
Scientia Iranica A (2021) 28(4), 2037{2052

Sharif University of Technology
Scientia Iranica

Transactions A: Civil Engineering
http://scientiairanica.sharif.edu

The interaction between activity choice and duration:
Application of copula-based and nested-logit models

F. Jafari Shahdani, A. Rasaizadi, and S. Seyedabrishami�

Department of Civil and Environmental Engineering, Tarbiat Modares University, Tehran, P.O. Box 14115-111, Iran.

Received 16 February 2020; received in revised form 27 June 2020; accepted 3 October 2020

KEYWORDS
Non-mandatory
activities;
Joint model;
Activity choice;
Activity duration;
Copula;
Nested-logit.

Abstract. There is a relationship between choosing an activity and its duration, especially
for non-mandatory activities. A number of studies have analyzed the decisions about an
activity type and its duration independently, while some others have used joint models.
This paper contributes to the body of knowledge using nested-logit and copula-based
models for assessing the existence of interdependency between, or a hierarchy of, the
choice of non-mandatory activity and its relative duration. In the case of the nested-
logit model, it is assumed that error terms of these decisions are interrelated, although
one is inuenced by another. In contrast, the copula-based model can facilitate making
a spatial error correlation between observational units without imposing the assumption
of restrictive distribution on the dependency structures between the error components.
The data available from Qazvin, a city in Iran, were used for estimating both nested-logit
and copula-based models and the best variables explaining both choices for each model
were selected. The �nal models were compared in terms of log-likelihood at convergence
and adjusted likelihood ratio index. The results indicated that there were some common
inuential observed and unobserved factors between these decisions. Also, the copula-based
joint model with �2

0 equal to 0.134 outperformed nested-logit models and provided better
explanatory power.
© 2021 Sharif University of Technology. All rights reserved.

1. Introduction

Transportation planning is signi�cantly a�ected by
travelers' decision-making. The type of activity and
its duration represent two major decisions required
for planning. Individuals' choice of activity has been
previously investigated to study travel behavior and
other di�erent aspects of activity choice such as type,
timing, and duration have been examined separately at
the outset; however, thanks to recent advances in recent
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research, these elements have been highlighted simul-
taneously, shedding light on their signi�cance [1,2].

Identi�cation of more realistic modeling and the
factors inuencing variations in the timing of activities
could result in more precise planning and scheduling
for behavioral models. Moreover, such identi�cation
would be helpful for authorities to implement e�ective
strategies to reduce network congestion, especially
during peak hours. Many policies require information
on the timing behavior of activities, e.g., telecom-
muting, exible work hours, and dynamic congestion
pricing [3,4].

Copious research in the �eld of activity type
choice and duration highlights the signi�cance of ex-
amining these two decisions [5{7]. Given the close
relationship between and the direct e�ect of these two
decisions on each other, the necessity to examine this
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interaction is demonstrated. This interaction can be
tested in the form of either a nested-logit model or the
copula-based joint models. Although the interaction
between these two decisions is investigated through
nested-logit models, this relationship is hierarchical
and the simultaneous model cannot be called. In other
words, high and low levels of the nested-logit model
indicate the sequence between two decisions. It appears
that the nested-logit model has not yet been used in
terms of activity choice and duration. Although some
researchers have considered this model a joint one in
the form of cross-nested-logit model (e.g., [8,9]), many
others have used that as a single choice model in case of
di�erent choices including mode choice and destination
choice [10,11].

In the context of copula-based models, there
is no such sequence between two choices, i.e., both
decisions are paid at the same level. Since the purpose
of this study is to examine the relationship between
two decisions of activity type and duration, both
structures are examined and the results are compared
subsequently. The existence of the nested-logit model
at the mentioned levels with di�erent decisions as well
as the copula-based model and the evaluation of their
results could determine the possibility of examining the
simultaneity or existence of a hierarchy as well as the
position of each decision in a hierarchical structure.

Since the type of activity has a strong e�ect on the
activity duration decision, it is important to estimate a
unique model for each type of activity. Therefore, this
study concentrated on non-mandatory travels because
of their nonroutine and exible nature. These activities
were categorized into four groups:

1. Shopping including arbitrary shopping activities;
2. Recreation including optional leisure or pilgrimage

activities;
3. Accompanying including picking-up/dropping-o�

somebody from somewhere;
4. Personal activities including optional visits to the

doctor, o�ce, close relatives, and other optional
activities.

This research aims to contribute to the existing litera-
ture on travel behavior using a copula-based model as a
novel approach to assessing the existence of interdepen-
dency between the choice of non-mandatory activities
and their relative duration using the data obtained
from the travel survey of Qazvin, a city in Iran. Since
this model has been calibrated for local data in a
developing country for the �rst time, this paper aims
to assess the interdependency between individuals'
activity choice and duration, compared with a set of
nested-logit models. For a better understanding of
human decision-making, factors with a signi�cant e�ect
on trip aim or activity duration, or both of them, and

the interpretation of these factors are investigated. It
should be noted that since some people initially decide
about the trip mode in case of non-mandatory trips
and then, decide about the aim of the trip, this paper
assumes that the choice of activity and duration are
determined only after the mode choice. Born et al. [12]
implied in their research that activity durations for
automobile users were directly related to vehicle soak
time. Finally, the research aims can be summarized as
follows:

- Capturing the interdependency between the choice
of non-mandatory activities and their duration;

- Using local data as a developing country;

- Finding e�ective independent variables in traveler's
decision-making;

- Employing the copula-based model as a joint model
and nested logit model as a hierarchy model and
comparing their performances;

- Interpreting estimated coe�cients and their signi�-
cances.

The remainder of this paper is developed as follows.
Section 2 provides a brief review of the existing litera-
ture on activity timing and duration choice. Section 3
describes the framework for the copula-based joint
model and the nested-logit model with a discussion
of the data used in the paper. After presenting the
results of the models, description and comparison of the
results are presented. In the �nal section, conclusions
and some directions for future research are put forward.

2. Previous studies

Activity participation and time in the transportation
�eld use have received signi�cant attention. According
to the activity-based travel theory, trips could be
considered as a necessary means of connecting distinct
activities that logically precede or accompany these
activities [13]. This means that the scheduling of trips
relies on not only time-of-day travel characteristics
(such as travel time and delay) but also the prefer-
ences regarding the timing and duration of activities
(e.g., [14]). Recently, studies have investigated the
e�ect of social networks on di�erent characteristics of
non-mandatory activity participation [15{17]. While
such studies provide a better understanding of the
determinants of participation in non-mandatory activ-
ities, they generally require specialized data collection
e�orts. Typical travel data sets do not contain such
detailed information, making it di�cult to use the
proposed frameworks to study non-mandatory partici-
pation decisions of special events [12].

On the other hand, the importance of modeling
activity duration has been investigated quite well in the
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literature. For modeling the duration of activities, var-
ious approaches have been proposed. Several authors
(e.g., [18,19]) have proposed hazard-based duration
models. In hazard models, the duration is taken as a
continuous variable and the probability of an activity
ending is described depending on the time spent on that
activity. A series of socio-economic variables typically
a�ect the hazard rate. However, hazard modeling
provides a statistical approach to modeling distribu-
tions of durations without any underlying behavioral
theory. In response to this aw, various approaches use
a utility-based framework to elaborate the scheduling
of activities in the course of continuous time. The
central idea behind using these methods is that there
is a marginal utility (which can di�er over time) for
each time of the day, representing the utility derived
from one time unit of activity participation. The idea
of utility rate was �rst implemented in the context of
activity scheduling by Polak et al. [20] and was further
re�ned by Ettema and Timmermans [14] who proposed
speci�c functional forms for the functions of the utility
rate. However, the variation of travel time during the
day was ignored in this approach. Bhat and Steed
[21] used a nonparametric hazard model for the time
allocation of shopping activities, and Habib et al. [22]
and Habib [23] presented parametric hazard models for
continuous time departures. Furthermore, Leszczyc
and Timmermans [24] estimated activity durations
using hazard models and then, employed Markov tran-
sitions to predict the choice and duration of the next
activity based on the duration and type of the previous
activity. Chen and McKnight [25] discussed the impact
of built environment features on homemakers' time use
behavior. The impact on allocation time of homemak-
ers to out-of-home discretionary activities was visible.

In another stream of research, Kapur and
Bhat [26] investigated the participation of people in
various activities on weekends. The results indicated
that low-income households tended to be more active
at home on weekends, pointing to a �nancial constraint
of more costly out-of-home activities. Besides, socio-
demographic characteristics might a�ect the choice
of activities, too. For example, women and married
people are more likely to have indoor activities than
men and singles, respectively, while singles and middle-
aged people (aged 40{60) are more interested in out-
of-home activities. Xu et al. [27] presented a speci�c
type of Household Activity Pattern Problem (HAPP)
that could predict not only the activity chains but also
the activity choice and the time allocated to activities
via multinomial logit method, while the choice set in
this paper is based on the data disregarding socio-
demographic features and personal characteristics.

Frei et al. [28] presented a joint model of travel
time activity participation and service value that was
modeled as a latent variable. Although they identi�ed

the parameters involved in the mentioned participation
in a speci�c type of activity (passive leisure, active
leisure, and work), they failed to investigate duration
as a factor.

There is another stream of research that has
treated activity type and duration choices as simultane-
ous choices. In the context of daily activity scheduling,
Bhat et al. analyzed activity choice and duration
in several studies (e.g., [5,26,29]) and could illustrate
the importance of socio-demographic variables, vehicle
ownership, accessibility to public transport infrastruc-
ture, and land use characteristics in the choice of
various activities. The mentioned authors used the
Multiple Discrete Continuous (MDC) framework for
analyzing the activity duration choices, while they did
not make any comparison between their results and
researches that assumed the activity type and duration
choices as sequential choices.

Finally, a recent contribution by Pawlak et al. [30]
established a exible link among a discrete choice
model of the selection of activity type, a hazard-based
model for the duration of each activity, and a log-linear
model of productivity using copulas in the context of
rail travels. While they demonstrated links among
participation in a particular type of activity, duration,
and productivity aspects, they did not explore the
interdependency between activity type and duration
choice. The existence of some commonly observed
and unobserved factors involved in making these two
choices indicates that they do not function in isolation;
no study has speci�ed the simultaneity or hierarchy
of these decisions. Moreover, joint modeling using a
copula-based theory is used to a greater degree for other
transportation modeling cases. For instance, Ermagun
et al. [31] pointed to the superiority of a copula-based
model for modeling mode choice and escort decisions
for school trips. In another research, Rasaizadi and
Kermanshah [32] explored the interrelation between
mode and number of stops using the copula-based
model.

Overall, although the models of time use have
been improved over recent decades, to date, no research
has been done on assessing the existence of interde-
pendency between or hierarchy of type and duration
of non-mandatory activity choices. This paper tries
to address this gap by processing the selection of
non-mandatory activity type and duration choices by
comparing the results of a set of nested-logit models
with a copula-based model for the Iranian community
using the origin-destination data of Qazvin.

3. Methods

In this section, the proposed models are introduced.
The choice set in trip objectives included shopping,
personal, recreational, and accompanying purposes and
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the duration allocated to the type of discretionary
activity was categorized as low, medium, and long
durations in this study. At �rst, the joint multinomial-
ordered logit model using copula function was intro-
duced and then, the nested-logit model was presented
as a Generalized Extreme Value (GEV) model.

3.1. Copula-based joint model
This study employed copula-based joint modeling to
capture the reciprocal impact between activity choice
and activity duration for non-work trips. This joint
model estimates two discrete choice models, that is, the
multinomial logit model for activity choice and ordered
logit model for activity duration choice. Ultimately, all
the coe�cients and parameters of the two models are
estimated simultaneously in an integrated model. Each
model is �rst described independently.

The multinomial logit model is used for modeling
activity choice. Let q and i be the indices for individual
and activity, respectively. Also, let hqj (Eq. (1)) be the
latent utility for the activity selected by individual q:

hqi = �xqi + "qi; (1)

where xqi is the column vector of independent variables
speci�ed to mode i and � is the vector of the parameters
to be estimated. "qi represents an idiosyncratic error
term that is distributed identically which is indepen-
dently characterized by extreme value. Individual q
chooses activity i if (Eq. (2)):

hqi > max
j=i

hqi; (2)

De�ne Eq. (3):

vqi = fmaxj 6=ihqjg � "qi: (3)

vqi follows the logistic distribution.
De�ne rqi, rqi = 1, if the ith activity is chosen by

the qth individual; otherwise, rqi = 0 .The ith activity
is chosen by the qth individual if (Eq. (4)):

�xqi > vqi: (4)

The implied marginal distribution of vqi is considered
as the probability of choosing activity i by individual
q. It is obtained through Eq. (5):

Fi (�xqi) = Pr (vqi < �Xqi) =
exp (�Xqi)P
j exp (�Xqj)

: (5)

The ordered logit model is used for modeling activity
duration. Let s�qi be the propensity of having a longer
activity duration of the qth individual that chooses
activity i. sqi represents the activity duration levels:
low, medium, and high. sqi is observed only for the

chosen activity i. In the ordered logit structure, de�ne
Eq. (6):

s�qi = zqi + �qi; sqi = k; if �i;k�1 < s�qi; (6)

where zqi is the column vector of the independent
variables speci�ed to mode i and  is the vector of
coe�cients to be estimated. �qi represents an id-
iosyncratic error term assumed to be standard logistic
distributed with the marginal cumulative distribution
function given G(.). The � terms are the threshold
bounds between levels of activity and provide a relation
between the propensity of having more activity dura-
tion and the observed activity duration. By convention,
�i;0 = �1 and �i;K = +1 for each mode i, where k
is an index for activity duration (k = 1 equals to low,
k = 2 equals to medium, and k = 3 equals to high).

The probability that the individual q chooses
activity i and activity duration k can be written as
in Eqs. (7) and (8):

Pr[rqi =1; sqi = k] = Pr[vqi < �xqi; �i;k�1 � zqi
< �qi < �i;k � zqi]; (7)

Pr[rqi =1; sqi = k] = Pr[vqi < �xqi; �qi < �i;k � zqi]
� Pr[vqi < �xqi; �qi < �i;k�1 � zqi]: (8)

In Eq. (8), the bivariate cumulative distribution func-
tion between the error terms of the two models is
required and it is provided by copulas. In 1959, in
response to a query of M. Fr�echet, A. Sklar introduced
copulas. A copula is a multivariate distribution func-
tion over the unit cube that generates a stochastic
dependence relationship among random variables and
pre-speci�ed marginal distributions. In the bivariate
case, let C be a two-dimensional copula of uniformly
distributed random variables U1 and U2 with the
support contained in [0,1] [33]. Then C (u1; u2; �) =
Pr [U1 � u1; U2 � u2] [34], where � is a parameter of
the copula commonly referred to as the dependence
parameter. A copula allows the generation of joint bi-
variate distribution functions with given marginals. A
rich set of bivariate copulas is available to generate the
dependence between the random variables including
the Gaussian copula, the Farlie-Gumbel-Morgenstern
(FGM) copula, and the Archimedean class of copulas
(including Clayton, Gumbel, and Frank). The reader
is referred to Bhat and Eluru [33] for more details of
the copulas.

Also, a m-copula can be de�ned as m-dimensional
Cumulative Distribution Function (CDF) whose sup-
port is contained at [0,1] and whose one-dimensional
marginal is uniform at [0,1] (Eq. (9)):



F. Jafari Shahdani et al./Scientia Iranica, Transactions A: Civil Engineering 28 (2021) 2037{2052 2041

F (x1; :::; xm) = F (F�1
1 (u1); :::; F�1

m (um))

= Pr[U1 � u1; :::; Um � um]

= C(u1; :::; um; �); (9)

where � is called the dependence parameter, which
measures the dependence between marginals. There-
fore, Eq. (8) is rewritten as in Eq. (10):

Pr[rqi =1; sqi = k] = C�(uqi1; uqi;k;2)

� C�(uqi1; uqi;k�1;2): (10)

Copula is applicable to many research scopes. For
example, Liu et al. [35] constructed the correlation and
its corresponding risk measurement models based on
the mixed Clayton copula. Pan et al. [36] developed a
copula-Bayesian approach to modelling risks associated
with dependent systems which is reliable based on
model validation. Also, Seyedabrishami et al. [37]
investigated a joint model for a number of cars and
fuel types using copula functions.

In Eq. (9), parameter (�) shows the correlation
between vqi and �qi. Of note, the correlation between
"qi and �qi has a reverse sign.

In this paper, two types of copula are used:
Product and Frank copulas. In product copula, copula
dependence parameters are equal to zero. Thus, it is
used to depict the independency between error terms;
however, Frank copula, a well-known copula function,
considers the correlation between marginals. Table 1
displays the characteristics of these copulas.

To estimate the joint multinomial-ordered model,
let 1[.] be an indicator function taking the value of
unity if the expression in parenthesis is true and 0
otherwise. De�ne Eq. (11):

Mqik = 1[rqi = 1] � 1[sqi = k]: (11)

Finally, the log-likelihood function is as Eq. (12):

logL=
� QX
q=1

(
IX
i=1

KX
k=1

Mqik log[Pr(rqi=1; sqi=k)]
�
: (12)

By maximizing this function, all the coe�cients
and parameters will be estimated. This maxi-
mation is accomplished using the R programming
language (https://www.r-project.org/about.html and
https://www.rstudio.com/).

3.2. Nested-logit model structure
The nested-logit model is one of the most practical
GEV models. In the structure of the nested-logit
model, interdependent alternatives are placed in sim-
ilar nests. The nested-logit model is designed on
the basis of the random utility theory similar to the
multinomial logit model, although their replacement
patterns are di�erent. This model can solve a part
of the independence between irrelevant alternatives
that are ignored in the multinomial logit model. The
assumption of independence of irrelevant alternatives is
established in one nest, but this assumption does not
exist in di�erent nests. Utility function in the nested-
logit model is de�ned as Eq. (13):

Unj = Wnk + Yni + "nj ; (13)

where Wnk is a part of the utility function for person
n, is dependent on variables describing nest k, and is
the same for all of the nest alternatives. Yni is a part
of the utility function for person n, is dependent on
variables describing alternative i, and changes for each
alternative in the nest and "nj is a random variable
whole value is not observed by the researcher. If Bk is
a high-level alternative and i 2 Bk and i is a low-level
alternative in the structure of the nested-logit model,
the probability of choosing the alternative i will be
obtained through Eq. (14) [38]:

Pni = PnijBkPnBk : (14)

In particular, the marginal and conditional probabili-
ties can be expressed as Eqs. (15) and (16):

PnBk =
eWnk+�kInk

kP
l=1

eWnl+�lInl

; (15)

PnijBk =
e
Yni/�kP

j2Bk
e
Yni/�k

; (16)

where:

Ink = ln
X
j2Bk

e
Yni/�k ; (17)

where i denotes the alternative i at a low level and
Bk denotes nest k at a high level. P (nijBk) is the
probability of choosing i at a low level under the

Table 1. Characteristics of frank and product copulas.

Copula C (u1; u2) Dependence parameter range
Product u1u2 {
Frank ���1 log

n
1 + (e��u1�1)(e��u2�1)

e���1

o
(�1;1)
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condition of choosing Bk nest at a high level. P (nBk)
is the probability of choosing Bk alternative at a
high level for observation. P (ni) is the probability of
choosing an alternative at a low level for observation
n. �k is the scale parameter for nest k. The
maximum likelihood estimation is used for modeling
discrete choice models and de�ning the alternative
utility function. Calculation of likelihood function and
the probability of selecting alternatives are written as
in Eqs. (18) and (19):

L(�) =
YN

n=1

Y
i
(Pni)

yni ; (18)

LL(�) =
XN

n=1

X
i
yni lnPni; (19)

where � is a vector including utility function variables.
N is the number of observations in a given sample. pni
denotes the probability of choosing the alternative i if
i is a member of feasible alternatives set for the person
n, and yni is one if the alternative i is selected by the
person n and is zero otherwise. In order to maximize
L, its distribution derivations LL(�) should be equal to
zero for each of the coe�cients of the utility function
and the values of the utility function parameters are
obtained by solving the simultaneous equations.

4. Data

The data used in this research were collected from a

questionnaire designed in 2012 through a comprehen-
sive transportation study of Qazvin-Iran [39], which
examined the travel information of 35420 individuals
on a weekday including the purpose of the travel, the
mode of travel, the start and end time of the travel,
and the time allocated to each activity. Moreover,
in this survey, socio-economic information has been
gathered in individual and household dimensions. This
research has only focused on individuals who have done
at least one discretionary activity during the day. In
fact, these types of trips have been investigated because
individuals have greater freedom in choosing trips with
non-mandatory purposes and also the time allocated
to each activity is more exible. After further pro-
cessing for cleaning data with missing information on
important variables (e.g., socio-economic variables and
travel information), the sample population used in this
paper includes 4290 individuals who have made trips
with non-mandatory purposes (except work, education,
and return home). Qazvin-related data as a particular
case study is selected for two reasons; �rst, there is no
similar study on this topic for such a community with
a focus on developing countries. Second, this dataset is
available for Qazvin Iran, which is a large metropolitan
area in Iran with similarities to other major cities in the
country. Figure 1 shows the GIS map of Qazvin.

Out of the information collected and reshaped
into a database, with regard to previous literature,
those variables that have been e�ective in determining

Figure 1. Location of Qazvin in Iran and its tra�c analysis zones [40].



F. Jafari Shahdani et al./Scientia Iranica, Transactions A: Civil Engineering 28 (2021) 2037{2052 2043

the choice and duration of activities were identi�ed
and classi�ed in Table 2. In order to calibrate the
models of choosing the type and duration of activ-
ity, with respect to the similarity existing between
various alternatives and considering the proportion
of frequency of observations related to them, non-
mandatory activities were divided into four groups: 1)
shopping (including arbitrary shopping activities), 2)
recreational (including optional leisure or pilgrimage
activities), 3) accompanying (including accompanying
someone along), and 4) personal activities (including
optional visits to the doctor, o�ce, close relatives
and other optional activities). Given the weekday
information and the fact that people often engage in
compulsory activities about two-thirds of the day, three
types of duration were considered as the times allocated
to each non-mandatory activity: short duration (less
than an hour), medium duration (one to two hours),
and long duration (more than two hours). The
frequency of the categories is displayed in Tables 3
and 4.

5. Results

At �rst, let us consider nested-logit with the activity
choice at the upper level and activity duration as
`model A' and another nested-logit model as `model
B'. The results of each model are interpreted and
will be presented in this section. Initially, the results
of the copula-based model are displayed in Table 5.
Thereafter, Tables 6 and 7 present estimation results
for models A and B, respectively.

6. Discussion

6.1. Copula dependence parameters
Copula dependence parameters show the correlation
between two random variables, vqi and �qi [33]. The
correlation between "qi and �qi, considered as random
terms for the two models, exhibited reverse sign.
So, there are some observed and unobserved factors
that a�ect these decision-making cases simultaneously.
Unobserved factors increase the probability of choosing
shopping and accompanying activities and at the same
time, increasing the probability of selecting trips with
a long activity duration. Furthermore, the unobserved
factors have a di�erent e�ect on the probability of
choosing the two other activities. That is, if these fac-
tors increase (or decrease) the probability of choosing
personal and recreational activities, they have a reverse
e�ect on the probability of choosing activities with a
long duration, synchronically.

6.2. Interpretation of the estimated
coe�cients in the copula-based model

Regarding estimated coe�cients, shopping activity is

the least desired activity for individuals aged between
5 and 30. Personal activities are attractive for individ-
uals over 31 years old (de�nitions of attraction in this
paper are the same as those in other previous papers
in this �eld) [41]. Recreational and accompanying trips
have the least and the most desired ones for individuals
aged between 31{41. The probability of choosing long
activity duration decreases for the individuals between
5{18 years and increases for the individuals between
19{31 years old.

Moreover, results indicate that men prefer to have
personal and recreational trips along with a long activ-
ity duration in comparison with women. Individuals
with education-related and other jobs �nd shopping
and recreational activities more attractive than those
with administrative and service jobs. Individuals with
administrative and service jobs, on the other hand,
have a more tendency towards high activity duration.

Having a driving license increases the probability
of choosing accompanying trips and decreases the
probability of choosing personal and recreational trips
and long-duration activities.

Considering the educational level, individuals
with low or medium levels of education prefer to have
shopping trips. Personal and accompanying trips seem
not to be attractive for individuals with high levels
of education as compared to other individuals. These
individuals choose activities with a short duration due
to their limited time-budget. Upon increasing the
household size, the probability of choosing personal
trips and short activity durations increases.

Shopping is not an attractive mode when indi-
viduals use a private car, a taxi, and a motorcycle,
as compared to using a bus and opting for active
modes. Individuals prefer to use a private vehicle
in accompanying trips. Bus and active modes are
attractive modes for personal and accompanying trips,
respectively. For long activity duration trips, the bus
has the highest probability of choosing, while active
mode has the least probability.

6.3. Interpretation of the estimated
coe�cients of model A

The model parameters have the expected correct signs.
Regarding estimated coe�cients, those aged between
5 and 18 years old have more favorable recreational
trips with a short duration than those with shopping,
personal, and accompanying activities with all duration
types. Shopping activities take less time for older
people over 40 years of age. These people prefer
not to take their personal trips in short and medium
durations. In addition, accompanying activities with
medium and long durations are more favorable for them
than short-duration trips due to having more free time
as a result of retirement. Men are more inclined to
do short-duration shopping and personal trips than



2044 F. Jafari Shahdani et al./Scientia Iranica, Transactions A: Civil Engineering 28 (2021) 2037{2052

Table 2. E�ective variables for the selection of non-mandatory activities and durations.

Variable Category Description Frequency

Age

Age 5{18 1 if the individual is between 5 and 18 years old, 0 otherwise 10%

Age 19{30 1 if the individual is between 19 and 30 years old, 0 otherwise 24%

Age 31{41 1 if the individual is between 31 and 41 years old, 0 otherwise 31%

Age >41 1 if the individual is more than 41 years old, 0 otherwise 35%

Sex Sex 1 if the individual is male, 0 otherwise 38%

Job

SERV job
1 if the individual has a service job (driver, farmer,

seller, manual worker and master of work), 0 otherwise
23%

ADM job
1 if the individual has an administrator job

(employee, military, and cultural occupations), 0 otherwise
18%

EDU job
1 if the individual has an educational job

(students and college students), 0 otherwise
24%

RE-HM job
1 if the individual has a job except for above

(retired and homemaker), 0 otherwise
35%

Driver license DL 1 if the individual has a driver license, 0 otherwise 49%

Education

Low EDU 1 if the individual does not have a high school degree, 0 otherwise 39%

Med EDU 1 if the individual has a college degree, 0 otherwise 38%

High EDU 1 if the individual has a master of science degree and upper, 0 otherwise 23%

Mode

Private 1 if the individual makes the trip by private car, 0 otherwise 25%

Taxi 1 if the individual makes the trip by taxi, 0 otherwise 30%

Bus 1 if the individual makes the trip by bus, 0 otherwise 15%

Motorcycle 1 if the individual makes the trip by motorcycle, 0 otherwise 13%

Active 1 if the individual makes the trip by bicycle or walking, 0 otherwise 17%

Household
size

HHSZ Number of individuals in a household Average
= 4

Car
ownership

CO Number of vehicles per person in the household Average
= 0.8

Bike
ownership

BO Number of bicycles per person in the household Average
= 0.6
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Table 3. Frequency of the alternatives.

Model Alternatives Frequency

Activity

Shopping 33%

Personal 25%

Recreational 22%

Accompanying 20%

Duration

Short duration 35%

Medium duration 36%

long duration 29%

Table 4. Frequency of the joint alternatives.

Model Alternatives Frequency

Short duration

Shopping 13%

Personal activities 7%

Recreational 6%

Accompanying 8%

Medium duration

Shopping 12%

Personal activities 9%

Recreational 8%

Accompanying 5%

Long duration

Shopping 8%

Personal activities 9%

Recreational 8%

Accompanying 7%

women. On the contrary, women devote more time
to shopping and accompanying trips than men. Low-
duration shopping is the most attractive one for those
with administrative jobs and is the least desired for
retired individuals and homemaker people. Also, long-
duration accompanying activities are the least favorite
trips for those with educational jobs and the most
desirable one for the retired and homemaker people.
In general, homemaker women and retired people opt
for a longer period of time for di�erent activities with
regard to having a longer free time. Having a driver's
license increases the probability of choosing shopping
and recreational activities with a long duration.

By investigating the obtained coe�cients for
education, it became clear that people with higher
levels of education were more inclined toward short-

duration activities. In contrast, less educated people
chose longer duration activities. The most e�ective
factor in these alternatives is the time constraints
for people with higher education. The probability
of choosing shopping and recreational activities with
a long duration will be increased with increase in
the household size. The more vehicle ownership per
person in the household, the higher the probability
of selecting higher duration shopping and recreational
trips. Conversely, accompanying activities with a
short duration for people would be more desirable.
The likelihood of selecting short-duration recreational
activities will be decreased with an increase in bicycle
ownership. The coe�cients obtained for the trip mode
indicate that private car is an appropriate alternative
to medium-duration personal trips and short-duration
accompanying trips. In contrast, the probability of
choosing this vehicle decreases for accompanying trips
with a long duration. Bus is a vehicle that has less
utility for short-duration activities, and individuals
prefer to do long-duration activities by bus. The
probability of choosing medium-duration personal ac-
tivities increases while using a motorcycle as a vehicle.
Short-duration shopping activities are more desirable
than other alternatives when individuals use active
modes.

6.4. Interpretation of the estimated
coe�cients of model B

The estimated values of parameters in the converse
choice situation for activity and duration of non-
mandatory activities have an inverse relationship and
this indicates that individuals aged between 5 and 18
are more likely to choose recreational activities with a
short duration. Older people prefer shopping activities
rather than other activities in a short duration, and
the probability to choose a personal activity in a
long duration is higher than other alternatives. Men
tend to spend more time doing recreational activities.
Choosing a short-duration activity and assigning it to
the accompanying alternative have the highest prob-
ability for administrative and educational jobs. On
the contrary, the retired or homemakers choose the
long duration for accompanying trips, which can be
attributed to their longer free time than others. The
allocation of medium duration to personal activities for
retired individuals and homemakers is more likely than
others. Besides, people with administrative jobs are
less likely to choose the accompanying and recreational
alternatives in this duration. Less educated individ-
uals prefer to allocate more time to non-mandatory
activities and among all non-mandatory purposes, they
prefer shopping activities. However, higher educated
people are more likely to devote less time to shopping
and recreational activities. The probability of choosing
the medium duration for doing recreational activities is
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Table 5. Results of the copula-based model.

Model MNL OL

Variable Shopping Personal Recreational Convey Activity time

Copula dependence parameter -1.022 (-2.115) 1.850 (4.270) 1.380 (3.608) -3.418 (-9.106) {

Constants { -0.734 (-2.677) -1.495 (-7.355) -2.128 (-10.316) 0.947 (5.858)

Age

Age 5{18 -0.470 (-3.201) { { -1.285 (-4.285) -0.429 (-4.739)

Age 19{30 -0.261 (-2.381) { { -1.44 (-7.733) 0.210 (3.576)

Age 31{41 { 0.355 (2.966) -0.179 (-1.716) { {

Age>41 { 0.305 (2.830) { -0.475 (-4.349) {

Sex { 0.124 (1.587) 0.462 (4.520) { 0.251 (4.020)

Job

ADM. Job -0.362 (-2.630) -0.295 (-2.338) { { -0.765 (-8.322)

SERV. Job -0.930 (-3.878) { { 0.231 (1.805) -0.908 (-10.773)

EDU. Job { { 1.093 (7.560) { {

Other { { 0.682 (5.500) { {

DL { -0.116 (-1.537) -0.152 (-1.560) 0.573 (4.279) -0.127 (-2.089)

Education

LOW. EDU 0.812 (5.335) { 0.366 (4.206) { 0.831 (8.716)

MED. EDU 0.447 (3.162) { { { 0.453 (5.142)

HIGH. EDU { -0.311 (-2.307) { -0.440 (-2.634) {

HHSZ { 0.138 (2.604) { { -0.106 (-2.274)

CO - -0.205 (-3.980) 0.118 (1.858) - -0.064 (-1.577)

Mode

Private -2.037 (-14.293) -0.939 (-7.052) -1.883 (-11.876) { {

Taxi -0.696 (-8.780) { {0.561 (-5.973) { {

Bus - 0.457 (5.238) { { 0.249 (3.594)

Motor -0.531 (-2.720) { { { {

Active { { { 0.804 (5.617) {0.923 (-15.792)

Threshold 1 { { { { 0.064 (0.763)

Threshold 2 { { { { 1.758 (21.829)

�2
c 0.107

�2 0.134
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Table 6. Results of model A.

Model Nested{logit

Variable
Shopping Personal Recreational Accompanying

Short
duration

Medium
duration

Long
duration

Short
duration

Medium
duration

Long
duration

Short
duration

Medium
duration

Long
duration

Short
duration

Medium
duration

Long
duration

Constant 3.481
(2.8)

3.868
(3.08)

3.13
(2.49)

3.17
(2.42)

3.533
(2.72)

3.436
(2.67)

1.657
(1.24)

3.344
(2.4)

2.511
(1.9)

2.981
(11.78)

{ 1.828
(4.98)

Age
Age
5{18

{ { { { { { 0.383
(3.05)

{ { { { {

Age
19{30

{ { 0.819
(3.13)

{ { 0.361
(5.29)

{ 0.102
(1.4)

0.358
(3.25)

{ { {

Age
31{41
(base)

{ { { { { { { { { { { {

Age
>41

0.466
(6.57)

{ { -0.311
(-3.39)

-0.24
(-2.73)

{ { { { { { 0.658
(2.56)

0.47
(2.14)

Sex 0.22
(6.25)

{ -0.388
(-4.56)

0.134
(1.98)

-0.214
(-3.95)

{ { { { { 0.587
(2.47)

-0.44
(-2.94)

Job
ADM
job

0.605
(1.65)

0.755
(3.67)

{ { { { { 0.365
(4.67)

{ { { {

SERV
job

(base)
{ { { { { { { { { { { {

EDU
job

-0.188
(-4.99)

{ { -0.373
(-4.1)

{ { { { { { { -1.27
(-2.87)

RE-HM
job

-0.925
(-3.52)

{ 1.755
(2.42)

{ 0.345
(1.67)

{ { { 0.67
(2.36)

{ { 2.27
(1.87)

DL { { 0.241
(3.75)

{ { { { { 0.237
(3.41)

{ { {

HHSZ { { 0.139
(3.34)

{ { { -0.16
(-2.1)

0.125
(-2.88)

{ { { {

Education

Low.EDU { { 0.271
(5.49)

{ 0.042
(2.44)

{ { { 0.15
(3.16)

-0.05
(-2.51)

{ 0.235
(2.17)

Med.EDU
(base)

{ { { { { { { { { { { {

High.EDU
0.175
(3.99)

-0.25
(-3.94)

{ { { { { { { 0.732
(3.74)

{ {

CO { { 0.157
(2.66)

{ { -0.076
(-2.24)

{ { 0.139
(2.93)

0.032
(1.44)

{ {

BO { { { { { { -0.04
(-1.5)

{ { { { {

Mode

Private { { { { 0.236
(4.55)

{ { { { 0.539
(2.345)

{ -0.502
(-3.72)

Taxi (base) { { { { { { { { { { { {

Bus -0.631
(-5.31)

0.212
(3.02)

{ -0.665
(-4.69)

{ 0.139
(1.92)

{ -0.15
(-1.71)

{ -0.292
(-2.71)

{ 0.597
(2.5)

Motor { { { { 0.081
(1.41)

{ { { { { { {

Active 0.379
(7.87)

-0.485
({8.05)

{ -0.39
(-4.43)

{ { { { -0.091
(-1.6)

{ -0.854
(-2.66)

{

IV parameters �(b=l; r) �(l; r) �(r)
IV parameters Shopping 0.69 0.16 4.31 0.00

Personal activities 0.61 0.15 4.07 0.00
Recreational 0.82 0.14 5.86 0.00

Accompanying 0.92 0.12 7.67 0.00
�2
c 0.104
�2 0.131
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more than other activities with an increase in the
number of individuals in a household.

More bicycle ownership leads to the allocation of
a shorter duration to recreational activities, and the
probability of allocation of short duration to shopping
activities decreases. An increase in car ownership
leads to a decrease in the probability of choosing long-
duration accompanying activities. Also, it causes an
increase in the probability of choosing long-duration
recreational purposes. The coe�cients obtained for
mode indicate that private car is the appropriate choice
for short-duration accompanying activities as well as
for all of the non-mandatory activities except personal
ones with a medium duration. The probability of
choosing this vehicle decreases for long-duration ac-
companying activities. The bus has the most likelihood
of allocating a long duration to shopping activities
and the probability that a person assigns a medium
duration to personal activities by bus and chooses
the short duration for shopping and accompanying
activities decreases. By opting for the motorcycle
mode, an individual often chooses medium-duration
personal trips. If the person chooses the active trip
mode, the probability of allocation of long duration to
shopping and short duration to personal activities will
decrease, while the probability of allocation of short
duration to shopping purposes will increase.

6.5. Comparison of the models
In addition to the copula-based model, two nested-logit
models are also calibrated in this paper in which the
activity choice is prioritized over duration choice, and
vice versa. The nested-logit model can capture the
interaction between these decisions, though it assumes
a hierarchical structure between them. To �nd which
decision to assign to the upper level of the hierarchical
structure, two nested-logit models with di�erent upper
and lower levels are calibrated. The copula-based
model does not consider any hierarchical structure and
models these decisions jointly. The comparison of

the results of the three models highlights two main
di�erences in variable e�ects. First, the e�ects of
variables on the choice process di�er across the two
models, only in magnitude. Second, some variables
are statistically signi�cant in the nested-logit models
(BO in both nested-logit models), while they are
statistically insigni�cant in the copula-based model.
Table 8 displays the agreement among the data of the
three models.

In addition to the apparent improvement in log-
likelihood measures of the copula-based model over
the nested-logit models, the models can be evaluated
using �2

c and �2
0. Comparison of the rho-squared values

indicates that by modeling these decisions through the
joint structure without any hierarchy, an improvement
in log-likelihood can be expected. Additionally, nested-
logit with the activity choice at the upper level and
activity duration at the lower level has a better struc-
ture than another nested-logit model with di�erent
levels. In other words, the choice of activity is of higher
priority to activity duration.

6.6. Summary of the �ndings
The �ndings and new results of this study are summa-
rized below:

- Unobserved factors of activity choice and duration
choice models were correlated because of estimating
high statistical copula dependence parameters;

- The existence of some mutually observed factors
con�rmed the systematic interaction between these
decisions;

- As the nested-logit model had a hierarchical struc-
ture, it ignored the mutual interaction between these
decisions;

- In terms of �2
0, �2

c , and LL(�), a joint copula-based
model outperformed the nested logit models;

- Independent variables related to age, gender, job,
having a driving license, educational level, and
chosen trip mode of traveller and household size and

Table 8. The �tness of models.

Model Number of
observation

LL(�) LL(c) LL(0) �2
c �2

0

Joint copula{based 6536 {14065 {15758 {16241 0.107 0.134

Nested-logit,
upper level activity choice,
lower level activity duration

6536 {14129 {15758 {16241 0.104 0.131

Nested-logit,
upper level activity duration,
lower level activity choice

6536 {14299 {15758 {16241 0.093 0.120
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car ownership of families were inuential in activity
and duration choice for both joint copula-based and
nested logit models. Coe�cients of these variables
were estimated signi�cantly and logically.

7. Conclusion

The present paper aimed to contribute to the existing
literature on the choice of non-mandatory activity
types and duration. Understanding the choice of non-
mandatory activity duration is a very complex task;
the diversity and exibility of such activities are a
challenge for modeling travel behavior. In this study,
nested-logit and copula-based models were developed
to explore the travel behavior, providing an empirical
analysis followed by a discussion about the variety
of types and duration of non-mandatory activities.
The analysis was conducted based on discrete choice
models, a copula-based model, and a set of nested-
logit models using the data obtained from Qazvin-Iran
in 2012. The models also account for travel-related
and socio-demographic variables. It was assumed that
travel mode choice came before the choice of activity
and duration. Findings highlighted the signi�cant
role of socio-demographic characteristics (gender, job,
education, car ownership, driver license, and household
size) and travel-related (trip mode) factors as the
important estimators in the selection of non-mandatory
activities and their duration. Furthermore, if decisions
about non-mandatory activities and their durations are
modeled in the joint structure without any hierarchy,
an improvement in log-likelihood and goodness of �t
can be expected. Also, nested-logit with the activity
choice at the upper level and activity duration at the
lower level had a better structure than another nested-
logit model with di�erent levels.

Ultimately, a salient direction for future research
would be the consideration of a weekend day to com-
pare and contrast the results. Simultaneous attention
to probabilities relating to weekdays and weekends,
activity purposes, and duration can be applied to trans-
port planning and land use such as the enhancement of
di�erent facilities for spending leisure time.

These models can be used in two ways: to
predict future travel demands of society and to describe
the relationship between endogenous and exogenous
variables.

Abbreviations

MDC Multiple Discrete Continues
HAPP Household Activity Pattern Problem
GEV Generalized Extreme Value
FGM Farlie-Gumbel-Morgenster
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