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Background
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The larger context

• link to many grand problems of our society (e.g, 
energy consumption, air pollution, obesity, and 
quality of life…) 

• matter directly individuals’ upward “mobility” 

• addressing these issues must engage human 
factors
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3 charges

• Provide guidance on the kinds and scale of 
policies needed 

• Quantify the effect of policies 

• Identify factors and mechanisms that fundamentally 
influence the course of a phenomenon
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Major sub-fields

• movement patterns 

• model development 

• behavioral factors
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macro-level demand models

O-D by mode and time of day

macro-level network assignment

micro-level vehicle interactions
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Data
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Household travel surveys
• data of active solicitation

• available at the national level and many metropolitan levels 

• most often, cross-sectional survey (many subjects but one time 
point) 

• contains three modules 

• household and person related (socio-demographics) 

• trip related (typically for 24 hours, or one day) 

• vehicle related
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Household travel surveys
• Sampling 

• randomly selected from geographic subareas within the study 
region 

• oversampling typically done at subarea level or for specific 
populations 

• non-probability sampling as an option 

• recruitment: first-class mail or telephone 

• data retrieval: online instrument, paper-based, CATI 

• GPS subsample sometimes available
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show an example diary
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Emerging data sources
• data of passively generated

• mobile phone data 

• CDR  

• sightings 

• social media data 

• transit smart-card data 

• taxi data
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Call Detail Record

Number_1 Number_2 Call type Date Time Duration 
(sec)

J188760 02 07-21-07 00:20:12 2
J077553 J125738 07-21-07 00:00:38 238

J394476 01 07-21-07 00:13:06 22
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X Y ID TIME DURATIO
N (sec)

195925 32464 J000001 82141 81

195925 32464 J000001 82456 75

195018 31555 J000002 82100 140



Sightings data
ID TIMEa LOCATIONb

3X35E90 1319242582 34.044162|-112.454400

3X35E90 1319242583 34.044059|-112.455550

3X35E90 1319301785 34.044392|-112.453519
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Some differences

• temporal resolution 

• spatial resolution 

• user interactions

19



20



21



22



Concepts and 
measurements
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Household travel 
surveys
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Travel as a derived 
demand
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What is a trip?
• A movement between two activity locations 

• Definition of a trip depends on the definition of “what is an activity” 

• kinds of activity and purposes 

• duration 

• effort required to undertake the activity (e.g, physical or monetary) 

• group size and composition 

• urgency of activity 

• etc.
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Passively generated 
mobile phone data

28



Oscillation
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From traces to locations
Methods 

• frequency-based 

• clustering 

• distance based 

• time based 

• density based 

• model-based
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Inferring types of locations

Methods 

• frequency-based 

• behavior-based 

• model-based
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Inferring mode and route 
choices

Route choice 

• use intermediate points between O-D 

• not use intermediate points (apply assignment 
techniques) 

Mode choice 

• speed-based
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Validation: nearly 
NONEXISTENT

A FEW EXAMPLES 

• comparing two different populations 

• comparing between different scales (individuals vs 
regional levels) 

• comparing the same sample, the same level 
(individual levels), using a simulation dataset
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Movement patterns

36



Results from TB literature
• habitual or routine behavior 

• rhythmic patterns 

• variability 

• equilibrium of behavior 

• dynamics 

• variety seeking
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(Ir)regularity in travel 
behaviors

What has been measured? 

• daily trip rates 

• daily trip distances 

• action space 

• activity time use 

• unique trip sequences 

• similarity indexes

significant repetition 
 and variation
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Susan Hanson et al (1980s)

• habitual and routine behavior dominates 

• developed similarity indexes that reveal little 
similarity in the behavior of a single traveler on 
different days
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Total behavioral variability

Interpersonal variability Intrapersonal variability

explainable  
variability

explainable  
variability

random  
variability

random  
variability

Pas, 198741



Mahmassani et al (1990s)

• day-to-day dynamics on departure time choice, trip 
training and route choice 

• stronger propensities for changing route choices 
than departure time choices
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Axhausen et al (2000s)
periodicity
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Axhausen et al, 201044



Axhausen et al, 201045



Spatial behaviors

• destination choices, and 

• the broader spatial opportunities
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Hagerstrand’s 3 constraints

• capacity 

• coupling 

• authority
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Hagerstrand, 198250



Kwan, 199951
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Schonfelder, 200653



long-term
- residential location 
- job location 
- transit pass purchase 
- vehicle transactions

short-term
- activity type 
- mode choice 
- destination choice 
- activity duration 
- departure time 
- route choice 
- scheduling and rescheduling54



Measurement of human 
activity space

• enumeration of trips and/or unique locations 

• continuous representation of use of spaces
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Schonfelder and Axhausen, 201056



Schonfelder and Axhausen, 2010
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Dispersion of locations 
visited

Schonfelder and Axhausen, 201058



Kernel densities by day of 
the week

Schonfelder and Axhausen, 201059



Schonfelder and Axhausen, 201060


