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Kﬁa!ytical Methodology: The State-of-Practice
“Apxproach, “Four-Step” Model System
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Crlthue of the Trip-based Approach:
. Measurement & Modeling

\\,.%;\
e

The trip-i;“asgd method views this person’s travel as:

.
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One Home-based Other trib“‘*»%_\ Four Non home-based trips

Drive " - Drive

One Home-based Shop trip

Drive




Crlthue of the Trip-based Approach:
. Measurement & Modeling
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Example 1: Effec;f“bfv;l'ransit Improvements

Drive Alone




Crlthue of the Trip-based Approach:
N Measurement & Modeling
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Example 2: Effec%?t%‘ta:f,;l'ransit Improvements (alternate responses)




Crlthue of the Trip-based Approach:
. Measurement & Modeling
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Example 3: Air (Si}ajjmty Effects




Crlthue of the Trip-based Approach:
- Measurement & Modeling
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Example 4. InteFi“*pe_Qsonal dependencies and Indirect effects
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Pick-up ch|Id




Contrastmg Trip-based and Activity-based Methods:

Summary of Conceptual Differences
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Trip-based
s
N

Individual trip is the unit of
analysis N

Internal consistency of the travel
pattern NOT guaranteed

Impacts of personal and
household constraints not
captured

Time-of-day of travel is not
captured adequately

i,
N

N
-

Activity-based

Activity-travel pattern is the unit of
analysis

Ensures internal consistency of the

%"“‘%«activity travel pattern

AccOmmodates the impacts of
various CQnstralnts on activity-travel
decision mékmg

Models travel W|thm the context of
overall daily time- use (both durations

and time-of-day) /
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CO;ﬁi:ra;&mﬁsting Trip-based and Activity-based Methods:

'N/'%“ngmary of Modeling Differences
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Trip-based Activity-based
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Number of HB and NHB trip'sx“‘%\ Generation and sequencing of
activities

by
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Zonal-level trip attractions & gravity I:Bxeqfcion of activity participation
model for trip-end locations %““%
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Mode for each trip Mode for linked fFi“”ps%(tours)
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Time of day using peak and off- Duration and timing ofy_tf iti
peak factors travel E




Activity-based Modeling Methods

Unlike thg“trig-based approach, there is no one single activity-based
modeling methodology....

v CEMDAP (Dallas),

FAMOS (Tampa Bay),
TranSIMS (Portland),
TLUMIP (Oregon),
ALBATROSS (Dutch ministry of transport),
ARC (Atlanta),
TASHA (Toronto),

SACSIM (Sacramento),

New York Model,

Columbus Model, and

v
v
v
v
v
v
v
v
v
v

Denver Model




Modeling Household

Inter-personal Interaction
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Is the Inter-personal Interaction a matter within
““M a Travel Demand Framework?
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U Household merﬁbers often interact with each other during their daily
activity- and travel- rglaigd decision-making process

U The decision-unit is the |nd|v1dual not the household

QO Individual-level models are mcapable of handling those complex
responses (split into individuals, yet stm mterrelated)

QO Individual-level models could over-estlmate t‘ravel demand (i.e., joint case)

0 Joint activity participation and shared rides are outqomes of interacted

decision-making

- 1/3 ~ 2 of observed weekdays tours involved intra-houseﬁ“&p@t\ipint
(Vovsha et al, 2003) .




Data Compromising: Sample Break-down
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U Florid add-on sé“mp%[es from 2009 National Household Travel Survey

T

(HNTS) is used. N

O Limiting to “Social- Recreatlmglal tour purpose

‘m%

0 Removes the households while compromlsmg samples if:

v Whose members are not completély mterwewed
v" A tour was not started either at home orback to home
v" Missing key variables (such as income, travektlme records, trip

purposes, and trip mode chosen, etc.)




Data Compromising:

i,

S;%Ib,x\_%_Fully Joint and Partial Joint Tours

O Tour types: SOISFIE%IIy joint, and Partial joint tour by considering time
and space, and trave%i%’pa%[%ties
O A “Fully joint tour” must hac'é~e-tg_e same travel parties, travel time

records, and the same locations ngr the entire trip chain
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%“““D%ata Compromising: Applicable samples
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O Used FIorié’é\Qdd-on data from 2009 National Household Travel Survey

s
e

N
Y
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14,327 HHS  pmme 9,324 HHs & their composition:
« Single-person: 25.3% (2,634 HHs)
* Two-person: 55.4% (5,167 HHs)
« Three-person: 10.3% (958 HHs)
* Four+-person: 6.0% (565 HHs)

—— Vv
53.7% (2,570 HHs) with 46.3% (2,215 HHs)
at least a worker without any worker /

0 8,298 (26.8%) social-recreational tours (out of 30,984 tours): - ;<

6577 (79.2%) solos, 1523 (18.4%) fully joints, 198 (2.4%) partial joint touf@--%._%
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Data Compromising: Applicable samples

Alternatives Descriptions Number of HHs Percent
"““‘*-»k,% 000 No social-recreational tour 2565 53.61
001 1 joint tour | 269 | 5.62
002 2 joint | 23 | 0.48
010 1 female-solo tour | 548 | 11.45
011 N 1 female-solo & 1 joint | 29 | 0.61
012 A 1 female-solo & 2 joint | 2| 0.04
020 N 2 female-solo | 78| 1.63
021 . 2female-solo & 1 joint | 5| 0.10
100 .. 1 male-solo tour | 558 | 11.66
101 “1.male-solo & 1 joint | 42 | 0.88
102 1 male-solo & 2 joint | 4 | 0.08
110 1 male-solo & 1 female-solo | 354 | 7.40

111 1 male-solo & 1 female—solonéi'%l%\joint 26 0.54

112 1 male-solo & 1 female-solo & 2 jai%htﬁ, 1 0.02
120 1 male-solo & 2 female-solo | 70 1.46

121 1 male-solo & 2 female-solo & 1 joint o 3 0.06
200 2 male-solo 2.26
201 2 male-solo & 1 joint 0.10
210 2 male-solo & 1 female-solo 9| 1.23

211 2 male-solo & 1 female-solo & 1 joint 0.08
220 2 male-solo & 2 female-solo x@@j

221 2 male-solo & 2 female-solo & 1 joint

227 2 male-solo & 2 female-solo & 2 joint
Total




%“‘Mpdel Specification: Overall Approaches
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O Two broad “approaches to operate inter-personal interactions within a
choice-modeling ﬁ‘amework based on a decision-making unit (i.e., entire
household or each hOUthoId member), and a choice set must be
identical regardless of the“c(eusmn making unit

0 Household-based models
Multinomial logit (MNL) %'

Multi-linear logit (MLL)

U Household member-based models
Multivariate ordered probit (MOP)

Parallel constrained choice logit (PCL)




M;“k’deml Specification: Sets of Choice Alternatives
~_based on decision-making unit

%<\"'<>».,l_$

O “Household-ﬁgs/eg”: 8 choice alternatives {N, M, F, J, MF, MJ, FJ, MFJ}

Activity -
Participation N MF MJ FJ MFJ
pattern ™

Worker-households (2,570)

Number of 1,469 353 358 115 226 18 15

households  (57.2%)  (13.7%)  (13.9%) (4.5%)  (8.8%) (0.7%)  (0.6%)

Non-worker-households (2,215) “m

<, -
.

Number of 1,096 313 268 177 286 S 33 20

S

households  (49.5%) (14.1%)  (12.1%) (8.0%) (129%)  (1.5%)  (0.9%)

S= Solo social/recreational activity by either male or female




Model Speclflcatlon' Sets of Choice Alternatives
based on decision-making unit

29
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o

Household: Female-solo activity (F)

Alternative “010” : ' ivi
ernative “010 ‘Male-adult: No social-recreational activity (N)

Female-adult: Solo activity (F)

.
.
",

Household?‘Bch-solo & Joint activity (MFJ)

AI . 78 b}
ternative "111 Male-adult: Solo & Joint activity (MJ)

Female-adult: Solo & J@Jnt act|V|ty (FJ)

'”m

O 8 choice alternatives at “Household-based”: {N, M, F, J MF MJ, FJ, MFJ}
0 3 choice alternatives at “Household member-based”: {N, Solo%J} /

-

\
N 22




Model Specification: MNL Model
(Household-based)

0 MNL model“\»dlrectly express the household utility as a function of the
relevant explanatory factors including the characteristics of each of the
household members

",
S,
=

Ul = a; + Bu X + £

exp (UM

Pri(i) =
Yiexp (U])

B = Coefficients corresponding to the kth attribute of alternatlve Iin
household h.

[1;" = Residual error to the alternative i for household h.




Model Specification: MLL Model
(Household-based)

O MLL modehrepresents group decision-making behavior. The household
utility for an altern‘atlve is constructed as a weighted sum of the individual’'s
utilities and their palr-WJse products (Keeney and Kirkwood,1975)

h _..h h_. h_.h h
WIIWZIL W unuz: ui

Ul = a; + whuh, + wiug;, + A(whwhuh ul) + &
mm) |ff w "= w/ & 7=0 then, collapse to the MNL model

Ek ﬁmthmtk
w,," = male’s weight parameter for

household h
exp (X BmiX11 uh = utility of male to alt. i for householé'h

— h
1 +exp QiBmiXmy) A = interaction parameter
=

Ekﬁflkxflk




~ Model Specification: PCL Model
. (Household member-based)

O PCL modewl\%represent each decision maker’s decisions simultaneously
by constraining be’tween joint and independent activity participations, and
by ensuring that predlcted shares of joint activity outcomes be the same
for both decision makers KJohn Gliebe & Frank Koppleman, 2002).

Male F@z:[!ale
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eVl + eVsi + eVs

Pr(NM) = (Pryy|Solo) x Pr(S)
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- Model Specification: MOP Model
. (Household member-based)
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O MOP model:. spllts each decision maker’s choices explicitly and combines
their choices by m‘te(relatlng to represent a joint decision-making process

\z.
-

o — Male-Solo Activity= {N, S}”

Male’s Activity Patterns= {N, S Y . Female-Solo Activity= {N, S}

Female’s Activity Patterns= {N, S, J} : -
0N Joint Activity= {N, J}

Pr(i,,i'si";) = Pr(Uy, = 0,U} > 0,U} = 0)
= Pr{ﬁmkxmk+ Em = 0, Brpxpp+ &> 0, Bixjp+ £ > ﬂ)
= Pr(ey > —BmiXmik &5 > —BXpre & = —BjkXjx)

fﬂmkxmkf-ﬂkamf—ﬂ kxka(gm!sﬁgﬁ pmflpmj’pfj}dﬁ‘mdﬁfdfj

m{ EmEfEjs Pmfs ijgpﬂ}dﬁm dﬁfi‘iﬁj
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Analy5|s Results: Summary Statistics of Key
) Variables

‘5.%.
N
-
N
>,

.

a7z explanatorv%'“variables used in modeling:

“‘“«».
x

3 socio-economic descrlptors (household income, vehicle share, age by
gender) .

~
“‘».

2 specific activity type engagement descriptors (mandatory activity,
maintenance activity) N

1 temporal descriptor (day of traveleaﬁ“m%

2.{\%

1 weather condition descriptor (rained or na’t).%




Analy5|s Results: Summary Statistics of Key
Variables

Worker-Households Non-worker households

Variables

Household Characteristics
Household income (1-18, $ 5K mtqrval )
Presence of children
Child (age<4)/No child
Vehicle share (vehicle/driver)
Vehicle Share <1 / Vehicle Share =1

Member Characteristics

Age
Male
Female

Daily duration of hours for maintenance activities
Male
Female

Daily duration of hours for discretionary activities
Male
Female

Whether engaged in maintenance activities
Yes/No (male)
Yes/No (female)

Number of observation (households)

Mean

13.09

0.09/0.91

0.08/0.92

56.60

w%k.&w&_;.y 55 . 1 5

",
"
™
o,
5

062

0.80

1.05
1.00

0.53/0.47
0.58/0.42
2,570

Mean

10.14

0.00/1.00

0.29/0.71

068032
2,215




Analyms Results: MNL Model for Worker-
N households

-

Q 20% samﬁi‘és leave for model validation tests through the modeling

(defined “Other” as a base case)

MF (both

N(none) M (maleonly) F (female only) J (joint only) independ.)

N
o
w%.w

Variable Param. t—§fat% Param. t-stat Param. t-stat Param. t-stat Param. t-stat
Constant 3.165 12.84 %‘%._51_.479 6.23 1.455 4.79 1.263 5.20 1.041 4.51
Household (HH) characteristics *m_x

HH income -0.055 -4.96 > " -0.029 -1.87

Age of male

Age of female

Engagement of specific activity type -

Mandatory activity of male : : 0.579 212 1.487%'*5.5_16 0.547 1.86
Mandatory activity of female : : 0.662 3.96 . -0.842 -2.49

Maintenance activity of male

Maintenance activity of female -0.578 -4.37 —O.">35§% -1.65

Day of traveled "

On a weekday . . 0683 275 0.635 2.58

Weather condition on traveled date

Rained : : 1.340 2.51 0.878 1.64 1.365 2.15




Analy5|s Results: MLL Model for Worker-
households

o

N (none) M (male only) F (female only) J (joint only) MF (both solo)
Param. t-siat Param. t-siat Param. t-stat Param. ft-stat Param. t-stat
Constant 2167 704 1921 867 1030 533 1693 671 1265 627
Household (HH) charactenstics
HH income
Age 0019 286
Engagement of specific activity type
Mandatory activity 2132 548 1125 288 2892 646 1064 244
Maintenance activity
Day of traveled
0On a weekday
Weather condition on date traveled date
Rained
Household (HH) charactenstics
HH income
Age
Engagement of specific activity type
Mandatory activity 3.360 : 2644 553 1272 2.41
Maintenance activity -0.685 . 1921 476 -1.501 225
Day of traveled
On a weekday
Weather condition on date traveled date
Rained

Vanable

™
©
©
"y
-
©
=

Female-head

Variable for weight parameter of member in joint decision
Full-time job 0771 308
Intra-household interaction 0278 -333




Analy5|s Results: MNL Model for Non-Worker-
households

MF (both

N (none) M (male only) F (female only) J (joint only) independ.)

Variable T%{gm. t-stat Param. t-stat Param. t-stat Param. t-stat Param. t-stat
Constant 3.1“49\%15.80 1635 799 159% 602 1577 625 1108 5.50
Household (HH) characteristics o

HH income -0.071 —6.\?‘“4% -0.046 -263 -0.054 -2.82

Age of male

Age of female

Engagement of specific activity type
Maintenance activity of male 0615 578
Maintenance activity of female -0.601 -4.25

Day of traveled
On a weekday 0.430 264 0374 - - 0.469 270
Weather condition on traveled date

Rained




Analy5|s Results: MLL Model for Non-worker-
households

N M F J MF
Variable (none) (male only) (female only) (joint only) (both solo)
Param. Param. t-stat Param. t-stat Param. t-stat Param. t-stat
Constant 3.137 i 1.651 8.10 1591 6.01 1.557 6.17 1.098 044
Household (HH) characteristics
HH income -0.070 L -0.042 -260 -0.052 -275
Age
Engagement of specific activity type
Maintenance activity 1.233
Day of traveled
On a weekday K ; 0367 213
Weather condition on date traveled date
Rained
Household (HH) characteristics
HH income -0.070 . -0.042 -260 -0.052 -275
Age
Engagement of specific activity type
Maintenance activity
Day of traveled
On a weekday ) s 0.367 213
Weather condition on date traveled date
Rained

©
@
£
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=

Female-head

Variable for weight parameter of member in joint decision
Maintenance activity - -
Intra-household interaction - -
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Analysis Results: PCL Model for Worker-

Variable

Gender

Parameter

Parameter

t-stat

b,
.
e,
-
%"”%
%,

Constant

Male

None

5502

3.53

Solo

4.810

3.06

Joint

4.152

2.66

.

%\:«
%k‘
Female
N

None

4.906

2.16

Solo

4174

1.83

Joint

2.734

el

Family income

Male

‘[None

-0.133

-2.35

Solo_

-0.096

-1.68

Joint

Age

None

Solo

Joint

Mandatory activity

None

Solo

Joint

None

Solo

Joint

None

Solo

Joint

None

Solo

Joint

Rain

Female

None

Solo

Joint

Variable for weight parameter

Full-time job

HHSs, defined
“Solo+Joint”
as a base




Analysis Results: MOP Model for Worker-

Response Variable Parameter st ouseholds
. |Constant 0.240 0.85

.,

“Household income 0.035 5.43
Age of male -0.014 -3.14
Age of female
Maintenance activity by male -0.300 -4.31
Maintenance activity by female -0.152 e
\Weekday T 0.183 2.53
Rained .
Constant N 0.126 0.44
Household income - 0.026 3.95
Age of male
Age of female -0.014 -3.11
Maintenance activity by male | -0.290 -4.11
Maintenance activity by female .
\Weekday 0.199 2.69
Rained -0.355 217
Constant -1.098] -3.11
Household income ~
Age of male

Age of female

Maintenance activity by male
Maintenance activity by female
\Weekday

Rained

Rho (male-solo vs. female-solo)
Error correlation |[Rho (male-solo vs. joint)

Rho (female-solo vs. joint)

Solo tour by male

Solo tour by female

Joint tour by both




Goodness-

Samples of-Fit

# Households
LL(B)

Worker-HHs

# Households
LL(B)

Non-worker-HHs

MNL model

MLL model

PCL model

On process

MOP model

On process




AnaLy5|s Results: Behavioral Summary Resulted
. from MNL & MLL Models

O Weight effects on the decisions of social-recreational activity
participation:

Worker household group 0.684 for the male with full-time job as opposed
to his counterpart

N
'“%

Non-worker household group ‘no srgnlflcant decision-power effects
between the couple

-

O Intra-household interaction effects:

Worker household group: utility increase (a%ércrease) of an option for an
individual does not imply a corresponding mcreése (decrease) in the overall
utility of the household for that option -»

Much clear interaction effects from MOP model (error correlatlon parame rs)

- “+ tive” (male-solo vs. female-solo), “- tive” (male-solo vs. JOlnt&f
solo vs. joint) K

Non-worker household group: no evidence of interaction/cts




Analysis Results: Behavioral Summary from NNL

Explanatory Var. Worker-households

HH income

Age of male

Mandatory activity
(male)

Mandatory activity
(female)

Maintenance activity
(male)

Maintenance activity
(female)

Day of traveled

Presence of rained

& MLL Models

Higher HH income—> more soc/rec activities,
but less female solo activity

More aging, less participation

Less soc/rec activities by pursuing more
independently

Less soc/rec activities, more likeliness of
male’s solo participation and less joint
episode

Less joint episodes, but more likeliness of
soc/rec activities

Less soc/rec activities during the weekday,
and encourages more solo activities

Less soc/rec activities on the date of rained.
Tries to synchronize travel parties to more
compact fashions (i.e., male or female solo,
or both jointly)

Non-worker-households

Higher HH income—> more soc/rec
activities, but less female’s solo &
joint activities

Less soc/rec activities
Less male-solo activities

More solo activities during the
weekdays




%Pre%dictive Validations and Sensitivity Tests:
Baged on MNL & MLL Model Analysis
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Altl_N Alt3_F Altd_J Alt5_NF Alt6_0
Choice alternative

P,
o,
-«

Comparable MNL model MLL model
Measures

Mean absolute error 0.091 5.85
Predictive LL -662.8 -669.7
\Vuong test (Z stat.) 1.279 against MLL model &




Predictive Validations and Sensitivity Tests:
Based on MNL & MLL Model Analysis
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Conclusions

O MNL and MLIfﬁ\Qdels provide reasonable similar predictions

0 Household mterdepehdenues and their decision relative importance
are affected by household- quker status

U The effects of household mteractlons and the weights were not
observed for the non- worker-househ@ld group, implying that household
heads are equally powerful in determlnlhg soual recreational choices

- MLL model collapses to the standard MNL model

U Rainfall affected both the intent of social- recreatlanal activity
participation and its pattern for the worker-household group

O MLL model could be more favored to the MNL model due to the explicit
explainability of individual’s different preferences (i.e., different s|gp on the/

utility functions and weight impact)
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