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Further Development of MDCEV model
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At home

Total Time 
Budget（e.g.24h）

Working School Escorting Shopping
Entertain-

ment
Traveling Others

• Time use can reflect the relationship between people's quality of life and transportation.

• Help us understand the micro-mechanism of travel demand generation.

• As input information for subsequent modules in ABM.

Time Use in Activity-based Modeling (ABM)
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Time 

Use 

Models 

Fractional Logit Model

Hazard-based Duration Model

Structural Equation Model

Tobit Model

Multiple Discrete-Continuous 

Extreme Value (MDCEV) Model

• Multiple activity participation 

and corresponding durations

• Random utility theory with 

diminishing marginal utilities 

• Time budget constraint

• Efficient estimation

Existing Methods in Time Use
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Traditional MDCEV Model (Bhat, 2008)

max  𝑈 𝒕 = 

𝑘=1

𝐾
𝛾𝑘
𝛼𝑘

𝜓𝑘

𝑡𝑘
𝛾𝑘

+ 1

𝛼𝑘

− 1

s.t. 

𝑘=1

𝐾

𝑡𝑘 = 𝑇 (𝑇 > 0)

𝜓 𝒛𝑘 , 𝜀𝑘 = exp 𝜷′𝒛𝑘 + 𝜀𝑘  

Where：𝜓𝑘—baseline marginal utility；
𝛾𝑘 and 𝛼𝑘—satiation parameters.

             （𝜓𝑘  > 0，𝛾𝑘 > 0，0 < 𝛼𝑘 < 1 for ∀𝑘）

◼ Model Structure (𝑘 is the index of activity type; 

Individual subscript 𝑛 is omitted):
ACT1

Total Time 
Budget（24h)

ACT2 ACT3 ACTnACT4 ACT5 ......

To get maximum utility
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Examples:

• Non-monotonic preferences on consumption has been 

surveyed and confirmed;

• Non-monotonic functions for microeconomic analysis of 

sufficiency economy has been proposed;

• Non-monotonic parabolic utility function to describe the 

relationship between happiness and consumption has been 

proposed.

𝑈 = 𝛼𝑋 + 𝜇𝑌 −
1

2
𝛽𝑋2 + 𝜃𝑌2

Inspirations From Economic Field

Indifference curves (IC)
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Parabolic MDCEV Model

◼ Model Structure (𝑘 is the index of activity 

type; Individual subscript 𝑛 is omitted):

𝑚𝑎𝑥  𝑈 𝒕 = 

𝑘=1

𝐾

−0.5𝜓𝑘(𝑡𝑘 −𝑚𝑘)
2

s.t. 

𝑘=1

𝐾

𝑡𝑘 = 𝑇 (𝑇 > 0）

𝑚𝑘 = 𝜷𝑘
′𝒙𝑘 + 𝜀𝑘  𝜓𝑘 = exp 𝜸𝑘

′𝒛𝑘

Where：𝜓𝑘— opening size parameter；
 𝑚𝑘—extreme point parameter.

（𝜓𝑘  > 0 for ∀𝑘）
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Marginal Utilities

Traditional MDCEV model Parabolic MDCEV model



Traditional MDCEV model Parabolic MDCEV model

Construct the Lagrangian function

ℒ =  

𝑘

𝛾𝑘
𝛼𝑘

 exp(𝛽′𝑧𝑘 + 𝜀𝑘)   
𝑥𝑘
𝛾𝑘

+ 1 
𝛼𝑘

− 1 − 𝜆    

𝐾

𝑘=1

𝑥𝑘 − 𝐵  
2

1 1
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= =
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𝑉𝑘 + 𝜀𝑘 = 𝑉1 + 𝜀1 if 𝑥𝑘
∗ > 0  (𝑘 = 2,3,… ,𝐾) 

  𝑉𝑘 + 𝜀𝑘 < 𝑉1 + 𝜀1 if 𝑥𝑘
∗ = 0  (𝑘 = 2,3,… ,𝐾) 

𝑉𝑘 = 𝛽′𝑧𝑘 + (𝛼𝑘 − 1) ln 
𝑥𝑘
∗

𝛾𝑘
+ 1     (𝑘 = 1,2,3,… ,𝐾) 

*

1 1 1   if 0 ( 2,3, , )k k k kV V t k K   + = +  = 

*

1 1 1   if 0 ( 2,3, , )k k k kV V t k K   + + =  =

*   ( 1,2,3, , )k k k k k kV t x k K  += − = 

Apply the KT first-order conditions for solving the optimal time allocation, 

and get through some transformation:

Where: Where:

Assume that the 𝜀𝑘 of each alternative obeys the Standard 

Gumbel Distribution and independent of each other

 𝑃(𝑥1
∗,𝑥2

∗,𝑥3
∗,… ,𝑥𝑀

∗ , 0,0,… ,0) =    𝑀
𝑖=1 𝑐𝑖    𝑀

𝑖=1
1

𝑐𝑖
  

  𝑀
𝑖=1 e𝑉𝑖
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𝑗=1 e
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Likelihood Function



F U R T H E R  D E V E L O P M E N T  O F  M D C E V  M O D E L

Model Estimation

= න
−∞

+∞

e−𝜀1
2
⋅ e𝜀1

2
⋅ 𝑔(𝜀1) ⋅ෑ

𝑖=2

𝑀

𝑔 𝜓𝑖
−1 𝑉1 − 𝑉𝑖 + 𝜓1𝜀1 ⋅ ෑ

𝑠=𝑀+1

𝐾

𝐺 𝜓𝑠
−1 𝑉1 − 𝑉𝑠 + 𝜓1𝜀1 𝑑𝜀1

න
−∞

+∞

𝑔 𝜀1 ⋅ෑ

𝑖=2

𝑀

𝑔 𝜓𝑖
−1 𝑉1 − 𝑉𝑖 + 𝜓1𝜀1 ⋅ ෑ

𝑠=𝑀+1

𝐾

𝐺 𝜓𝑠
−1 𝑉1 − 𝑉𝑠 + 𝜓1𝜀1 𝑑𝜀1

≈

𝑖=1

𝑛

𝑤𝑖 ⋅ e
𝑥𝑖
2
⋅ 𝑔 𝑥𝑖 ⋅ෑ

𝑖=2

𝑀

𝑔 𝜓𝑖
−1 𝑉1 − 𝑉𝑖 + 𝜓1𝑥𝑖 ⋅ ෑ

𝑠=𝑀+1

𝐾

𝐺 𝜓𝑠
−1 𝑉1 − 𝑉𝑠 + 𝜓1𝑥𝑖

Where：𝑥𝑖— the node of the Gauss−Hermite quadrature；
𝑤𝑖— the weight of the Gauss−Hermite quadrature;
𝑛—the number of nodes and weights needed.

Parabolic MDCEV model
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𝜓𝑖
𝑡𝑖
∗

𝛾𝑖
+ 1

𝛼𝑖−1

= 𝜆,  𝑡𝑖
∗ > 0

Model Simulation

If ‘i’ is a chosen alternative and ‘j’ is not a chosen alternative.

𝜓𝑗 < 𝜆 < 𝜓𝑖

−𝜓𝑖 𝑡𝑖
∗ −𝑚𝑖 = 𝜆, 𝑡𝑖

∗ > 0

−𝜓𝑗 𝑡𝑗
∗ −𝑚𝑗 < 𝜆, 𝑡𝑗

∗ = 0

𝜓𝑗𝑚𝑗 < 𝜆 < 𝜓𝑖𝑚𝑖

KT conditions

Traditional MDCEV model Parabolic MDCEV model

𝜓𝑗
𝑡𝑗
∗

𝛾𝑗
+ 1

𝛼𝑗−1

< 𝜆,  𝑡𝑗
∗ = 0

(Pinjari and Bhat, 2011)
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Model Simulation

Parabolic MDCEV model
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Simulation Experiments

𝑚1 = −0.5 + 0.2𝑥1 + 𝜀1

𝑚2 = −1.5 + 1.0𝑥2 + 𝜀2

𝑚3 = −1.0 + 0.4𝑥3 + 𝜀3

𝑚4 = 0.6 − 0.4𝑥4 + 𝜀4

𝜓1 = exp 1.0 + 0.6𝑧1

𝜓2 = exp 1.5 + 0.5𝑧2

𝜓3 = exp −0.8 + 1.0𝑧3

𝜓4 = exp 0.3𝑧4

𝑥1, 𝑥2, 𝑥3, 𝑥4 ~ U(0,10);  𝑧1, 𝑧2, 𝑧3, 𝑧4 ~ U(0,1)

𝑇~U(0,24);  𝜀1, 𝜀2, 𝜀3, 𝜀4 ~ G(0,1)
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Case Study

• Data source: 2019 American Time Use Survey (ATUS)

• Research scope: time use of weekend outdoor non-
mandatory activities

• Activity classification: shopping, socializing, recreation, 
personal and household affairs

• Number of cases: 4413

• Variables selected: individual and household 
demographics
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Variable Effects

◼ 𝑚𝑘 Component

𝑈𝑘 = −0.5𝜓𝑘(𝑡𝑘 −𝑚𝑘)
2

𝑚𝑘 = 𝜷𝑘
′𝒙𝑘 + 𝜀𝑘

𝐸(𝑚𝑘) = 𝜷𝑘
′𝒙𝑘

➢ The larger the value of 𝑚𝑘, the larger the expected 

value of time allocation.
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Variable Effects

◼ 𝜓𝑘 Component

𝑈𝑘 = −0.5𝜓𝑘(𝑡𝑘 −𝑚𝑘)
2

𝜓𝑘 = exp 𝜸𝑘
′𝒛𝑘

➢ The larger the value of 𝜓𝑘, the steeper the utility 

curve, indicating satisfaction or boredom is more 

easier to arise.
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Traditional MDCEV model Parabolic MDCEV model Future MDCEV model

Further Work

Marginal utility curves:
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Further Work

episode 
2

episode 
n

At 
home

Working School Escorting Shopping
Entertain-

ment
OthersTraveling

.

.

.

.

.

.

Total Time 
Budget（24h）

episode 
1

episode 
2

episode 
2

episode 
3

To get maximum utility

• To take a single activity episode as an alternative in the MDCEV model framework. The model should allocate
time to each episode of different activity types but not to each activity type.

• The frequency of all kinds of activities and the duration of each episode can be obtained simultaneously.

• Provide information for downstream travel behavior choices, such as travel mode, destination and route, etc.

episode 
1

episode 
1

episode 
2

episode 
1

episode 
2

episode 
1

episode 
2

episode 
1

episode 
1

episode 
1

episode 
2



Comparisons between MDCEV and OASIS 



Features MDCEV OASIS

Model Structure

Principle Constrained optimization problem with random utility theory

Input
Individual and household attributes; Model 

parameters; Error terms

A set of considered activities with locations and 

transport modes; Scheduling preferences; Activity 

flexibility; Model parameters; Error terms

Output Time allocation of different activities Activity schedule for whole day

Modeling    

Dimensions
Activity participation; Activity duration，
Activity frequency; Chronological order of 

episodes from the same activity category

Activity participation; Activity start time; Activity 

duration; Activity frequency; Activity sequence; 

Activity location; Travel mode; Travel time

Utility Function Non-linear Linear

Explanatory    

Variables
Individual and household attributes Activity-travel attributes

Choice Set All activity categories All valid schedules

Model Estimation Maximum likelihood estimation Maximum likelihood estimation relied on  

sampled choice set

Model Simulation Specific algorithm by certain rules Standard mathematical programming algorithm

Model Extension In-home activities; Household level; Different distributions of error terms; Random coefficients

Research Focus
Exploring time allocation mechanism by 

sophisticated utility functions; Describing 

influence factors by estimation results

Exploring daily scheduling mechanism by 

integrating all dimensions; Capturing trade-offs 

between different choices by model simulation

Comparison List



Where：𝜓𝑘—baseline marginal utility；

𝛾𝑘 and 𝛼𝑘—satiation parameters.
             （𝛾𝑘 > 0，0 < 𝛼𝑘 < 1）

Where, the decision variables are：

𝜔𝑎—Whether activity a is selected;

𝑧𝑎𝑏—Whether activity b is after a;

𝑥𝑎—Start time of activity 𝑎；

𝜏𝑎—Duration of activity 𝑎；

α𝑎
m—Whether private mode m is 

available for activity a.

MDCEV OASIS 

（𝜓𝑘  > 0, 𝜓 𝒛𝑘 , 𝜀𝑘 = exp 𝜷′𝒛𝑘 + 𝜀𝑘 ）

Model Structure—Principle



MDCEV OASIS 

Input:

Output:

Model Structure

• Individual demographics: age, sex, 
education, etc.

• Household demographics: household size, 
household income, etc.

ACT1

Total Time 
Budget（24h)

ACT2 ACT3 ACTnACT4 ACT5 ......

Input:

Output:



MDCEV OASIS 

Model Structure——Utility Function



MDCEV OASIS 

Model Structure

Explanatory Variables:

Choice set:

Explanatory Variables:

Choice set:

• Individual demographics: age, sex, 
education, etc.

• Household demographics: household size, 
household income, etc.

Working

Total Time 
Budget（24h)

Shopping
Personal 

affairs
Socializing At home Recreation

• Activity specific attributes: participation cost, etc. 

• Travel specific attributes: travel cost, travel time, 
etc.

……



Model Estimation

MDCEV OASIS 

ℒ =  

𝑘

𝛾𝑘
𝛼𝑘

 exp(𝛽′𝑧𝑘 + 𝜀𝑘)   
𝑥𝑘
𝛾𝑘

+ 1 
𝛼𝑘

− 1 − 𝜆    

𝐾

𝑘=1

𝑥𝑘 − 𝐵  

 𝑃(𝑥1
∗,𝑥2

∗,𝑥3
∗,… ,𝑥𝑀

∗ , 0,0,… ,0) =    𝑀
𝑖=1 𝑐𝑖    𝑀

𝑖=1
1

𝑐𝑖
  

  𝑀
𝑖=1 e𝑉𝑖

   𝐾
𝑗=1 e

𝑉𝑗  
𝑀 (𝑀− 1)! 

Maximum likelihood estimation
Maximum likelihood estimation

based on sampled choice set

M-H algorithm



Model Simulation

MDCEV OASIS 

KT 

conditions

If ‘i’ is a chosen alternative and 

‘j’ is not a chosen alternative.

𝜓𝑖
𝑡𝑖
∗

𝛾𝑖
+ 1

𝛼𝑖−1

= 𝜆,  𝑡𝑖
∗ > 0

𝜓𝑗 < 𝜆 < 𝜓𝑖

𝜓𝑗
𝑡𝑗
∗

𝛾𝑗
+ 1

𝛼𝑗−1

< 𝜆,  𝑡𝑗
∗ = 0

Where： 𝜔𝑎, 𝑧𝑎𝑏 , 𝑥𝑎 , 𝜏𝑎, α𝑎
m

are decision variables.

Specific algorithm by certain rules

Standard mathematical 

programming algorithm



Model Extension

MDCEV OASIS 

In-home activities: In-home activities:

In-home 
social

Total Time 
Budget

In-home 
recreational

Out-of-home 
social

Out-of-home 
recreational

Out-of-home 
shopping

Household level:

Household level:

Error terms and parameters:

𝜀𝑘~𝑁(0,1) 𝛽𝑘~𝑁(𝛽0
𝑘 , 𝜎2)



Features MDCEV OASIS

Model Structure

Principle Constrained optimization problem with random utility theory

Input
Individual and household attributes; Model 

parameters; Error terms

A set of considered activities with locations and 

transport modes; Scheduling preferences; Activity 

flexibility; Model parameters; Error terms

Output Time allocation of different activities Activity schedule for whole day

Modeling    

Dimensions
Activity participation; Activity duration，
Activity frequency; Chronological order of 

episodes from the same activity category

Activity participation; Activity start time; Activity 

duration; Activity frequency; Activity sequence; 

Activity location; Travel mode; Travel time

Utility Function Non-linear Linear

Explanatory    

Variables
Individual and household attributes Activity-travel attributes

Choice Set All activity categories All valid schedules

Model Estimation Maximum likelihood estimation Maximum likelihood estimation relied on  

sampled choice set

Model Simulation Specific algorithm by certain rules Standard mathematical programming algorithm

Model Extension In-home activities; Household level; Different distributions of error terms; Random coefficients

Research Focus
Exploring time allocation mechanism by 

sophisticated utility functions; Describing 

influence factors by estimation results

Exploring daily scheduling mechanism by 

integrating all dimensions; Capturing trade-offs 

between different choices by model simulation

Comparison List



Thank you for listening!
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