 2009) as key factors influencing 

people’s choice of whether to walk or not. Zhang (2004) analyzed the influence of land 

use on travel mode choice using survey data from Boston and Hong Kong. In Boston, 

land use mattered for mode choice when mode attributes and travelers’ socio-economic 

characteristics were taken into account. In Hong Kong, where the densely-built 

environment impacts mode choice, land use explained the transit-dominated travel 

pattern. Zhang found that the role of land use in influencing travel was significant; results 

showed that land use balance mattered to travel for non-work or all purposes, and socio-

economic variables and travel costs proved to be independent variables that mattered to 

mode choice.  

Krizek’s (2003) study is significant because of its longitudinal research on 

people’s movement between different characteristics of neighborhoods. He surveyed and 

tracked travel behaviors of same households to determine whether neighborhood 

accessibility characteristics (density, land use mix—number of employees, and street 

patterns—block area) and socio-demographic factors (such as income, number of 

vehicles, number of adults, number of children, and number of employees) influenced 

those households’ travel behaviors (such as vehicle miles traveled, person miles traveled, 

tour frequency, an tour complexity). Results showed that base socio-demographic 

variables had a significant effect on each of the travel changes, and that neighborhood 

characteristics had a significant effect on the travel changes as well. That is, households 

originally located in neighborhoods with higher neighborhood accessibility have a greater 
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propensity to decrease their vehicle miles traveled and number of trips per tour while 

increasing the number of tours. When households relocate and change the neighborhood 

accessibility, their travel behavior changes. Increase neighborhood accessibility reduces 

vehicle miles traveled, person miles traveled, and number of trips per tour, but an 

increase in average number of tours. Ewing et al. (2006) focused on quantifying 

qualitative urban design. In contrast to previous research, which considered “physical 

features” only, Ewing et al. studied the perceptions of walkability lying between 

objective measurements and subjective reactions. The study observed, rated (by an expert 

panel), and analyzed relationships between physical features and urban design quality 

rating. Among the nine urban design qualities, five of them (imageability2

 

, visual 

enclosure, human scale, transparency, and complexity) were confirmed as valid protocols 

for urban design qualities related to walkability. 

TOD AND MODAL CHOICE 

Among many modal choice or modal split studies, relatively few have focused on 

walkability in a transit area (O’Sullivan and Morrall, 1996; Dock and Swenson, 2002; 

Kim et al., 2007; Loutzenheiser, 2997; Dill, 2003). O’Sullivan and Morrall (1996) 

measured people’s willingness to walk (walking distance and walking time) in different 

settings: a central business district (CBD), transfer, and local stations. One significant 

suggestion from their study is that walking distance guidelines should be differentiated by 

specific non-motorized stations—that is, the walking distance guidelines used for bus 

                                                 
2 The study defined imageability as constant, number of courtyards/plaza/parks, number of  major 
landscape features, proportion of historic buildings, number of buildings with identifiers, number of 
buildings with non-rectangular silhouettes, number of pedestrians, noise level (rating), and outdoor dining 
(y/n). 
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stops should not be used for LRT stations, since commuters will walk farther to reach an 

LRT station than a bus stop.  Leslie et al. (2007) also discussed varied walkable 

distances by travelers’ trip purpose: “Distances of less than a ½ mile between residences, 

shops, employment, and to regional transit service are desirable, if walking is to be a 

competitive mode of travel” (p. 113). Kim et al.’s (2007) walkability study focused on 

travelers’ socio-demographic factors along with some built environments between home 

and light rail station areas. They found that certain population groups (e.g., full-time 

students and higher income riders) showed high share of walking relative to other modes. 

Crime was another factor that made females prefer to be picked-up or dropped-off at 

night. Kim et al. also found that some built environments or designs affect people’s mode 

choice: positive land use factors are industrial areas near low income neighborhoods, 

commercial/office; and negative factors are parking, park and ride lots.  

Dock and Swenson (2002) studied the relationship between urban forms shaped 

through TOD and transportation demand, and tested whether the Transit-oriented growth 

scenario was applicable to sub-regional level as well. Specifically, they investigated data 

analysis at the regional scale and urban design and land use strategies at the local and 

sub-regional scales. Variables they investigated were Density, Diversity, Transit 

accessibility (Distance between zones – inter-zonal case). They found that efficiency 

from a TOD growth scenario was gained by 1) reducing the length of trips within the 

coalition area, 2) increasing the number of walking trips, and 3) increasing the number of 

transit trips. TODs offered better jobs and a better housing balance, created more 

opportunities to walk or bike, and generated densities sufficient to warrant high levels of 

transit service. Dill (2003) examined employees’ transit use and proximity to rail stations 

in the San Francisco Bay area and found that when the work site was within a quarter-
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mile distance from the station, employees tended to use transit more than when the 

employees’ work place fell in between a quarter- and a half-mile distance from the 

station. Dill also mentioned that site design often made people walk further distances. 

Although studies of walkability in transit areas have considered the unique 

circumstances of transit areas, still they have not taken into account the distinct 

conditions of a TOD that is multi-functional in one place. Without the consideration of 

these characteristics of TOD zone, it may cause mismatched supply-demand on the 

planning process. The present study will differentiate subareas within a TOD and will 

suggest enhanced walkability attributes in a TOD zone. 

 

METHODOLOGICAL APPROACH: SPATIAL ANALYSIS USING GIS 

When studying walkability, the biggest challenge is how to measure and analyze 

the relationship between independent variables (such as urban form and socio-

demographic factors) and dependent variables (such as people’s choice of walk or 

walking pattern, etc.). To date, the majority of studies have looked at people’s subjective 

aspects on walkability (for example, Ewing et al., 2006; Ewing and Handy, 2009) rather 

than objective ones (e.g., Leslie et al., 2007; Giles-Corti and Donovan, 2002a). In most 

walkability studies, the relationship between independent factors and walkability as a 

dependent variable has been analyzed using various regression models or other statistical 

approaches. Fewer studies have attempted to measure and analyze those objective 

variables using Geographic Information System (GIS). GIS is a powerful tool for spatial 

analysis which enables to reveal hidden pattern or relationships among indicators related 

to geographical location. Out of 43 studies relevant to the present project, nine used 

mapping techniques to display the region or site as a reference map, and only four studies 
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used GIS to analyze walkability (Dock and Swenson, 2002; Frank, 2000; Hess et al., 

2001; Leslie et al., 2007). GIS is an attempt to overcome the existing limitations of 

walkability measures, such as inconsistency of measuring units and non-quantified 

variables/index (Hess et al., 2001) and is a promising tool for synthesizing multi layers of 

walkability environments and revealing the connection between assorted variables.  

Hess et al. (2001) suggested that, to overcome the limitations of unclear/weak 

measures of relationships between density, land use mix and transportation behavior, 

parcel-level data and GIS should be used to identify and measure attributes of land use. 

Their study used techniques developed by landscape ecologists to quantify land cover and 

landscape patterns.  Leslie et al. (2007) developed a walking index using GIS. The main 

indices they considered were proximity (density, i.e., compactness of land use; and land 

use mix, i.e., the degree of heterogeneity) and connectivity (the directness of the pathway 

based on the design of the street network). Using GIS data to derive a walkability index, 

they determined the following elements of environmental characteristics will yield a 

positive impact on walkability: dwelling density, connectivity, land use accessibility, 

diversity of uses, and net area retail. Moudon and Lee (2003) reviewed existing 

environmental audit instruments, which can be defined as a tool to inventory and assess 

physical environmental conditions associated with walking and bicycling, and evaluated 

individual measures of environmental factors used in the instruments. Among the 

individual variables, which are grouped into four classes3

                                                 
3 The four groups are: spatiophysical (roadway characteristics, environment along roadway, network, 
area), spatiobehavioral (nonmotorized traffic, vehicular traffic, safety), spatiopsychosocial (perceptions of 
environments), and policy-based (policies affecting environments). 

, spatiophysical variables are 

objective data that can be analyzed using GIS.  
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As mentioned above, the walkability study within the TOD area is relatively 

young and is still establishing its basic tenets. In addition, walkability analysis within 

TOD sites using spatial analysis is even younger and the integration of walkability, TOD, 

and GIS is, in fact, almost never seen. The present study seeks to offer an integration of 

spatial analysis with an established walkability index in a TOD setting. The next chapter 

reviews the characteristics of a TOD that distinguish it from other urban settings and 

suggests valid walkability variables to establish a walkability index executable in GIS. 

Some practical manuals and technical papers deal with walkability assessment 

using GIS programs. Among these, I referred to two practical studies, “The Twin Cities’ 

Connecting Transportation and Land Use Systems(CTLUS) Initiative: Identifying and 

Evaluating Regionally Significant Walkable Urban Places” by the ULI Minnesota and 

Center for Transit-Oriented Development (CTOD) (2009), and “Neighborhood 

Environment for Active Transport-Geographic Information Systems (NEAT-GIS) 

Version 5.0” edited by Ann Forsyth (2010). These are useful studies for conducting 

walkability assessment using GIS tools, but because they do not focus on walkability at 

transit sites, the present study modifies the variables and measurements they present. 
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Methodology 

This chapter explains how the study sites were picked. Next, it introduces the 

walkability indicators used to assess walkability in TOD zones using a GIS program. The 

following section explains each indicator and shows how these indicators are recorded 

and measured, as well as showing how data from the measurement is run in the GIS 

program (ArcGIS version 9.3 or 10). 
  

TOD ZONES: WHERE TO MEASURE 

Although there are common elements/features forming the structure of TOD 

zones, TOD in the real world is not identical to the textbook examples. As mentioned 

earlier, when approaching TOD one must keep in mind that each TOD has a different 

character and structure depending on its context (Calthorpe, 1993). The boundary and 

shape of each TOD zone varies according to its location, its function, the market’s 

demands, and the city’s planning policy.  

How then can we evaluate the walkability of a TOD zone? Can we put an 

identical index on the different types of TOD? To answer the question, we first need to 

think about what kind of TOD should be studied in this project and how to set the study 

boundaries of the TOD. Ultimately, a TOD zone will be designated by its location, 

boundary, and size at the city or county level. One TOD may be planned under a regional 

plan which covers thousands acres, several individual stations, and several towns, while 

another TOD may be built in a small area under a Station Area Plan (SAP). Among the 

various types of TOD, this walkability study focuses on small TOD areas in the U.S. 

whose dimensions are such that an adult can walk from the transit center to the edge. 
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Thus regional TODs will not be considered as study sites in this project. However, other 

than eliminating regional TODs, this study did not control for TOD size. Since the aim of 

this study is to evaluate the current walkability conditions of TOD zones, only those 

TODs having a SAP will be considered. If time allows, the current conditions of the 

pedestrian built environment will be compared to the original plan. 

 

WALKABILITY INDEX: WHAT TO MEASURE 

A search focused on walkability or related issues (modal choice/modal split, 

walk/bike in transit areas) found 42 studies; a review of these studies revealed a number 

of independent variables that were verified as factors influencing people’s walking 

behavior. These independent variables were divided into five categories: mixed land use, 

density, connectivity, pedestrian environment, and others. A detailed list of the variables 

used in these studies can be found in Appendix A.  

 

Mixed Land Use & Density 

In the present study of walkability, mixed land use is indicated by the level of 

integration or homogeneity within a TOD zone of different types of uses, such as 

residential, commercial, office, and open space. The studies reviewed prove that the 

higher the degree of land use mix is, the more pedestrian friendly the TOD is (e.g., 

Cervero and Kockelman 1996, McCormack et al. 2001). As previous studies have noted, 

heterogeneity has a positive impact on the pedestrian environment and is highly 

recommended in a TOD setting.  
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To measure land use mix, this project used two approaches: 1) measuring the 

percentile of each land use in the site, and 2) calculating dissimilarity index of land use in 

the site. The first approach measures the percentage of total parcel area devoted to major 

land uses based on major land use categories (e.g., residential, commercial, office, 

industrial, institutional, open space, and vacant). By doing this, it is possible to show the 

overall structure of current land use in the zone. Also this measurement indicates which 

land use is dominant in the area. The detailed formula of percentage of total parcel area 

devoted to each major land use is the total area in parcels in each of the main land use 

categories divided by the total land area in parcels, with the water area removed. 

The second approach uses well-known formula of Cervero and Kockleman’s 1996 

study measuring the homogeneity/heterogeneity of land uses in a site using dissimilarity 

index. While the previous method gives an overall snapshot of the land use in the site, 

calculating dissimilarity index yields a more detailed and synthetic view of land use.  

}/)]8/({[ 8 KXityIndexDissimilar ii
k
j∑∑=  

where K is the number of developed grid cells in study area, and “ 1=iX  if land-use 

category of neighboring grid cell differs from hectare grid-cell j (0 otherwise) (Cervero 

and Kocklemans 1996, p. 206)”. 

The results are scored from 0, which means identical uses, to 1, which means 

different uses provide more specific information about the land use by the cell unit of the 

study site. To measure the homogeneity of the site, first, 100-by-100 meter grids will be 

created using the GIS program. The grids are then put on the study site to cover the whole 

area. Next, the dominant land use of each cell is determined and they are averaged to 

calculate the dissimilarity index (from 0 to 1) of a center cell (Cervero and Kockelman 
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1997). To simplify the scoring system, it will be divided into three parts: over 0.6, 

dissimilarity will be described as “High”, from 0.3 to 0.6 as “Moderate,” and below 0.3 

as “low.”  

Density is another key indicator of a walkable environment. This indicator is 

somewhat overlapping with other indicators such as mixed land use or accessibility 

(proximity). As CTLUS Initiative does, some studies measure density using land use data  

(2009). For example, a ratio of jobs to residents indicates intensity of land uses – another 

term of density – of a site. However, this project distinguishes density from mixed land 

use indicator by using demographic data only while mixed land use is calculated with 

land use data. Some studies include density within the concept of proximity (Frank, 2000; 

Saelens et al., 2003) because density indicates the compactness of land uses. The present 

study, however, differentiates the concept of density from proximity and simply defines 

density as the intensity of population and employment (Cervero and Kockelman 1997; 

Holtzclaw 1994; Frank and Pivo 1994). The density of an area is calculated with the total 

residential population of the area and the number of jobs per developed acre. For more 

accurate measurement, the population can be divided by the total acres of resident area. 

By doing so, it is possible to see the average population per acre. Also, by dividing the 

employment number by the acre of office uses, we can see the possible flow rate of 

people who are potential users of the transit stations in the area.  

Higher density is more pedestrian friendly. To measure the density of population, 

we will score more than 30 persons per acre as “High,” 15 – 30 persons per acre as 

“Moderate,” and below 15 persons per acre as “Low” walkability.  

The data needed here are census block data and employment data from the 

Longitudinal Employer-Household Dynamics (LEHD) dataset. For detailed information 
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about the population per acre, I used 2010 census block data. Block data and their 

shapefiles are downloadable at the US Census Bureau’s website for its Topologically 

Integrated Geographic Encoding and Referencing system (TIGER).4

 
  

Connectivity 

The present study defines connectivity as the degree of proximity from possible 

origin(s) to possible destination(s) through a street network. Connectivity indicates the 

ease of mobility using existing pedestrian environments (sidewalks, pedestrian crossings, 

etc.) with no obstructions in the route. A few things must be considered when measuring 

the connectivity. First, the trip origin varies by travelers. If a traveler is a resident of the 

TOD area, then the origin is a residential area and the destination may be transit stops, 

retail shops, or parks. If the traveler is a light rail passenger, then the origin of the trip 

may be park-and-ride or parking lots and the destination may be a transit stop. Thus, 

when analyzing connectivity, it is necessary to consider which areas are possible origins 

and destinations in the zone. In the present study, to measure the walkability, the most 

important key nodes are those of multi-modal transportation systems in the zone. From 

the major transit stations (as a hub/center of the zone), the street distance and link to other 

land uses (e.g., residents, offices, parks, etc.) will be studied.  

The rise in the use of geographic information systems (GIS) has led to the 

feasibility of measuring accessibility using more realistic network-based distances. A 

simple way of measurement is to calculate the total length of streets and sidewalks in the 

area; or, by calculating the ratio of the sum of sidewalk lengths to the sum of all road 

lengths, it is possible to quickly evaluate the walkability of an area. However, to be more 

                                                 
4 TIGER, US Census Bureau: http://www.census.gov/geo/www/tiger/index.html 
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realistic, it is necessary to include other features such as crossings, intersections, and so 

on. To do that, using the Network Analysis (NA) Tool in the ArcGIS, this paper 

examines the street network of the study sites. A sub-method is mainly used: Calculating 

Service Area, which creates a series of polygons representing the distance from a facility 

within a specified amount of time or distance, under the conditions of the existing 

pedestrian environments. Based on the results of 3 minutes, 5 minutes, and 10 minutes 

distances from the target points (stations in this project), we can measure the land uses 

accessible within designated time period (3 min, 5 min, and 10 min).  

To measure accessibility/walkability, the following data are needed: streets/roads, 

sidewalks, intersections, and data about major nodes (stations, the most recent land use, 

etc.). Other than streets/roads data (which can be downloaded from the US Census’ 

TIGER website), the rest of this information is not easy to get. Most cities do not have 

these data or do not provide them to the public for free. Such data may, however, be able 

to be digitized using Google Earth or other high resolution images.  
 

Pedestrian Built Environment 

The pedestrian built environment includes variables of street design that directly 

influence people’s walking. It includes circulation system (connectivity based on current 

street hierarchy), street dimensions (such as width of sidewalk, intersection design, etc.), 

and aesthetic aspects (such as street vistas, landscapes, etc.). Among these, this study 

focuses on selective variables that directly influence people’s walking and are measurable 

using GIS (i.e., Leslie et al. 2007).  

Independent variables in this category are sidewalk connectivity (which can be 

measured with the presence of crossings and sidewalks), speed limit of the adjacent 
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pedestrian streets, and safety of the sidewalk (which is combined two previous items). 

These variables are important in assessing how pedestrian-friendly the site environment 

is. Average block size is another indicator of the walkability of the area. By calculating 

the acres of block in the site, we can assume the compactness of the site. And by dividing 

the acres of block, more accurate results of the density can be achieved.  

Data needed in this category are streets, sidewalks, speed limits, pedestrian 

crossings, and bike lanes. This project uses minimum data to demonstrate a simple way 

of assessment. Even so, most of the GIS data in this category needs work to create and 

modify the data, since not many cities have the data. Also in the case of street data, it 

must be examined very closely and edited before it can be used for doing a network 

analysis. Again, Google Earth or other satellite images are useful for digitizing data. For 

more accurate data, site observation after digitizing is recommended. 
 

Other Variables  

According to the literature, there are other variables to be considered in assessing 

walkability, such as regional context (overall connection and patterns of routes), presence 

of reliable transit services (frequency of services, rail/bus fees/charges), visibility, safety 

of neighborhood (e.g., street surveillance, crime rate), aesthetics (attractiveness), or 

individuals’ attitudes toward physical activities (in this case, walking). However, because 

these variables are subjective and hard to collect and measure using GIS, the present 

study did not consider them as walkability attributes. 
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Table 4: Variables to Assess Walkability in a TOD area using GIS 

Category Indicator Basic Concept Scoring Data [GIS Tool(s)] 

Mixed Land Use 
& Density 

Percentage of total parcel 
area in major land uses 

Simple measure of land-use 
percentage in major uses5 N/A 

 
Land Use 
Study area 

Mix of Uses Ratio of jobs to residents 
• High: 0.8 – 1.2 
• Moderate: 0.4 – 0.8; 1.2 – 2.0 
• Low: 0 – 0.4; 2.0+ 

Census Block 
LEHD 

Dissimilarity Index 
Measure overall mix of land use 
(consider the relationship with 
adjacent dominant land uses) 

• High: 0 – 0.3 
• Moderate: 0.31 – 0.6 
• Low: 0.61 - 1 

Land Use 
[Fishnet] 

Intensity of Use Total number of jobs and 
residents per acre 

• High: >28.4 persons/acre 
• Moderate: 14.2–28.4 persons/acre 
• Low: < 14.2 persons/acre 

Census Block 
LEHD 
[Summary] 

Connectivity 

Proximity (distance) 
from/to transit stops 

Proportion of total length of 
sidewalk reachable within 10 
min walk 

• High: > 60% 
• Moderate: 30% - 60% 
• Low: < 30% 

Street 
Station location 
[Network Analyst] 

Non SF uses within the 
service coverage Proportion of Non SF uses 

• High: > 60% 
• Moderate: 30% - 60% 
• Low: < 30% 

Land Use 
[Network Analyst] 

Pedestrian  
Environment 

Presence of sidewalk Ratio of existing sidewalk to 
missing sidewalk 

• High: < 0.3 
• Moderate: 0.3 – 0.6 
• Low: > 0.6 

Sidewalk 
Street 

Pedestrian crossing  Interval of pedestrian crossings 
• High: > 1.5 per 100 meter 
• Moderate: 0.7 – 1.5 per 100 meter 
• Low: < 0.7 per 100 meter 

Sidewalk 
Pedestrian crossing 

Block size Average acreage of blocks 
• High: < 4 ac/block 
• Moderate: 4-8 ac/block 
• Low: > 8 ac/block 

Parcel 

                                                 
5 Major uses: single family residents, multi-family residents, commercial, office, industrial, civic, open space, transportation, and vacant 
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Case Study: Martin Luther King Jr. Commuter Rail Station, Austin, 
TX 

The National TOD Database website6

To pick the study sites to apply the on-the-go frame of walkability assessment of 

TOD zone, I looked closely of the sites studied at the previous works. The majority of 

walkability studies were done with neighborhoods or areas in the Bay area in California, 

in Seattle, Washington, in Minneapolis, Minnesota, and in Austin, Texas. Only a few 

studies mention the pedestrian environments near transit stations. Moreover, the 

feasibility of GIS data was another criterion for me to select study site. Based on the data 

set, this study selected a commuter rail station in Austin, Texas, for the study site. 

 provides data for 3776 existing stations and 

833 proposed stations in 47 metropolitan areas, as of December 2009. They also provide 

various variables including the 2000 Decennial Census, the Census Transportation 

Planning Package, and Longitudinal Employment Data.  

CITY CONTEXT:  

Austin has been one of the most auto-dependent cities in the United States. Its 

spread-out development trends, huge express roads passing through the city, and the lack 

of public transportation systems have fostered people’s dependency on automobiles for 

decades. A newly planned commuter rail system and a streetcar system, however, are 

expected to change people’s mobile trends. With the new public transportation systems, 

the City Council adopted a TOD Ordinance in 2005. In 2009, the commuter rail line (red 

line in Map 1) began its service on 32-miles of existing freight tracks between Leander 

                                                 
6 TOD Database by the Center for Transit Oriented Development (CTOD), http://toddata.cnt.org/ 
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and downtown Austin; the streetcar (green line in Map 1) will run from Mueller 

Redevelopment Site to Downtown in 10 years (Capital Metro, 2006).  

These new systems are seeking better circulation between multimodal 

transportations—commuter rail, streetcar, feeder buses, bicycling, and walking. 

Map 1: Austin city limits, commuter rail line and future streetcar line 

 

TOD SITE: MARTIN LUTHER KING JR. (MLK) STATION 

Among the large selection of transit stations shown in Map 1, I picked the TOD 

zone covering two stations at Martin Luther King Jr. St. and Manor Rd. as my study site. 

When Austin’s light train begins its operation and the Mueller project is finished, the area 

will soon be one of the core nodes connecting various important nodes of Austin: the 
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road connects with the UT campus to the west, with downtown to the south, with the 

Mueller area to the north, and with East Austin to Austin Bergstrom International 

Airport. Also the newly planned commuter rail and street car system are expected to 

change people’s mobile trends towards less driving and more walking and biking. There 

is no doubt that this area will be more vibrant and have more demand for travel. 

According to CapMetro projections, the ridership of buses and streetcars in Austin will 

dramatically grow to 7,600 and 11,500 respectively in 2017 and 9,400 and 13,000 in 

2030. At that time, we expect the following changes from the new systems in this site: 

more pedestrians with a high density of mixed-uses, more bus circulation to feed two rail 

stations, commuter line stations at MLK and Manor, and a streetcar stop at this site. 

For the above reasons, it is necessary to increase accessibility from the adjacent 

neighborhoods and facilities to the area surrounding the railway station and encourage the 

use of the commuter rail system. The present study measures walkability using the on-

the-go framework.  
 

SETTING STUDY AREA BOUNDARY 

In selecting the study area, ¼ mile and ½ mile were used as a walking distance 

commonly accepted for best practices. To determine which neighborhoods could 

potentially access new transit stations within easy walking distance, Euclidian quarter-

mile and half-mile zones (marked as dark blue and lighter blue circular zones in Map 2) 

are created around the Martin Luther King Jr. (MLK) station and expected streetcar stop 

on the Manor Road corridor. To focus the analysis on walking distance, the study site 

was carefully clipped along with street lines completely covering a quarter-mile buffer in 

the area. Airport Blvd., which forms the eastern boundary of the site, was excluded, since 
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this 6-lane street was considered a barrier to pedestrians. As result, the area clipped by 

Airport to the east, E. 12th Street to the south, Chestnut to the west, and Cherrywood – E. 

38th ½ to the north was picked as the study boundary (shown by the yellow area in 

Map2).  

Map 2: Study Area 
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DATA AND DATA SOURCES 

GIS data used in this analysis were obtained from the City of Austin, Capital 

Metro, the U.S. Census Bureau, and CAMPO websites. Most datasets were publicly 

available on the City of Austin’s GIS Data Sets website. Aerial photos were obtained 

from the Capital Area Council of Governments for reference throughout the study.  
 

Region/Neighborhoods 

• Demographics: 2010 Census Block (U.S. Census Bureau TIGER) 

• Land Use 2008 (City of Austin GIS Website) 

• Zoning (City of Austin GIS Website) 

• Austin Citylimits (City of Austin GIS Website, University of Texas at 

Austin) 

Streets 

• Streets, Railroad (City of Austin GIS Website, CAPCOG Website)  

• Sidewalks (collected from field observation) 

• Speed Limits (City of Austin GIS Website)  

• Capital Metro Stop Data (CMTA) 

• Streetcar Stop Data (Georeferenced from the CapMetro Greenline report) 

Transportation Related 

• Rail Stations, Routes, Available Services (Digitized information from 

CapMetro) 

• Capital Metro Bus Stop (CMTA)  

Demographics  

• Demographic TIGER/line Shape files (ESRI) 

• Population (Ridership) Projections (CAMPO) 
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• Employment (LEHD 2009: U.S. Census) 

o WAC: Workplace Area Characteristic data 
  

All data sets projected into common projection system: NAD83, Texas Central State 

Plane, Survey (feet). 
 

Figure 3:  Street conditions of the study site 

 

Data about current street conditions were collected through three periods of field 

observation at the end of October and early November, 2009. Sidewalk conditions and 

marked pedestrian crossing within the study area were checked. Speed limits different 

from the downloaded data were also marked. 

Sidewalks in poor condition can present more of a barrier to accessibility than an 

aid. This research assumes that poor or missing sidewalks discourage people’s walking. 

So the sidewalk conditions were categorized in the following seven categories: excellent, 

good, poor, missing, alley, existing crossing, and possible crossing. 

Though all network analysis studies reviewed relied exclusively upon vehicular 

street networks, not all vehicular streets are appropriate for inclusion in an analysis 

measuring pedestrian access. For example, highways and high speed arterials without 

sidewalk facilities can be extremely dangerous for pedestrians and should not serve as 

indicators of true pedestrian access. To determine how to classify the sidewalk conditions 

in this study, the streets layer was examined in GIS for speed limits and the presence of 
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sidewalks. Four hierarchical streets were found: a speed limit of 45 miles per hours on 

major arterials (Airport Blvd. and MLK Blvd.), a speed limit on 40 miles per hours on 

two minor arterials (Manor Rd. and E. 12th St.), and a speed limit of 30 miles per hour on 

most local roads and alleys (Map 3.). For the purposes of this study, arterials with a speed 

limit of approximately 35 miles per hour were deemed to be walkable only if a sidewalk 

was present. Crossing these arterials was permitted within the network only if a 

crosswalk was present at the intersection. When a crosswalk was not present but speed 

limits were less than 30 miles per hour, streets and intersections were included as 

“crossable” in the network, regardless of the presence of a sidewalk or crosswalk, 

because they were primarily local streets and alleys with low traffic volumes, which, in 

most cases, are relatively safe for pedestrians, even without the presence sidewalks and 

crosswalks. 

 

WALKABILITY ASSESSMENT OF MLK STATION TOD ZONE IN AUSTIN, TX 

Mixed Land Use and Density 

Map 3 was generated to understand the land use aspects of the study site. The 

dominant land use in this area consists of single family uses (1042 land uses covering 

174.66 acres). Next is 60.54 acres of undeveloped land. However, since this LU data was 

created in 2008 when the MLK station had not yet been built, we can say that the 

undeveloped land use data need to be changed when a real analysis is undertaken. 

However, in this simulation work, we will keep the undeveloped land as it is and see how 

the vacant land will influence walkability.  
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Table 5: Study Site Land Use in 2008 

General LU 2008 Unit Count Acre 
100 Single Family 1042 174.66 
200 Multi-Family 8 5.76 
300 Commercial 17 10.31 
400 Office 5 4.79 
500 Industrial 13 14.03 
600 Civic 13 15.16 
700 Open Space 6 12.51 
800 Transportation 6 7.48 
900 Undeveloped 87 60.54 

Total 1197 305.24 

To see the mixed land use, we calculated the ratio of jobs to residents (Map 4 and 

Map 5). To do that, we plotted maps of residents and jobs using U.S. Census data. The 

value of mix of land use is 0.3018, which means there is low heterogeneity in the site.  

As can be seen from the map and the table, single family uses are dominant in the site. 

This causes the low heterogeneity, and may negatively impact the walkability. 

Map 6 shows the workflow of calculation of a dissimilarity index with a 

proportion of dissimilar land uses adapted from the research done by Cervero and 

Kockelman (1996). We measured dissimilarity by calculating the dominant land use in 13 

columns and 18 rows (234 cells total) of 100-by-100-meter grid cells covering the site. 

The concept of this measure is to see the relationship of land use(s) in center cell to those 

of eight adjacent cells. The first step is to put 100-by-100 meter grid cells on the current 

land use maps ((a) on Map 6). The second step is to calculate the dominant land use of 

each cell by the acres (b). And then the final step is to calculate the percentage of 

heterogeneity of the center cell by comparing the cells adjacent to it. Each cell has a 

dissimilarity index value ranging from 0 (low dissimilarity, where the dominant land use 

of the cell is identical to the land uses of the adjacent cells) to 1 (high dissimilarity, where 
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the dominant land use of the cell is different from any of the land uses of the adjacent 

cells). As can be seen from Map 6, significant numbers of cells are used as single family 

residents or vacant areas in the center of the zone, while other uses are either not that 

significant or are not clustered. The overall dissimilarity index value in this area 

(averaged dissimilarity index of 234 cells) is 0.28, which means that this area has less 

heterogeneity, and this is not pleasant for pedestrians. 

Map 7 shows the density of the site. The measure of the density was calculated by 

the degree of intensity of uses of the site. The intensity was calculated by the total 

number of jobs and residents per acre. Using the census block data and LEHD data, we 

added the number of residents and jobs in each block and divided the sum by the acres. 

The population density and job density were 16.39 and 180.27 respectively. The result of 

intensity of uses (population total divided by study area) was 9.71, which indicates a 

negative value for the walkability.  
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Map 3: Land Use 2008 
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Map 4: Demographics - Residents 
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Map 5: Demographics - Employment 
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Map 6: Dissimilarity Index 
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Map 7: Intensity of Uses (Ratio of Jobs to Residents) 
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Connectivity  

To calculate intersection density in the area, we used intersection data consisting 

of marked crossings and unmarked crossings from the City of Austin’s sidewalk network 

data. The total area of the site was 383.8 acre (= 0.6 square mile), and there were 11 

marked crossings and 107 unmarked crossings (118 intersections total); that is, there 

were 197 intersections per square mile, which is a moderate number of intersections, but 

extremely low value if we consider the marked crossings only (18 marked crossings per 

square mile). Furthermore, looking at the ratio of marked crossings to all intersections in 

the site, the ratio was only 10.7, which is also a very low score. 

Using the Network Analysis (Calculation of Service Area) tool in ArcGIS, we 

were able to measure the walkability from/to the facilities (rail stations) and the area 

reachable within a certain time period. These two maps show various results depending 

on the different criteria we choose; that is, when people say “five minutes’ distance,” the 

“distance” is calculated by the Euclidian way—“as the crow flies,” as English idiom has 

it, rather than “as the person walks”. As Map 8 shows, when the service area is calculated 

with the Euclidian method, the service areas (two transit stations) cover most of the 

neighborhoods within the study area. However, when we consider the street connections, 

as in Map 9, the 3-minute, 5-minute, and 10-minute service areas exclude most of the 

Upper Boggy Creek neighborhood. The total length of sidewalk (if we assume that all 

streets have secured sidewalks) to the MLK Station is 5 miles (the dark pink line on Map 

8 and Map 9) of 12.24 miles of the whole street system. That is, only 41% of coverage 

has been achieved in this street pattern. 
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Table 6: Land Use Coverage by Measurement 

  Polygon (a) Line (b) 
GENLU2008 Count Acre Acre (%) Count Acre Acre (%) 
100 Single Family 336 59.95 52.9% 159 28.23 66.2% 
200 Multi-Family 5 2.75 2.4% 3 1.32 3.1% 
300 Commercial 5 7.16 6.3% 1 0.23 0.5% 
400 Office 2 1.30 1.1% 0 0.00 0.0% 
500 Industrial 9 10.27 9.1% 3 2.10 4.9% 
600 Civic 3 1.81 1.6% 1 0.26 0.6% 
700 Open Space 1 1.08 1.0% 0 0.00 0.0% 
800 Transportation 4 2.40 2.1% 1 0.13 0.3% 
900 Undeveloped 21 26.66 23.5% 5 10.36 24.3% 
TOTAL 386 113.38 100.0% 173 42.62 100.0% 

Table 3 and Map 10 compare the coverage of land uses based on the network 

analysis results above. When we used the first method (the Euclidean method, (a) on Map 

10), the service area (10 minutes walkable distance) covered approximately 113 acres. 

The scenery of the site from/to stations would be homogeneous. Within the 10 minutes’ 

distance, single family (52.9% of the usage) and undeveloped land (23.5%) were the two 

dominant land uses pedestrians would encounter in the site. When we performed network 

analysis on the site ((b) on Map 10), the number of accessible parcels decreased further. 

Singe family use (66.2%) and undeveloped land (24.3%) were still the most dominant 

uses near the station. In addition to that, there were no uses of office and open space to be 

seen.  
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Map 8: Network Analysis Map: Simple coverage method ignoring street connections  
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Map 9: Network Analysis Map: Calculation of service area considering street 
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Map 10: Network Analysis Map: Land Use Coverage 
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Pedestrian Built Environment 

First, the current conditions of pedestrian built environment were calculated 

(Table 4 and Map 11). Based on the sidewalk data given from the City of Austin website, 

we calculated the proportions of each type of pedestrian built environment to see the 

overall picture of the site’s pedestrian environment. When the data were collected in 

2006, more than 65% of the street had no sidewalks. Moreover, there were only 11 

marked crossings out of 118 possible pedestrian crossings in the site. In other words, less 

than 10% of entire intersection had pedestrian crossings. Those marked crossings were 

clustered in five intersections on the edge of the study boundary and next to arterial 

streets. The average distance (interval) between adjacent marked crossings was 653 

meters in Euclidian distance, which is much farther than the general international 

guidelines of ± 100 meter intervals (Map 12). 

Table 7: Pedestrian Environment 

Absent sidewalk (ft) 20,960.75 65.68% 
Existing sidewalk (ft) 10,950.69 34.32% 
Total (ft) 31,911.44 100.00% 

 
Number of marked crossing 11 9.32% 
Number of unmarked crossing 107 90.68% 
Total (count) 118 100.00% 

 

Next, the average block size of this zone scored 4.1, which is close to the “high” 

standard for comfortable walkability. However, when we looked closely the numbers, 

this area had a big contrast between two neighborhoods—Upper Boggy Creek and the 

neighborhoods below MLK Blvd. With its suburban styles of street pattern, the average 
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block size of Upper Boggy Creek scored 13.75 acre per block, which is an extremely 

large size for pedestrians, while the average block size of the newly developed 

neighborhoods on the south of the zone was 2.74 acre per block, which indicates very 

good conditions for pedestrians. 

Street conditions varied by neighborhood and current land use (Map 14 – Map 

16). Upper Boggy Creek had suburban styles of street connection, that is, local streets 

were connected to their feeder minor arterials, rather than being connected to each other. 

Also, only 31.6% of the area had secure sidewalk. Unlike the Upper Boggy Creek 

neighborhood, the Chestnut neighborhood was a medium-density residential area with 

relatively well-connected street networks. Moreover, its newly developed new urban style 

residential area, along with Miriam Ave., had excellent street conditions. The street 

conditions of the Rosewood neighborhood were in between the Upper Boggy Creek 

neighborhood and the Chestnut neighborhood. The street conditions of the Rosewood 

neighborhood, however, were very poor with missing sidewalks.  

Next, in order to measure the safety of sidewalks—a key factor of walkability and 

pedestrian accessibility—we combined the ranks of the current street conditions and 

speed limits. Based on the relevant literature, street conditions were given more weight 

than speed limits. When the results of the current conditions rank (with a 60% weight) 

and the speed limits (with a 40% weight) were combined together, Manor Rd. and a part 

of MLK Blvd. were the least safe streets for pedestrians, while the newly developed 

Miriam Ave. had the safest pedestrian environments. 
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Map 11: Pedestrian Built Environment 
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Map 12: Pedestrian Crossing Interval 
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Map 13: Block Size 
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Map 14: Sidewalk Condition I 
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Map 15: Speed Limit 
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Map 16: Sidewalk Condition II 
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SUMMARY 

The results of assessment in each indicator are found in the table below. Based on 

the assessment table (Table 4), we scored each value of indicator either ‘low,’ 

‘moderate,’ or ‘high’. ‘Low’ indicates a negative environment for pedestrians, while 

‘high’ indicates a positive environment for walking. The overall walkability score of 

MLK Station TOD zone is somewhere between low and moderate, and none of the 

indicators achieved a ‘high’ ranking.  

Table 8: Walkability Scores of MLK Jr. Station in Austin, TX 

Category Indicator Value Score 

Mixed Land Use and 
Density 

Mix of Uses 0.31 Low 
Dissimilarity Index 0.28 Low 
Intensity of Use 9.71 Low 

Connectivity 

Intersection Density 197 Moderate 
Proximity (distance) 
from/to transit stops 41% Moderate 

Non SF uses within the 
service coverage 

23.6% (polygon) 
 9.5% (line) Low 

Pedestrian 
Environment 

Presence of sidewalk 0.52 Moderate 
Pedestrian crossing  0.001 Low 
Block size 0.41 Moderate 

 

Based on the scoring results above, we were able to draw a radar graph, which 

shows an overall picture of the indicators. This graph shows the strengths and weaknesses 

of walkable environments on the site. It also offers some quick suggestions for the 

improvement as well. For MLK Jr. Station, the weakest issue is related to the mixed land 

use. The station’s walkability would be improved by including more variable types of 

land uses in addition to residential uses and vacant uses. The other two categories seem to 
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have a moderate influence on walkability overall except for the two indicators of 

‘pedestrian crossing’ and ‘non-SF uses within service area.’ Thus, in addition to planning 

for more diverse land uses on the site, the site’s walkability could be improved by 

building more pedestrian crossings. 
 

 

Figure 4:  Results of Walkability Assessment for MLK Jr. TOD Zone 



  

64 
 

Conclusion 

This paper assessed walkability in TOD zone which previous walkability studies 

did not consider. In doing so, we develop a walkability index and GIS analytical steps to 

assess walkability in existing TOD areas or to predict the walkability of future TOD sites. 

Leveraging the reliable walkability index we develop, we provide a better solution to 

design a pedestrian friendly TOD and positively affect people’s travel behavior. In 

particular, we (i) reviewed previously proposed variables of walkability assessment, (ii) 

constructed and evaluated a set of attributes suitable for the assessment of walkability in 

TOD, and (iii) applied the attribute set into a real-world TOD zone and analyzed 

walkability in it. By integrating the novel walkability index into TOD, we were able to 

come up with a simple walkability assessment that can be executed by GIS software. The 

spatial analysis on the software, in turn, enables an evaluation of the walkability of the 

TOD zone from various aspects.  

Through the process, however, we encountered unexpected issues in the 

assessment. First of all, while I was working on this project, I realized that only a few 

cities have a rich set of GIS data. In addition to that, only a few cities provide them to 

public for free. In most cases, GIS data related to pedestrian environments are difficult to 

obtain.  

Related to the issue above, many indicators are not considered in this research due 

to issues of lacking data sources. Data such as more specific pedestrian environments—

benches, street lights, trees, etc.—which are key indicators to be considered in assessing 

walkability in a TOD, were not used in this project due to the difficulty of obtaining such 

data.  
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Such data should be created by the city or by smaller administrative units, but 

there is not enough GIS staff to create these detailed data. Without visiting the site and 

observing the environment in person or buying certain data, it is difficult to consider such 

factors in a walkability assessment. To create the data without the on-site observation, 

one could digitize the data using a high resolution satellite image. 

As many walkability studies have proved, the issue of walkability is closely 

related to social issues as well. Sometimes even with a well built pedestrian environment, 

people do not use the place for other reasons. This could be due to a neighborhood’s 

characteristics or to residents’ socio-economic backgrounds. A high crime rate and a 

dangerous atmosphere will prevent people from walking. And people’s decision of “to 

walk or not to walk” is determined by their social backgrounds. Thus, this kind of 

walkability study needs to synthesize quantitative, qualitative, and spatial analysis to get 

more accurate results. 

For a more advanced walkability study, natural (geographical) features such as 

slope and water will need to be considered as well.  

While all distance measurement methods seemed fairly consistent in their ability 

to measure overall changes in access at the neighborhood level, only network analysis 

was capable of providing changes in measures of accessibility at the household level. 

Specific changes at the block or household level would be important in using the 

measures of accessibility to perform a further analysis of equity based on specific 

demographic characteristics of the resident populations. 

The present study found that current street conditions impact accessibility of the 

newly built environment from surrounding areas. Although we assume that the new TOD 
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zone will increase accessibility of surrounding communities significantly, adjacent 

neighborhood plans also need to be conducted at the same time.  

Planners could use this study as an example in planning and approval for future 

TOD developments. Most of the pedestrian street network is studied based on the 

Euclidian coverage methods. As seen in this study, those methods can be misleading: 

e.g., mismatched supply and demand of public transit services. Having a greater number 

of facilities does not necessarily mean greater accessibility for those within the 

neighborhood. 

One future extension of this study is to encompass more criteria of street 

conditions. Moreover, when we consider the street network, the connections between 

other facilities should be considered as well. For example, new streetcar stops two blocks 

apart can influence the network analysis in different ways. For the practical aspects, 

pedestrians’ actual use of the streets need to be considered as well. The question of what 

is accessible may change with different target audiences. For example, a similar study 

may look at the American Disabilities Act (ADA) and use higher standards than the ones 

used in this study to measure accessibility for disabled persons. 
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Appendix 

Table 9: Walkability Variables Used at Previous Research 

# Author(s) Year Walkability Variables Method: GIS? Physical place: 
TOD/Transit Areas? 

1 Appleyard 1981 

Street characteristics: slope, width and setbacks, vegetation, barriers, 
parking, services, and amenities (views and lighting), traffic flow, street 
scale, as determined by street width and the setbacks of surrounding 
buildings 

- - 

2 Booth et al. 2000 Safety, aesthetic - - 

3 Cao et al. 2006 
Self-selection on neighborhood is the crucial factor influencing on 
people's pedestrian behavior / Distance to the nearest store, the 
characteristics of local commercial areas, demographic characteristics 

- - 

4 

Centers for 
Disease 
Control and 
Prevention 

1999 Safety - - 

5 Cerin et al. 1996 Residential density, land use mix, street connectivity, infrastructure and 
safety for walking, traffic load, cul-de-sacs, hilly streets - - 

6 Cervero 1996 
Residing distance from center of city, density, commercial or other 
nonresidential building, distance to grocery or drug store, adequate public 
transportation access, distance to work 

- - 

7 Cervero 2001 

Employment and residential density, proximity to stations, mixed land 
use, and pedestrian friendly environment (sidewalk, grid network), # of 
park-and-ride spaces, and transit service level (of bus, street car, light rail, 
and cable car 

- - 

8 Cervero 2009 Attractive, safe, well-connected, and comfortable walking environments, 
greenways, bus rapid transit lanes, and civic plazas - TOD/Rapid transit lanes 

9 Cervero & 
Gorham 1995 Neighborhood characteristics (Transit vs. Automobile neighborhoods): 

percentage of intersections & cul-de-sacs, net residential density (du/ac) 
Reference maps & street 

pattern maps Transit area in Bay Area 

10 Cervero & 
Kockelamn 1997 Density, Diversity (land use mix), Design (pedestrian environments) Reference map of 

neighborhoods - 
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Table 5: (Continued) 

# Author(s) Year Walkability Variables Method: GIS? Physical place: 
TOD/Transit Areas? 

11 Dill 2003 Distance between office and rail station/retail shops 
Compared scenarios based 

on travel demand and 
forecasting models 

Rail Stations in San 
Francisco Bay Area 

12 Dock & 
Swenson 2002 Density, Diversity, Transit accessibility, Distance between zones – inter-

zonal case - 

Central business district,  
the core area, and inner and 

outer suburban areas 
Minneapolis and St. Paul 

13 Ewing 1996 Proportion of developed land, number of tripped crosswalks, number of 
intersections, grid-like street network - - 

14 Ewing & 
Cervero 2002 Density of development or intensity of land uses, mixing of land use 

types, measures of compactness, density of the street network - - 

15 Ewing & 
Handy 2009 Imageability, visual enclosure, human scale, transparency, and complexity - - 

16 Ewing et al.  1994 Sprawling-type suburbs vs. traditional city neighborhood - - 

17 Ewing et al.  2006 Imageability, visual enclosure, human scale, transparency, and complexity - - 

18 Frank 2000 Density, mix, connectivity and non-motorized travel and transit usage Employment density & 
street connectivity TOD cases 

19 Frank & 
Pivo 1994 % walk to work/shop: employment density at origin/destination, 

population density at trip origin/destination, and mixed land use - - 

20 Giles-Corti 
& Donovan 

2002b, 
2003 Distance to the nearest store - - 

21 Handy 1996b Street networks - - 

22 Handy 1996c Density: the ratio of centerline street kilometers to square kilometer of 
land area/ratio of cul-de-sac to street kilometers Street patterns - 

23 Handy et al. 2002 Presence, condition and continuity of footpaths - - 

24 Hess et al. 1999 

Mixed-use centers w/ more complete site design - street crossings, block 
size, existence of public sidewalk system, completeness of sidewalk, entry 
points, airline distance, route length, route directness, existence of on-
street parking, street system 

Street patterns - 

25 Hess et al. 2001 Block size, land use of the block Land use clustering map - 
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Table 5: (Continued) 

# Author(s) Year Walkability Variables Method: GIS? Physical place: 
TOD/Transit Areas? 

26 Holtzclaw 1994 

Density, access to transit, pedestrian accessibility index: fraction of 
through streets, fraction of roadway below 5% grade, fraction of blocks 
with sidewalks, fraction of traffic-controlled streets, typical building 
setback from sidewalk 

- Transit accessibility in Bay 
Area communities 

27 Humpel et al. 2004 Perceived aspects of the environment, such as aesthetics - - 

28 Kim et al. 2007 Non-physical, that is Socio-demographic elements (full time students, 
higher income riders) 

Mapping the MetroLink 
light rail transit system  

Light Rail stations in the 
St. Louis metropolitan area 

29 Kitamura et 
al. 1997 

Neighborhood variables: sidewalks/bike paths, transit access 
Urban attitude variables: pro-environment, pro-transit, desiring 
automotive mobility 

- Transit access 

30 Kockelman 1997 Accessibility (proximity of jobs, services) of origin and destination zone, 
trip distance, mean land use mix of non-work origin and destination - - 

31 Krizek 2003 

Neighborhood accessibility characteristics (density, land use mix – 
number of employees, and street patterns – block area) and Socio-
demographic info (such as income, number of vehicles, number of adults, 
number of children, and number of employees)  

Compared land uses, street 
networks of neighborhoods - 

32 Leslie et al.  2007 Connectivity, land use attributes, net retail area 
Using objective GIS data, 

test environmental 
attributes 

- 

33 Loutzenheiser 1997 
Distance to station, trip purpose, vehicle availability, race, age, street 
pattern, freeway proximity, mixed land use area, and parking availability,  
distance to retail uses 

- Access to Transit 

34 McNally & 
Kulkarni 1997 Traditional neighborhoods vs. Standard suburban neighborhoods - - 

35 Moudon & 
Lee 2003 

Spatiophysical (roadway characteristics, environment along roadway, 
network, area) , spatiobehavioral (nonmotorized traffic, vehicular traffic, 
safety), spatiopsychosocial (perceptions of environments), and policy-
based (policies affecting environments) 

- - 
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Table 5: (Continued) 

# Author(s) Year Walkability Variables Method: GIS? Physical place: 
TOD/Transit Areas? 

36 O'Sullivan & 
Morrall 1996 Physical distance to LR station & Bus station Walking distance map Light Rail stations in 

Calgary, Canada 
37 Owen et al. 2004 Perceived aspects of the environment, such as aesthetics - - 

38 Pikora et al. 2002 Transit accessibility or distances to facilities, presence of parks and 
recreation facilities 

Estimate the distance 
between the respondent’s 
home (the origin) and the 

destinations 

In Perth, Austrailia 

39 Rodiguez & 
Joo 2004 Natural features such as topography and physical barriers - - 

40 Saelens et al. 2003 Connectivity, employment density, residential density, land use mix, 
urban design - - 

41 Wendel-os et 
al. 2004 Presence of parks and recreation facilities - - 

42 Zhang 2004 Public parking supply, population density at origin, job density at origins, 
population density at destination, and job density at destinations - - 
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