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Presenter
Presentation Notes
Exciting world of transformative mobility: autonomous vehicles coming, sharing economy, new apps and t services being introduced every day/week.
Take a behavioral modeling spin on this. 
In particular looking at trends of behavior. Thinking about where we are now, the transformation that is coming, and how we make sure we get to a future with a great transportation system. 
Develop statistical models of behavior. Use for forecasting and understand nudging.



Outline 

• Motivation 
• Travel Behavior Modeling Framework & Gaps 
• Modality Style Models 

– Concept and Formulation 
– Findings 

• Nudging Modality Styles 
• Conclusions 
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Sustainability Needs 

• CO2 emission targets  
– By 2050 be 80% below 1990 levels (CA, Japan, EU, …) 

 

• US      25% of CO2 from transport   15% from passenger cars 
Japan    18%      ‘’        5%   ‘’ 
 

• How to meet GHG reduction goals for transportation? 
– Technology 
– Behavior 

 

• Even most optimistic technology scenarios for 2050  
are insufficient  
(Sager et al., 2011; Dray et al., 2012) 

 

Presenter
Presentation Notes
Technology, fuels, optimization
Growing population, growing urbanization, growing vmt per capita,
Slow turnover of fleet. �Also other issues… congestion, economy, quality of life




Transformative Mobility   

• Clean * 

• App-driven 
• Shared 
• Connected 
• Autonomous 
• Virtual mobility ** 

 
*    JAFOE 2016  
    Energy Storage theme 
** JAFOE 2016  
   3D Printing theme 
 
 

Presenter
Presentation Notes
What potentially can change behavior?

Hell: people driving more (no parking, multitasking), 0 occupancy vehicles
Heaven: Reinvention of transit

How will people travel differently?
New populations access to mobility




“Hang on—I’ll Uber us a school bus.” 
New Yorker, May 2016 
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Presenter
Presentation Notes
New “drivers” kids, elderly, people with disabilities. 
driving without having to worry about parking and being able to multitask. At a price that’s affordable. 



Transformative Time  
for Travel Behavior Analysis 
Critical need 
New travel paradigms here and on horizon 
Tremendous potential from data goldmine* 

 
RESEARCH OBJECTIVE  
To develop behavioral analysis tools  
 that focus on modeling and influencing  
  trends of travel behavior  
to guide transformative mobility towards a more  
sustainable, efficient, and equitable system.  
               

               *JAFOE 2016 Big Data theme 

Presenter
Presentation Notes
Critical need: sustainability, quality of life, economic vitality



Modeling Framework 
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Modeling Framework 

Gaps in Behavioral Modeling 
1. Flexibility around uncertainty of 

future technologies and services 
2. Diffusion of new technologies 

and services 
3. Location, travel, and activity 

behavior conditional on adoption 
4. Effective nudges/policies to 

achieve desired outcomes 
5. Attitudinal and behavioral trends  
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Presenter
Presentation Notes
Doing work on all of these components. In this talk, will focus on attitudinal and behavioral trends. 



Vital Decision Missing in Modeling Framework  
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Mobility Decisions 
residential location, vehicle 

ownership, etc. 

Daily Activity Schedule 
frequency, destination,  

mode, route, time of day etc. 

Network Traffic  
Assignment 

Urban Development 
location of jobs  

and housing types 

The influence of modality styles in the context of a comprehensive 
forecasting model system  (adapted from Bowman, 1995)  

Modality Style 

Vij, Waddell, Walker (2015) 

Presenter
Presentation Notes
Also dynamics
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Models of Travel Behavior 

Traditional Models 
• Trip-based decision 

– Consider all transportation 
alternatives 

– Evaluate time and cost (and other)  
– Make rational decision 

• Limited heterogeneity 

Modality style Model 
• Higher-level decision 

– Lifestyles built around particular 
travel modes 

12 Vij, Carrel, Walker (2013) 

Presenter
Presentation Notes
Transport or getting somewhere is secondary in all of these pictures.
Where they are, what they’re doing, what non-transport benefit they’re getting.
Time and cost is not the focus of any!
Connection with lifestyle: how you see yourself, how you want to be seen. freedom, relaxation, health
Marketers know this!
if we wish to persuade individuals to drive less then it’s imperative that travel demand models too recognize that the decision to use a particular travel mode involves a more fundamental choice between very different and divergent lifestyles.




Latent Modality Style Formulation 

Travel-Related 
Behaviors (B) 

Individual 
Characteristics  (S) 

Transportation and Land 
Use Attributes (Z) 



Modality Style 
(m) 

Latent Modality Style Formulation 

Travel-Related 
Behaviors (B) 

Individual 
Characteristics  (S) 

Transportation and Land 
Use Attributes (Z) 



Latent Modality Style Formulation 

• Latent Modality Style Segments;  
each segment (m=1, … , M) has its own people and behavior 
– Set of transportation alternatives considered 
– Willingness to pay and attitudes 
– Demographic distributions 

• Data mining of travel diary data determines 
– Number of segments       M 
– Behavior of each segment                                    for  m=1, … , M 
– Demographics of each segment 
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1. Inveterate Drivers 2. Car Commuters 3. Moms in Cars 

4. Transit Takers 5. Multimodals 6. Empty Nesters 

1. Produces Meaningful Segments 
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Vij (2013) 

Presenter
Presentation Notes
13% Very low VOT, higher incomes, smaller households
8% Higher VOT, higher income, larger households (kids), employed men
31% multimodal but High VOT means mostly drive, women with kids
7% younger, single, low VOT
9% only class with bike
23% older, no kids in household, moderate VOT



1. Young Urbanists 

4% of the sample population. 

Most likely to be  
young unemployed individuals,  

often students,  
with low household incomes. 

2. Multimodals 

6% of the sample population. 
 

Most likely to be  
single employed individuals  
in households with no kids,  
living in rented apartments,  
with a carshare membership. 

3. Nonworking Suburbanites 

14% of the sample population 
 

Most likely to be 
high income hhs with kids,  
live in single-family homes,  

have on average 2.5 cars,  
and unemployed or retired. 

 
 

2. Explains Interdependencies of Decisions 
Variation in SOCIO-DEMOGRAPHICS 

Vij, Waddell, Walker (2015) 

Presenter
Presentation Notes
7 classes total. 
These three showed greatest contrasts.
Remaining 4 suburb and driving oriented…





Variation in TRIP-CHAINING and TRIP PURPOSES 

1. Young Urbanists 

66% individuals make a 
mandatory tour;  

equally likely to trip chain or not. 

2. Multimodals 

77% individuals make a 
mandatory tour;  

strongly inclined to trip chain. 

3. Nonworking Suburbanites 

Only 1% individuals make a 
mandatory tour;  

equally likely to trip chain. 

 

 

2. Explains Interdependencies of Decisions 
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Variation in MODE CHOICES 

1. Young Urbanists 

Strong preference for walking: 
half of their mandatory tours and 

a fifth of their non-mandatory 
tours are made on foot. 

2. Multimodals 

Drive for half of their tours. 

3. Nonworking Suburbanites 

Drive everywhere. 
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Variation in DESTINATIONS 
2. Explains Interdependencies of Decisions 

1. Young Urbanists 

Attracted to places  
with higher mixed use  
and better walkability. 

2. Multimodals 

Attracted to places  
with higher mixed use  
and less walkability. 

3. Nonworking Suburbanites 

Attracted to places  
with lower mixed use  
and less walkability. 

 
 

Presenter
Presentation Notes
Tried to capture 3D+s of Kockelman and Cervero. 
Diversity (mixed use entropy measure), 
Density (meas with pop density), 
Design (meas with block density; smaller blocks  more walkability)



3. Provides Insights Regarding Behavioral Trends 
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Vij, Gorripaty, Walker (2015) 

Presenter
Presentation Notes
1: earlier in the lifecycle 2: later in the lifecycle
3: all drive for NON-WORK 4: all drive for WORK
5: low value of time  6: high value of time
7: captive transit riders (low income/employment) 8: bikers (high inc, single men) 9: walkers (younger, single)
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Presentation Notes
1: earlier in the lifecycle 2: later in the lifecycle
3: all drive for NON-WORK 4: all drive for WORK
5: low value of time  6: high value of time
7: captive transit riders (low income/employment) 8: bikers (high inc, single men) 9: walkers (younger, single)



4. Critically Impacts Forecasts 
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Scenarios to project beyond 2012 
Modality trends revert back to 2000 levels by 2024 
Modality style distribution remains constant at 2012 levels 
Modality trends observed from 2000 to 2012 continue, but at half the rate 

Vij, Gorripaty, Walker (2015) 

Presenter
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    Introduction of Transantiago 
(shock) 

time = 0 months 

Modality Styles 
 
Transit 1: Bus 
 
Transit 2: Bus/Metro 
 
Transit 3: Metro/Car 
 
The Drivers 
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El Zarwi, Vij, Walker (2016) 
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Transantiago implemented in 2007
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time = 0 months 
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    Introduction of Transantiago 
(shock) 

time = 0 months 

Modality Styles 
 
Transit 1: Bus 
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El Zarwi, Vij, Walker (2016) 
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Transformative Mobility   

• Clean 
• App-driven 
• Shared 
• Connected 
• Autonomous 
 

 
 
 



Changing Modality Styles: 
From Trend Spotting to Trend Setting 
• Quantified Traveler 

– Creating a more mindful traveler 
• San Francisco Bay Area Travel Quality Study 

– Importance of personal experience 
• Intervening on Residential Choice 

– Using psychological theories to shift habits  
• New App-based, Shared Services (Uber, Lyft, Zipcar) 

– Shedding private cars versus shedding transit 
• Adoption of new technologies and services 

– Impact of design, policies, social influences, personalized info 
• Future technologies (Automation) 

– Infer from present-day analogies 
28 

Jariyasunant et al. (2015) 

Carrel et al. (2015) 

Bhattacharyya et al. (2015) 

Schade et al. (current) 

El Zarwi  et al. (2016),  
Nafisi et al. (current) 

Walker et al. (current) 

Presenter
Presentation Notes
Can’t focus on trip-based decisions. Need to focus on higher level modality style
Quantified traveler 2012 (130 UCB affiliates/students, 3 week of tracking. Feedback 
SFBA TQS  2013 (800 SF residents, 6 weeks of tracking, daily survey)
Focalism and Visualisation (web-based, active reveal), happiness too
DriveNow BMW



Conclusions 

• Developing behavioral analysis tools to guide transformative mobility 
• Must concern ourselves with potential heaven or hell outcomes today 

– Key is to model and influence trends 
• Modality style concept is essential 

– Key driver of aggregate travel outcomes 
– Provides ability to model attitudes and trends in travel behavior  
– Behavior change efforts must focus on changing modality styles 

• Ongoing work 
– Studying influence of Uber, Lyft, Zipcar, etc. on modality styles 
– Using present-day analogies to model future technologies (e.g., automation) 
– Experiments nudging towards sustainable modality styles, residential locations 
– Collecting more and better dynamic behavioral data from mobile devices 

 



APPENDIX 
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VMT Trends in the US… peak auto? 

31 

VMT per capita 
Total VMT 

Presenter
Presentation Notes
This is what we have to fight. Preferably NOT with a bad economy and/or high prices.




Modality Style 
(m) 

CLASS-MEMBERSHIP PROBABILITY 
 
 
     that the individual has modality style m  
     conditional on characteristics of the individual S   
       

CLASS-SPECIFIC CHOICE PROBABILITY 
 
 
     that individual chooses behaviors B  
     conditional on alternative attributes Z and        
     modality style of the individual m 

MARGINAL CHOICE PROBABILITY  
 
 
 
     unconditional on modality style m  

Latent Modality Style Formulation 

Travel-Related 
Behaviors (B) 

Individual 
Characteristics  (S) 

Transportation and Land 
Use Attributes (Z) 
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Modality Style 
(m) 

CLASS-MEMBERSHIP PROBABILITY 
 
 
     that the individual has modality style m  
     conditional on characteristics of the individual S   
     and expected benefit of each modality style E  

CLASS-SPECIFIC CHOICE PROBABILITY 
 
 
     that individual chooses behaviors B  
     conditional on alternative attributes Z and        
     modality style of the individual m 

MARGINAL CHOICE PROBABILITY  
 
 
 
     unconditional on modality style m  

Latent Modality Style Formulation 

Travel-Related 
Behaviors (B) 

Individual 
Characteristics  (S) 

Transportation and Land 
Use Attributes (Z) 

Expected  
benefit of each 
modal style (E) 

Vij and Walker (2014) 


	From Trend Spotting to Trend Setting:�Behavioral Analysis to �Guide Transformative Mobility 
	Outline
	Sustainability Needs
	Transformative Mobility  
	“Hang on—I’ll Uber us a school bus.”
	Transformative Time �for Travel Behavior Analysis
	Modeling Framework
	Modeling Framework
	Vital Decision Missing in Modeling Framework 
	Slide Number 10
	Slide Number 11
	Models of Travel Behavior
	Latent Modality Style Formulation
	Latent Modality Style Formulation
	Latent Modality Style Formulation
	1. Produces Meaningful Segments
	2. Explains Interdependencies of Decisions
	2. Explains Interdependencies of Decisions
	2. Explains Interdependencies of Decisions
	2. Explains Interdependencies of Decisions
	3. Provides Insights Regarding Behavioral Trends
	3. Provides Insights Regarding Behavioral Trends
	4. Critically Impacts Forecasts
	5. Predicts Trends via Integration with HMM
	5. Predicts Trends via Integration with HMM
	5. Predicts Trends via Integration with HMM
	Transformative Mobility  
	Changing Modality Styles:�From Trend Spotting to Trend Setting
	Conclusions
	Appendix
	VMT Trends in the US… peak auto?
	Latent Modality Style Formulation
	Latent Modality Style Formulation
	Latent Modality Style Formulation

