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Re s earc h contex t
Urban policies encouraging pedestrian travel behaviors and reducing auto
dependence are often rooted in smart growth management strategies
• Prospect to moderate travel behavior by physically altering the urban landscape
• Land use mix improves efficiencies and increases local accessibility

Multidisciplinary interest from transport, land use, and public health fields
• Increase active transport mode shares and lower auto use for non-work travel
• Achieve compact urban development and reduce rural land consumption
• Improve feasibility and attractiveness by diminishing physical barriers to walking

Background

Mo t i vati on
Connections between land use mix and walking remain convoluted
• Host of measures to evaluate effectiveness of policies in relation to active travel
• Misguidance from adoption of measures with imperfect theoretical foundations

Research problem
• Practice remains guided by limited theory and empirical evidence to substantiate
land use mix as a transportation performance measure

Research objective
• Provide research and practice with an improved conceptualization and empirical
measure of land use mix and its connection with pedestrian travel behaviors

Background

Re s earc h Q u esti ons
Question 1
• What is the relationship between pedestrian travel and land use mix when the
complementarity, composition, and configuration of local land use types is
considered?

Question 2
• What is the impact of land use mix and other related smart growth features on
pedestrian travel for transportation-related and discretionary trip purposes?

Question 3
• How does operationalizing land use mix and other built environment features at
varying geographic scales influence their hypothesized connection to individual
travel behavior?

Background

O ve r vi ew
Research objective
• Provide research and practice with an improved conceptualization and empirical
measure of land use mix and its connection with pedestrian travel behaviors
Study

1
Study

2
Study

3
Background

An activity-related land use mix construct and its connection to pedestrian travel
Presents a land use mix measure reflecting a conceptually valid set of indictors founded in
activity-based transportation and landscape ecology theory
A pathway linking smart growth neighborhoods to home-based pedestrian travel
Investigates the relative contribution of various smart growth factors on the decision to walk
when assessed in a multidirectional conceptual framework

Operationalizing the neighborhood effects of the built environment on travel behavior
Explores the influence of geographic scale selection when operationalizing built environment
features at each trip end and their connection with travel mode choice

An activity-related land use mix construct and its
connection to pedestrian travel

What is the relationship between pedestrian travel and land use mix when the
complementarity, composition, and configuration of local land use types is considered?

Published. Environment & Planning B. DOI: http://dx.doi.org/10.1177.2399808317690157

Patter n a s pe cts

Study 1

S t u dy 1 ob j e c t i ve s
Land use mix measurement
• Introduce a land use mix measure quantifying both land use composition and
configuration with indicators informed by planning and landscape ecology theory

Connection to pedestrian travel
• Demonstrate the link between land use mix as a multifaceted latent construct
and the travel outcomes of walk mode choice and walk trip frequency

Study 1

D ata a n d st u dy s a mpl e
Land use
• Tax lot data provided by local jurisdictions
• Study area contained 904,398 parcels
• Disaggregated to 65,312,000 66-ft grid cells

• Additional data from secondary sources
• Density: 2010 US Census and 2011 LEHD
• Design: 2011 TIGER files

Transportation
• Oregon Household Travel & Activity Survey
• One-day travel diary collected from 2009-2011
• Sample of 14,264 adults from 8,725 households

Study 1

A n al y ti c p l an
Land use mix measurement
• APA land-based classification standards (function)
• Operationalize indicators at artificial fixed grids
• 1.00-mile grid: 10,250 cells
• 0.50-mile grid: 40,820 cells
• 0.25-mile grid: 163,280 cells

• Confirmatory factor analysis
• Assign predicted factor scores to grid cells

Connection to pedestrian travel
• Estimate impact of mix on walk mode and walk trip frequency
• Compare land use mix construct to entropy index and other
built environment determinants of walking behaviors

Study 1

L a nd u s e mi x me as ure ment
Activity-related Complementarity (composition)
Indicator representing the balance of local land use types
based on derived travel rather than spatial equilibrium

Residential and Retail Patch Richness (composition)
Indicator measuring the number of contiguous residential or
retail landscape patches, normalized by number of patches

Land Use
Mix
Maximum Patch Size (configuration)
Indicator measuring the largest area of adjoining parcels for a
single land use type, normalized by total area

CFA Fit Statistics
0.25: CFI: 0.99 | RMSEA: 0.02
0.50: CFI: 0.99 | RMSEA: 0.06
1.00: CFI: 0.99 | RMSEA: 0.09

Study 1

Contagion Index (configuration)
Indicator representing the interspersion and dissimilarity of
adjacent pixels

L a nd u s e mi x me as ure ment
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S t u dy f i n di ngs
Contributions and results
•
•
•
•

Developed land use mix construct reflecting both land use patterns aspects
Introduced activity-related complementarity measure based on travel demand
Construct was stronger predictor of walk mode choice than entropy index
Construct was also significant predictor of home-based walk trip frequency

Practical implication
• Extended conceptualization of land use mix can inform smart growth and infill
development plans to proper balance of activities needed to achieve walkability

Study 1

A pathway linking smart growth neighborhoods to
home-based pedestrian travel

What is the impact of land use mix and other related smart growth features on pedestrian
travel for transportation-related and discretionary trip purposes?

Published. Travel Behaviour & Society. DOI: http://dx.doi.org/10.1016/j.tbs.2017.02.003

C o n c e ptual f ra mewo r k

Study 2

S t u dy 2 ob j e c t i ve s
Introduce a multidimensional construct of the built environment
• Reflect important tenets of smart growth development
• Offer insight into measurement selection and packaging of different elements

Test framework and method linking this construct to pedestrian travel
• Simultaneously account for various and confounding determinants of walking
• Extend understanding of link between smart growth development and walking

Study 2

S t u dy s a mpl e a n d d ata
Transportation
• Oregon Household Travel & Activity Survey
• Sample of 4,416 households
• Sociodemographic and economic information

Built environment
• Data from secondary sources
• Extensive set of 62 indicators
• One-mile areal buffer at home location
• Distance approximates a 20-min walk

Study 2

A n al y ti c p l an
Built environment measurement
• Zero-order correlation and exploratory factor analyses
• Eliminate associated measures that point toward concept redundancy
• Identify sets of interrelated measures reflecting three built environment dimensions

• Confirmatory factor analysis
• Generate theoretic understanding of internal structure of measures
• Isolate latent constructs of built environment reflecting multiple indicators

Connection to pedestrian travel
• Structural equation modeling
• Examination of the multidirectional links described in proposed conceptual framework
• Simultaneously test for direct and indirect effects of built environment on pedestrian travel

Study 2

C o nf i r mator y fa c to r a nal ys i s

Employment-Population Balance
Land Development Pattern: Land use mix (Composition)

Employment
Concentration

Office Jobs
Land Development Pattern: Density

Retail Jobs
Land Development Pattern: Density

CFA Fit Statistics
CFI: 0.99 | TLI: 0.99

Study 2

C o nf i r mator y fa c to r a nal ys i s

Activity-related Complementarity
Land Development Pattern: Land use mix (Composition)

Employment Entropy
Land Development Pattern: Land use mix (Composition)

Land Use
Mix

Maximum Patch Size
Land Development Pattern: Land use mix (Configuration)

Maximum Patch Size, Agricultural
Land Development Pattern: Land use mix (Configuration)

CFA Fit Statistics
CFI: 0.96 | TLI: 0.91

Study 2

Contagion Index
Land Development Pattern: Land use mix (Configuration)

C o nf i r mator y fa c to r a nal ys i s

Land Use Patches: Retail
Land Development Pattern: Land use mix (Composition)

PedestrianOriented
Design

Connected Node Ratio
Urban Design: Arrangement

Sidewalk Coverage
Transportation System: Infrastructure

CFA Fit Statistics
CFI: 0.99 | TLI: 0.99
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S t r uc tural e q uati on mo d e l
Built Environment
Employment
Concentration

Sociodemographic and Economic
Characteristics
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Land Use
Mix
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0.85
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Design

Travel Behaviors and Patterns
Trip Distance
Walk Mode:
Transportation

SEM Fit Statistics
CFI: 0.85 | TLI: 0.80 | RMSEA: 0.08

Study 2

Walk Mode:
Discretionary

S t u dy f i n di ngs
Contributions and results
• Identified second-order factor describing smart growth neighborhoods
• Modeled link from objective measures to walking in a multidirectional framework
• Smart growth neighborhood strongly predicted household-level decision to walk
for transportation and discretionary trip purposes

Practical implication
• Link between walking and areas with land use mix, employment concentration,
and pedestrian-oriented design can refocus contentious development discussions

Study 2

Operationalizing the neighborhood effects of the
built environment on travel behavior

How does operationalizing land use mix and other built environment features at varying
geographic scales influence their hypothesized connection to individual travel behavior?

Zo n al syste ms

Study 3

S t u dy 3 ob j e c t i ve s
Built environment measurement
• Measure built environment features at varying geographic zones and extents
• Provide insight into the impact of the modifiable areal unit problem

Connection to travel behavior
• Investigate contribution of built environment at each trip end on mode choice
• Explore any connection for home-based work and non-work trip purposes

Study 3

S t u dy s a mpl e a n d d ata
Transportation
• Oregon Household Travel & Activity Survey
• Sample of 3,139 adults from 1,912 households
• Performed 4,745 home-based trips in region

Built environment
• Extensive set of 58 indicators
• Measured at home and trip destination
• Operationalized at 12 geographies

• Secondary data sources

Study 3

A n al y ti c p l an
Built environment measurement
• Operationalize built environment features with varying geographic scales
Zonal System:
Spatial Extent:

Statistical
Block Group
Tract

Artificial
0.25 mile
1.00 mile

Areal Buffer
0.25 mile
0.50 mile
0.75 mile
1.00 mile

Network Band
0.25 mile
0.50 mile
0.75 mile
1.00 mile

Connection to travel behavior
• Explore impact of modifiable areal unit problem: scaling and zoning effects
• Discrete choice analysis
• Estimate HBW and HBNW base models with individual, household, and trip attributes
• Identify combination of zoning system and spatial extent producing significant improvement
• Produce full models with built environment attributes of residence and trip destination

Study 3

Re s ul ts : H ome - bas ed n o n - wo r k t r i ps
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… 2 more predictors

Trip Destination
Patch: Entertain
= Base Alternative

Max patch: Retail
Max patch: Entertain

MNL Model Fit Statistic
Adj. McFadden’s R2: 0.46

Results

… 2 more predictors
Notes: Social characteristics are gender, age, education, work status, hh composition, hh income, and vehicles per driver
Notes: Travel characteristics are time (specific) and cost (generic)

S t u dy f i n di ngs
Contributions and results
• Explored scale and zoning effects on built environment link to mode choice
• Rule 1: Adopt sliding geographic scales for built environment measurement when possible
• Rule 2: Prioritize measurement of built environment at the trip origin
• Rule 3: Operationalize land use mix measures at a more disaggregate spatial extent

• Development patterns at each trip end predicted walk for work/non-work travel

Practical implication
• Scale choice impacts spatial-dependent behaviors, so deliberation must be given
to selecting boundaries at which contextual factors exert their actual influence

Study 3

Conclusions

Re s earc h d i s c uss i on
Main limitations
• Travel behavior data analyzed in this dissertation were cross-sectional
• Research did not explicitly account for statistical bias resulting from self-selection

Important contributions
• Deconstructed and redeveloped land use mix as a multifaceted construct with
indicators founded in activity-based transportation and landscape ecology theory
• Advanced travel behavior research by recognizing and exploring the need for
improved methods to conceptualize and operationalize the built environment

Concluding thought
• How does the built environment influence behavioral processes?

Conclusions
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