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Modeling PrincipleModeling Principle

Develop the least complex representation of a Develop the least complex representation of a 
realreal--world phenomenon which retains the world phenomenon which retains the 
most important elements of behavior required most important elements of behavior required 
to enhance understanding and support to enhance understanding and support 
decisiondecision--making.making.

The essence of travel behavior is its derivation The essence of travel behavior is its derivation 
from the needs/desires of individuals and from the needs/desires of individuals and 
households to satisfy activity participation households to satisfy activity participation 
needs.needs.
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Basis for Enhancements in Activity Basis for Enhancements in Activity 
Based Travel Demand ModelingBased Travel Demand Modeling

Advances in Advances in 
•• Modeling Modeling 
•• Computational and data management capabilities Computational and data management capabilities 
•• Behavioral understanding Behavioral understanding 

Enable the development of enhanced activity Enable the development of enhanced activity 
based models.based models.
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TripTrip--based Approaches to Travel based Approaches to Travel 
Demand AnalysisDemand Analysis

Focuses on independent trips and individualsFocuses on independent trips and individuals
Does not consider relationship between Does not consider relationship between 
activities and tripsactivities and trips
Does not consider timeDoes not consider time--use or time of day use or time of day 
context in which activity/travel decisions are context in which activity/travel decisions are 
mademade



Activity Based Travel Demand Analysis and Modeling: Progress and Prospects 

Frank S. Koppelman

TLUMIP Symposium, 2000

6

ActivityActivity--Based Approaches to Travel Based Approaches to Travel 
Demand AnalysisDemand Analysis

Views travel as a Views travel as a ““derivedderived”” demanddemand
Framework recognizes complex spaceFramework recognizes complex space--time time 
interactions and timeinteractions and time--use context use context 
Focuses on sequences of  activity behavior, Focuses on sequences of  activity behavior, 
with  day (or longer) as the unit of analysiswith  day (or longer) as the unit of analysis
Treats time as a continuous entity including  Treats time as a continuous entity including  
individual timeindividual time--use decisionsuse decisions



Activity Based Travel Demand Analysis and Modeling: Progress and Prospects 

Frank S. Koppelman

TLUMIP Symposium, 2000

7

Activity Based Study ApproachesActivity Based Study Approaches

Time allocation to activity typesTime allocation to activity types

Time and duration of activity episodesTime and duration of activity episodes

Activity pattern analysisActivity pattern analysis
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Conceptual Origins of Activity Conceptual Origins of Activity 
AnalysisAnalysis

Motivation framework Motivation framework -- ChapinChapin
SpaceSpace--time prism time prism –– Hagerstrand Hagerstrand 
Incorporation of varying degrees of rigidity of Incorporation of varying degrees of rigidity of 
constraints constraints –– Cullen and GodsonCullen and Godson
Consideration of individualConsideration of individual’’s perception of s perception of 
action space and action space and ““boundedbounded”” mental mental 
capabilities capabilities –– HeidemanHeideman
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Theoretical Bases for Activity Theoretical Bases for Activity 
AnalysisAnalysis

Motivational theories (psychology and Motivational theories (psychology and 
anthropology) anthropology) -- behavior is dictated by felt behavior is dictated by felt 
needsneeds
Sociological and Planning theories Sociological and Planning theories -- influence influence 
of household structure, roles and of household structure, roles and 
relationshipsrelationships
Economic theories Economic theories -- optimal time allocation optimal time allocation 
based on market and nonbased on market and non--market constraintsmarket constraints
Geographical and urban planning theoryGeographical and urban planning theory
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Develop a Comprehensive Theory of Develop a Comprehensive Theory of 
Activity Pattern AnalysisActivity Pattern Analysis

Integrated theory for time, activity and Integrated theory for time, activity and 
resource allocation among individuals in a resource allocation among individuals in a 
household household 
•• Time Allocation to Activity TypesTime Allocation to Activity Types
•• SchedulingScheduling
•• Tours and Stop AssignmentTours and Stop Assignment
•• Activity and Resource AllocationActivity and Resource Allocation
•• Mode(s) for each tourMode(s) for each tour
•• Joint ActivitiesJoint Activities
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Accommodate InterAccommodate Inter--Individual and Individual and 
Time Interactions in Activity AnalysisTime Interactions in Activity Analysis

Some models treat time as a continuous Some models treat time as a continuous 
entity but exclude interentity but exclude inter--individual interactionsindividual interactions
•• ((e.g.e.g., Bhat and Singh, 1998; Kitamura and Fujii, , Bhat and Singh, 1998; Kitamura and Fujii, 

1996)1996)

Others include interOthers include inter--individual interactions but individual interactions but 
treat time as nontreat time as non--continuouscontinuous
•• ((e.g.e.g., Wen and Koppelman, 1999; , Wen and Koppelman, 1999; Gliebe Gliebe and and 

Koppelman, 2000]Koppelman, 2000]

Need to integrate interNeed to integrate inter--individual interactions  individual interactions  
within a continuos time domainwithin a continuos time domain
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Travel Complexity, Prevalence of  Travel Complexity, Prevalence of  
MultiMulti--Stop ToursStop Tours

1 2 3+
Number 1 43.5%

of 2 20.2% 35.7%
 daily 3 15.6% 21.1% 22.3%
stops 4+ 20.7% 43.2% 77.7%

Total 100.0% 100.0% 100.0%

Number of home-based tours
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Work and NonWork and Non--work Tours by Genderwork Tours by Gender

Non-work tours None Female Only Male Only Female & Male
None 9.1% 12.4% 14.3% 44.2%

Female Only 9.5% 2.8% 48.4% 19.4%
Male Only 12.7% 45.5% 5.3% 16.5%

Female & Male 68.8% 39.3% 32.0% 19.9%
Total 100.0% 100.0% 100.0% 100.0%

Work tours
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Work and NonWork and Non--work Tours by work Tours by 
Gender: No ChildrenGender: No Children

Non-work tours None Female Only Male Only Female & Male
None 9.8% 8.7% 14.9% 43.8%

Female Only 9.8% 4.3% 49.2% 17.5%
Male Only 14.2% 44.3% 7.0% 19.3%

Female & Male 66.2% 42.6% 28.9% 19.3%
Total 100.0% 100.0% 100.0% 100.0%

Work tours
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Work and NonWork and Non--work Tours by work Tours by 
Gender: Children in HouseholdGender: Children in Household

Non-work tours None Female Only Male Only Female & Male
None 7.6% 19.0% 13.2% 44.9%

Female Only 8.8% 0.0% 47.1% 23.2%
Male Only 9.9% 47.6% 2.2% 10.9%

Female & Male 73.7% 33.3% 37.5% 21.0%
Total 100.0% 100.0% 100.0% 100.0%

Work tours
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Activity Pattern Travel Modeling Activity Pattern Travel Modeling 

Activity generation modelsActivity generation models
•• Tours, stops, auto and stop allocationTours, stops, auto and stop allocation

Activity scheduling  modelsActivity scheduling  models
•• Computerized production systemsComputerized production systems

Generation and Scheduling ModelsGeneration and Scheduling Models
•• Daily activity schedule analysisDaily activity schedule analysis
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The Activity Episode Generation and The Activity Episode Generation and 
Scheduling ProcessScheduling Process

Information acquisition Information acquisition 
Use of information/perception in activity Use of information/perception in activity 
participation and location decisions?participation and location decisions?
Decision structure relationships for attributes Decision structure relationships for attributes 
of  activity episodesof  activity episodes
Role of planningRole of planning vsvs. spontaneous decision . spontaneous decision 
making in revealed activity patterns.making in revealed activity patterns.
Challenge: to understand internal mechanism Challenge: to understand internal mechanism 
leading to revealed patternsleading to revealed patterns
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Joint Joint vsvs. Individual Activity . Individual Activity 
ParticipationParticipation

MotivationMotivation
•• Efficiency Efficiency -- task synergytask synergy
•• Companionship Companionship ---- activity is partly or primarily activity is partly or primarily 

socialsocial
•• Altruism Altruism ---- provide ride or supportprovide ride or support

Influencing AttributesInfluencing Attributes
•• EmploymentEmployment
•• Children in householdChildren in household
•• Auto ownershipAuto ownership
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Patterns of Joint ToursPatterns of Joint Tours

Return home Depart
Start of Joint Sequence together separately

Leave home together 75.2% 7.5%
Meet out-of-home 11.2% 6.1%

15.2% of all person tours include one or more activity stops

End of joint sequence
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Household / Individual Utility Household / Individual Utility 
ComponentsComponents

1. Utility associated 
with value of activity 
participation

Total Utility

satisfaction
component

Time

1
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2. Total utility due to 
activity participation 
and household 
consumption effect

1. Utility associated 
with value of activity 
participation

Total Utility

consumption
component

satisfaction
component

Time

1 2

Household / Individual Utility Household / Individual Utility 
ComponentsComponents
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3. Effect of opportunity 
cost of time

2. Total utility due to 
activity participation 
and household 
consumption effect

1. Utility associated 
with value of activity 
participation

Total Utility

consumption
component

satisfaction
component

3

Time

1 2

Household / Individual Utility Household / Individual Utility 
ComponentsComponents
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Joint 
Maintenance

Independent 
Maintenance

Utility

No children

Thj0
* Time

Utility

No 
children

Thi0
* Time

Thj0 Time

λ(T0)

dUhj0
dThj0

Thi0 Time  

λ(T0)
dUhi0
dThi0

Example:  Impact of Young ChildrenExample:  Impact of Young Children
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Example:  Impact of Young ChildExample:  Impact of Young Child

Joint 
Maintenance

Independent 
Maintenance

Utility

No children
One
child

Thj0
* Thj1

* Time

Utility

No 
children

One
child

Thi0
* Thi1

* Time

Thj0 Time

dUhj1
dThj1

λ(T0)

dUhj0
dThj0

Thi0 Time 

λ(T0)

dUhi1
dThi1

dUhi0
dThi0
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Example: Impact of Young ChildExample: Impact of Young Child

Joint 
Maintenance

Independent 
Maintenance

Utility

No children
One
child

Thj0
* Thj1

* Time

Utility

No 
children

One
child

Thi0
* Thi1

* Time

Thj1Thj0   Time

dUhj1
dThj1

λ(T0)
λ(T1)

dUhj0
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Thi0Thi1 Time 
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Pattern Analysis Results: Better Pattern Analysis Results: Better 
Specification of TripSpecification of Trip--Based ModelsBased Models

StopStop--making effect on mode choicemaking effect on mode choice

Accommodating lifecycle, descriptors;  Accommodating lifecycle, descriptors;  
temporal and spatial constraintstemporal and spatial constraints

InterInter--relationships between homerelationships between home--based and based and 
non homenon home--based tripsbased trips
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Pattern Analysis Results: Emergence Pattern Analysis Results: Emergence 
of Comprehensive Activity Modelsof Comprehensive Activity Models

Analyze entire daily activityAnalyze entire daily activity--travel pattern travel pattern 
within the context of a continuous time within the context of a continuous time 
domaindomain

Enable consideration of substitution inEnable consideration of substitution in
•• TimeTime

•• ModeMode

•• PersonPerson

•• LocationLocation
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Modeling SubstitutionModeling Substitution

Mode Choice ExampleMode Choice Example

Light 
Rail

MNL

Bus Auto

NL Model 1

Bus Auto

NL Model 2

Rail Nest

Commuter 
Rail

Commuter 
Rail

Light 
Rail

Bus Auto

LRT-Bus 
Nest

Commuter 
Rail

Light 
Rail

IIA Problem -> Equal Substitution 1. Alleviates IIA problem, but only in part

2. Nesting structure imposes restrictions on substitution    
relationships between pairs of alternatives
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Modeling Substitution (continued)Modeling Substitution (continued)

Generalized Nested Logit (GNL) ModelGeneralized Nested Logit (GNL) Model

Allows alternatives to be assigned to multiple Allows alternatives to be assigned to multiple 
nests in portions to be estimatednests in portions to be estimated

Provides high degree of  flexibility in modeling Provides high degree of  flexibility in modeling 
substitution patternssubstitution patterns

Reduces to MNL (and other GEV models) Reduces to MNL (and other GEV models) 
under appropriate restrictionsunder appropriate restrictions
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Modeling Substitution (continued)Modeling Substitution (continued)

Probability of alternative Probability of nest  
Given nest  choseni

m

iP m
m

⎡ ⎤= ×⎢ ⎥⎣ ⎦
∑

GNL Probability Equations
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Modeling Substitution (continued)Modeling Substitution (continued)
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1 1
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Modeling Substitution (continued)Modeling Substitution (continued)

GNL Model 1GNL Model 1

Light 
Rail

Commuter
Rail

BusLight 
Rail

Auto

Rail 
Nest

LRT-Bus 
Nest

Allows differential substitution between Light Allows differential substitution between Light 
RailRail--Commuter Rail and Light RailCommuter Rail and Light Rail--BusBus
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Modeling Substitution (continued)Modeling Substitution (continued)

GNL Model 2GNL Model 2

Provides increased flexibility over GNL1 by Provides increased flexibility over GNL1 by 
adding nest for all transit alternativesadding nest for all transit alternatives

Light 
Rail

Commuter
Rail

BusLight 
Rail

Auto

Rail 
Nest

LRT-Bus 
Nest

Light 
Rail

Commuter
Rail

Bus

Transit 
Nest
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Implication for Regional and Implication for Regional and 
Statewide Activity ModelingStatewide Activity Modeling

Enhancement of policy analysis (policies Enhancement of policy analysis (policies 
which influence individual/household activity which influence individual/household activity 
patterns)patterns)
•• Urban development and location patternsUrban development and location patterns
•• Transportation service improvementsTransportation service improvements

Improved quality of life analysisImproved quality of life analysis
Improved linkage between state and Improved linkage between state and 
metropolitan area studiesmetropolitan area studies
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Future DirectionsFuture Directions

InterInter--individual interactionsindividual interactions

TimeTime--space interactionsspace interactions

InIn--home and outhome and out--ofof--home activity substitutionhome activity substitution

Household as unit of analysisHousehold as unit of analysis

The decision mechanismThe decision mechanism
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SummarySummary

Substantial progress in empirical research in Substantial progress in empirical research in 
recent yearsrecent years
Activity based travel paradigm is increasingly  Activity based travel paradigm is increasingly  
accepted as the basis for demand analysisaccepted as the basis for demand analysis
Important theoretical and methodological Important theoretical and methodological 
advances still to be madeadvances still to be made

Limited knowledge of the fundamental  Limited knowledge of the fundamental  
mechanism underlying activity pattern mechanism underlying activity pattern 
decisionsdecisions


