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Abstract

The ageing population has become a global problem in which enhanced understanding on their activity-

travel patterns is needed. In this paper, an analysis of retired and dual-earner couples is conducted to in-

vestigate how retirement would change their activity time use and patterns. In particular, intra-household

interactions are considered, to explore the interdependencies among household members’ choices, social-

demographics and travel behaviours. Household survey data from Hong Kong are employed.

Results show that retirement would substantially increase joint participations and durations in various

out-of-home activities. In addition, the importance of walkability is emphasised for retired couples in a

mixed-land-use and transit-dependent city, and a potential social exclusion issue is identified for the low-

income retired population. Scenarios analyses including changes of built environment and lifestyles (e.g.,

telecommuting, online shopping and food delivery) are conducted, to investigate how couples would

reallocate the saved travel time. In summary, this paper highlights the importance of considering the

group decision mechanism in a household for activity generation and travel demand forecasting. It sheds

light on policies to improve quality-of-life for couples before and after the retirement.

Keywords: group decision, activity-based model, ageing population, walkability, online-to-offline

services

1. Introduction1

1.1. Motivation2

The global ageing population is fast-increasing in size. In the United Nations (United Nations, De-3

partment of Economic and Social Affairs, Population Division 2013), the share of the population aged4

60 years and over was approximately 12% in 2013, whereas in China, this number was greater than 10%5
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(China statistical yearbook 2014) and is estimated to reach 30% by 2050 (Strauss et al. 2010). Investi-6

gation of the effects of ageing and retirement on activity-travel behaviours is necessary for planners to7

allocate resources to meet their activity and travel demand.8

Since travel behaviours are derivatives of out-of-home activities, activity-based models (ABM) have9

attracted attention and have been developed for the older population (Habib & Hui 2017; Hahn et al.10

2016a; Ravulaparthy et al. 2016), in which their choices of activity types, durations and timing have11

been studied. Generally, the retired population has more flexible time for discretionary activities without12

compulsory work tasks. Conversely, their ageing problems and reduced income can discourage them from13

out-of-home activities and travel behaviours, possibly causing the ”social exclusion” issue, which leads14

to possible mental and physical health problems for the older population (Ravulaparthy et al. 2016). As15

the comparison group, the working population is facing a ”time poverty” problem (Bernardo et al. 2015;16

Kato & Matsumoto 2009), in which they can be too busy to partake in discretionary activities or to spend17

quality time with their families. Thus, most of the worldwide working population might be experiencing18

a busy and unsatisfying lifestyle. Working/retirement status can largely change a person’s daily activity.19

In addition, it is unclear how social-demographics and travel behaviours are related to activity patterns.20

This issue deserves substantial attention to allow the government to improve the quality-of-life for the21

major groups of the society.22

Existing studies have shown that intra-household interaction affects individuals’ choice behaviours.23

There are two seminal special issues on intra-household interaction published by Transportation (Bhat24

& Pendyala 2005) and in Transportation Research Part B (Timmermans & Zhang 2009). Insightful re-25

view papers are published in 2010s, where De Palma et al. (2014) thoroughly discussed the issues of26

family econometric models, group decision mechanism, and also location and accessibility, and Ho &27

Mulley (2015) focused more on the intra-household interaction and transportation. Evidences suggest28

that ignoring the mutual dependence of household members’ decisions would induce biased estimation29

of activity demand. In addition, if an activity is jointly pursued, it also is likely that the related trip is30

jointly made, leading to different travel patterns in terms of destination, mode, and vehicle choice. Thus,31

intra-household interaction should be considered when modelling the activity-travel of older people.32

Examining a couple’s activity participation and time allocation, for example, as illustrated in Figure33

1(left), they can choose solo participation for certain activities, e.g., a maintenance activity such as going34

to the bank or post office, which need to be undertaken only by one member in the household. In addition,35

household members can coordinate to partake in joint activities in which they enjoy each other’s company,36

e.g., eating-out together in a fine restaurant. Moreover, this couple might prefer more and longer joint37

activities, which introduces correlation among joint activities. If such intra-household interaction is not38
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Joint participation is omitted.
Duration is underestimated.

Figure 1: Intra-household interaction in a couple’s joint activity participation and time allocation

considered, as illustrated in Figure 1(right), there might be biased estimation of demand forecasting.39

This paper is motivated to investigate the intra-household interactions for the retired and working pop-40

ulations. In particular, to investigate how retirement affects intra-household interactions and the activity41

patterns and time use. A household-level time allocation model is developed, considering the discussed42

diverse intra-household interactions. The data from the 2011 Hong Kong Travel Characteristic Survey43

(TCS) are employed in the case study. Because a substantial number of older people lives alone without44

relatives and friends, retired couples from two-member households are studied and contrastively anal-45

ysed with dual-earner couples. Based on calibrated models, scenario analyses including changes of built46

environment and lifestyles (e.g., telecommuting, online shopping and food delivery) are conducted, to47

investigate how different intra-household interactions cause retired and working couples to reallocate the48

saved travel time.49

1.2. Current work in existing studies50

1.2.1. Retired and dual-earner couple activity patterns51

Table 1 summarises representative existing literature on retired and dual-couple activity patterns. The52

purpose of Table 1 is to show the research gap from an empirical analysis perspective, which motivates us53

for the research in this paper. Further discussion on methodologies and corresponding literature review54

are shown in the next section rather in Table 1.55
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There are four features of note in this paper, as summarised in Table 1. First, retired and work-56

ing couples are contrastively analysed. Recently, several studies have been conducted to investigate the57

activity patterns of older people (Hahn et al. 2016a; Habib & Hui 2017), workers (Gupta & Vovsha58

2013; De Palma et al. 2015) and whole populations (Gliebe & Koppelman 2005; Bhat et al. 2013; Lin &59

Wang 2014). However, enhanced understanding is required to investigate how retirement changes activ-60

ity patterns. Though in retired households, the couples obtain more flexible time to schedule, ageing and61

decreased-income problems might discourage them from participating in out-of-home activities. Thus, a62

contrastive study should be conducted. As summarised in Table 1, the affecting variables for the workers’63

activities are working time, commuting time, income, age, and vehicle ownership; affecting variables for64

older people are economic status, age, health condition, and built environment.65

Second, although the activity-based model has been developed and applied in various Western coun-66

tries such as the USA (Bradley & Vovsha 2005; Bernardo et al. 2015), Australia (Ho & Mulley 2013),67

France (De Palma et al. 2015), and Canada (Habib 2015), it remains not fully explored in Asia. The68

built environments and social-demographics in Asia are very different from that of the West, particularly69

for those cities with high density and transit-oriented development in urban areas. Analysis of activity70

patterns of the older population in Hong Kong would shed light on the ageing problem in high-density71

Asian cities. Loo et al. (2017) investigated the neighbourhood environment related to the health of se-72

niors living in Hong Kong, Singapore, and Tokyo, and they ascertained that the proper use of walking73

aids could allow seniors to be more active. Zhang & Fujiwara (2006) studied elderly people’s activity74

time allocation in a depopulated region of Japan, in which individuals without a driving license are more75

sensitive to bus travel time. More studies are required to fully depict the activity patterns in Asia.76

Third, although the intra-household interactions for activity-travel behaviours have been analysed77

for more than a decade (Bhat & Pendyala 2005; Timmermans & Zhang 2009; De Palma et al. 2014),78

examining the intra-household interactions for the older population is not sufficient. Zhang & Fujiwara79

(2006) investigated diverse group decision mechanisms in a household time allocation model, in which the80

elderly couples were employed to validate the model’s practicality. In their paper, a substantial number81

of elderly people continued to work. Lai et al. (2018) studied the intra-household interactions in two-82

member households in Hong Kong, learning that retired people have the least bargaining weight in the83

group decision for a discrete activity choice. Investigation remains lacking on the interplay within a84

retired couple for time allocation in activity participation.85
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Table 1: Summary on the analysis on the retired and workers’ activities

Related researches
Region Activity Population

Empirical findings related to the studied problems
Western Asian AH⇤ D Mai Man W R N

Gliebe and Koppelman, 2005 USA
p p

The retired value joint travel more than the working ones.

Ho and Mulley, 2013 Australia
p p p p

More joint Mai and D activities on weekend.

Habib and Hui, 2017 Canada
p p p p

Older people have less variety in activity-travel behaviours.

Habib et al., 2017 Canada
p p p p

Lower income population is less active.

Zhang and Fujiwara, 2006 Japan
p p p

Travel time variation changes the elderly couple’s activity.

Kato and Matsumoto, 2009 Japan
p p p

Age, income and job affect the leisure activity.

Lin and Wang, 2014 HK
p p

Working people have fewer joint leisure activities.

Bradley and Vovsha, 2005 USA
p p p Joint Man. has extra gain for working couples, and joint

non-Man. has extra gain for retired couples.

Gupta and Vovsha, 2013 USA
p p p

Working couples synchronise their departure time for work

to stay at home jointly for a longer time.de Palma et al., 2015 France
p p p

Bhat et al., 2013 USA
p p p p Senior have more out-of-home activities, while the

long-working-time people have less.

Hahn et al., 2016 Korea
p p p Gender, income, driver license and car ownership affects the

trip making.

Ravulaparthy et al., 2016 USA
p p p p Gender, income, driver license and car ownership affects the

trip making.

This paper HK
p p p p p p The retired and working couples are contrastively studied to

discover their differences from similarities.

⇤ AH: at-home; D: discretionary; Mai: maintainance; Man: mandatory; W: workers; R: retired; N: not specific.86
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Fourth, at-home and out-of-home activities throughout the entire day are considered simultaneously.87

Most the existing studies only consider one or several out-of-home activities. For instance, Gliebe &88

Koppelman (2005) studied the work, education and discretionary tours in a household; Gupta & Vovsha89

(2013) analysed the synchronisation behaviours of a working couple’s departure time for work in the90

morning. Ignorance of all-day activity participation and time allocation results in difficulties in under-91

standing the trade-off in time use among different activities within a day. In this paper, the whole-day92

activities are analysed.93

1.2.2. Activity-based models94

Figure 2 presents existing models for activity modelling. The following discusses the three streams95

of modelling.96

Activity 1

Activity 2

Activity n

Decide

Activity 1

Activity 2

Activity n

Affect

Activity 1

Activity 2

Activity n

Jointly decide

Activity 1

Activity 2

Activity n

Behavioral 
assumption

Models

Individual model

Social influence model

Group decision model

Dimensions of 
dependence

One’s decision 

is independent 

of others

One’s decision 

can be 

influenced by 

others

Group 

members 

jointly make 

decisions

Decide

• Zhang and Fujiwara (2006): 

SUR; Japan; elderly couples

• Bhat et al. (2013): 

MDCEV; USA; all households

• Bernardo et al. (2015):

MDCEV; USA; couples with children

• Sener and Bhat (2007)

MDCEV; USA; 

Children’s companion

• Wang and Li (2014): 

SEM; Hong Kong; 

Joint activity and social network

• Bhat (2005; 2008): 

MDCEV; USA; all individuals

• Habib et al. (2017): 

CUSTOM; 

Canada; non-workers

Literature and applications

• This paper

MDCEV-MC*; Hong Kong; 

Retired and working couples

Among activities

Among activities

Among individuals

Among activities

Among individuals

Among solo and 

joint activities

Among joint 

activities

Major components in this paper * MDCEV-MC : MDCEV model with multiple constraints

Figure 2: Existing models for activity modelling

The first stream is the individual model an underlying assumption that an individual’s choice is inde-97

pendent of other decision makers. Bhat (2005; 2008) proposed a multiple discrete continuous extreme98

value (MDCEV) model in which activity duration is considered as a time allocation problem. In Habib &99

Hui (2017), the CUSTOM framework is proposed, which is a combination of a discrete choice model (to100

determine whether to participate) and a time duration regression model (to determine activity duration).101
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Individual models assume that decision makers are independent. As discussed in Walker et al. (2011),102

social influence is significant for individuals’ decision making. Therefore, social influence on one’s ac-103

tivity choice decision is considered in the second stream of models. For instance, based on a conventional104

MDCEV model, Sener & Bhat (2007) analysed children’s activity with different companions in the USA.105

Lin & Wang (2014) studied how the social network influenced one’s solo and joint discretionary activities106

in Hong Kong. A structural equation model (SEM) is used to model the interdependencies of activities.107

Although the social influence model relaxes the restriction on the independence of decision makers,108

the individual remains considered the decision maker. Because household members’ activities are mutu-109

ally dependent, the third stream of models introduces the group decision mechanism in household activity110

modelling.111

In the group decision model, household members are assumed to coordinate to maximise the utility112

of the household. For instance, the collective model (see, Chiappori (1988); Zhang & Fujiwara (2006);113

Kato & Matsumoto (2009)), in which household members are considered separate decision makers with114

bargaining weights, and they coordinate their time schedules to achieve the Pareto optimal of the house-115

hold. Another group decision model, the unitary model, is also frequently employed. For example, the116

MDCEV model in Bhat et al. (2013) and Bernardo et al. (2015), in which the interaction process of117

household members is considered implicit, and the household is conceptualised as the decision maker,118

who allocates time for each activities for each member, to maximise the household’s total benefit. In par-119

ticular, Bhat et al. (2013) discussed the advantages of a household-level MDCEV model over a collective120

model specification, where the bargaining weights can be represented by the satiation parameters in the121

MDCEV model. It seems that the MDCEV model is a suitable approach to model the group decision122

mechanism in joint activity participation and time allocation.123

However, there is one limitation in the household-level MDCEV model. Because only one decision124

maker (the household) is considered in the model, there is only one time constraint - the total available125

time of the household, which could be impractical when household members have different time con-126

straints, e.g., workers with different working hours have different available time for discretionary activi-127

ties. Ignoring this fact may cause possible biased outcomes. In this case, a MDCEV model with multiple128

constraints (MDCEV-MC) (Castro et al. 2012) would be more suitable. However, the model with multiple129

time constraints is not provided in Castro et al. (2012), neither the estimation method nor the forecast-130

ing algorithm. It is unclear how to model the household time allocation problem in the MDCEV-MC131

framework. More investigation is required.132
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1.2.3. Dimensions of correlations133

Considering the complicated interdependencies in the joint activity choice problem, there also lies134

multiple dimensions of correlations. In the individual model, only one dimension of correlation can be135

analysed - the dependence among activities. Concerning the social influence model, one more dimension136

of correlation can be modelled - the dependence among individuals.137

In the group decision model, more dimensions of correlations can be considered. For instance, the138

unobserved correlations can be modelled by incorporating the non-IID (Independent and identically dis-139

tributed) normal distributions, similar to conventional tour-based or time allocation models.140

In particular, two specific correlations are investigated in this paper:141

• Correlations between solo and joint activity.142

Motivations: why are some activities preferred for joint participation and some preferred for solo143

participation? Is there a net effect from joint participation compared with solo participation? Is144

the net effect always positive, e.g., extra gain from join participation? Can we discover household145

members’ altruistic behaviours from the group decision based on net effects?146

• Correlations among joint activities. Motivations: do some households prefer joint participation for147

all activities? How can we disentangle such household preferences by observed variables? Are148

there possibly unobserved correlations among joint activities? Which joint activities are positively149

correlated, and which are negatively correlated? What are the implications of this evidence?150

Concerning these two issues, very few related works have been found. The investigations of these151

problems are the two features of note of this paper.152

2. Research problems and contribution153

Summarising the literature review, four research gaps are found and therefore four research problems154

are investigated in this paper.155

• P1: to model intra-household interaction in a retired/working couples’ joint activity choice prob-156

lem.157

• P2: how is the whole-day activity-chains related to retired/working couples’ social-demographics,158

transportation system and built environment, particularly in a transit-dependent city?159

• P3: Are there net effect (extra gain/loss) from joint activity participation compared with solo? And160

what is the distribution among populations?161
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• P4: Are there correlations among joint activities participations, in which couples who enjoy each162

others’ accompany would have more joint activities?163

Based on the raised research problems and literature review, the contribution of this paper are sum-164

marised.165

From a methodological point of view: first, a MDCEV-MC model is firstly used in a household166

activity participation and time allocation problem to consider the heterogenous time constraints of house-167

hold members. Second, the net effect is firstly proposed to reveal one’s extra gain or loss from joint168

activities participation, to further investigate altruistic behaviours of household members. Third, the169

correlations among joint activities are firstly reviewed from a household-taste’s point of view, to elicit170

couples’ preferences for companionship.171

From an empirical point of view: first, the activity-travel behaviours of retired and dual-workers172

couples are contrastively analysed for the first time. Second, the intra-household interaction is firstly con-173

sidered in older people’s activity participation and time allocation problem, in which whole day activities174

are all analysed. Third, the effect of mixed land use, high density, and transit-dependent built environment175

are analysed.176

2.1. Structure of this paper177

The rest of the paper is described as follows. Section 2 presents the model structure for the house-178

hold’s time allocation problem, in which the activity type, timing, duration, participants, and time con-179

straints of household members are jointly studied. The parameter estimation approach and forecasting180

algorithm are also presented. The household survey data from Hong Kong will be empirically analysed181

in section 3, in which two-member households with working or retired couples are contrastively studied.182

This section reveals the group decision mechanism in the joint activity participation and time allocation183

problem. In particular, it reveals the nature of net effect from joint participation, and also the correlation184

among joint activities, to shed light on the individual and household preferences. In section 4, based on185

calibrated models, two scenarios are analysed to see how the improvement of transportation system and186

future life style (namely, telecommuting, online shopping and food delivery) change the activity-travel187

behaviours. The conclusion of the paper is presented in the last section.188

3. A group decision model for joint household activity participation and time allocation189

3.1. Utility for time allocation190

In a household, members are assumed to coordinate to achieve a maximised total utility for the house-

hold rather than for individuals. Total household utility can be decomposed into sub-utilities of alterna-
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tives, where the sub-utility of allocating time tk in activity k is

uk(tk) = gkyk ln
✓

tk
gk

+1
◆
, (1)

where gk represents the satiation effect, which reduces the marginal utility with increasing consumption

time of activity k. A higher value of gk means a lower satiation effect. gk also plays the role of the relative

weight for each activity. In addition, gk introduces corner solutions for k (that is, zero consumption for

k). Note that in many existing studies that considered the group decision mechanism in household time

allocation (Zhang & Fujiwara 2006; Kato & Matsumoto 2009), this satiation effect is assumed equal to 1.

yk is the baseline utility to represent the benefit of one unit of consumed time invested in activity k, or the

marginal utility at the point of zero consumption. Let N be the set of members in household g. yk can be

specified as a multiplicative combination of baseline utility terms associated with household members,

yk = ’
n2N

yk(n), (2)

where Eq. (2) is the Nash-type form, which is a specific case of the iso-elastic utility function form for

group decision-making (See Zhang & Fujiwara (2006) for more discussion on various group decision-

making mechanisms in transportation analysis). In this case, the members identify their baseline utilities

for activity k, and then the household baseline utility for activity k is built based on the negotiating result.

Eq. (2) can be specified as

yk = ’
n2N

yk(n) = ’
n2N

exp(qnxn +qngxg +qnkxk +qngkxngk +hk), (3)

where xn represents member n’s individual characteristics, xg represents household g’s characteristics,191

xk represents the activity’s attributes, xngk represents the interaction variables, and hk is an error term.192

Note that only the baseline utility (as opposed to total utility) takes the Nash-type form. As suggested193

by Bhat et al. (2013), this specification is consistent with the notion that the intra-household interaction194

for activity choice involves two parts: (1) a discrete component, which is whether to undertake a specific195

activity; and (2) a continuous component, which is the amount of time to invest. The discrete choice196

decision is controlled by the baseline utility, which considers all members baseline utilities. It implies197

that a household baseline utility should be built initially for each activity, and then the time allocation can198

be determined.199

Eq. (3) can be rewritten as

yk = exp(bkz+hk), (4)

where z is a vector of exogenous variables (including constants) of activity k, and z includes variables of200

activity attributes, individuals’ and household’s characteristics and interaction components; and bk is a201

10



vector of parameters to be estimated. This specification guarantees the positivity of the baseline utility.202

yk can be considered the expected maximum baseline utility for n to participate in k, and hk can be203

considered the residual.204

For a couple, n and m are denoted for the husband and wife, respectively. K is denoted as the total

number of activities, and each activity can be undertaken independently or jointly. Therefore, the time

allocation for n is denoted as tn = [tn1, tn2, ..., tnK , tJ1, tJ2, ..., tJK ], where is the allocated time by n to pursue

the first activity independently, and J is the time spent on the first activity with m jointly. Similarly,

the time allocation for m is tm = [tm1, tm2, ..., tmK , tJ1, tJ2, ..., tJK ]. Therefore, the sub-utility functions of

activities independently and jointly undertaken by n and m are

Un = yn1 ln(tn1 +1)+
K

Â
k=2

gnkynk ln
✓

tnk

gnk
+1

◆

| {z }
Time allocation of solo activities undertaken by husband

, (5)

Um = ym1 ln(tm1 +1)+
K

Â
k=2

gmkymk ln
✓

tmk

gmk
+1

◆

| {z }
Time allocation of solo activities undertaken by wife

, (6)

Uj =
K

Â
k=1

gJkyJk ln
✓

tJk

gJk
+1

◆

| {z }
Time allocation of joint activities

, (7)

where activity n1 and m1 are the non-zero consumption activities (the ”outside good”) for member n and205

m. The outside good is represented by an independently undertaken activity, in which each individual206

would have a certain amount of alone time that, for instance, it could be the alone time during n stays207

at home. Therefore, the utility of one unit of time to consume this alternative can be considered the208

numeraire utility for all other activity utilities.209

3.2. Choice set composition210

The alternatives in the choice set are the same as the ”activity purpose - participating individual”211

combinations in Bhat et al. (2013). Therefore, for a couple n and m, and when there are two activities212

A1 and A2 that can be undertaken, then the alternatives in our model are [A1 solo-participation by n,213

A1 solo-participation by m, A2 solo-participation by n, A2 solo-participation by m, A1 joint-participation214

by n and m, A2 joint-participation by n and m]. Note that for a household with N members and K215

activities, the conventional discrete choice analysis (DCA) model has the choice set with 2K⇥(2N�1)� 1216

alternatives if we enumerate all possible subsets of household members for joint activity participation,217

in which the proposed model only has the choice set with only K ⇥ (2N � 1) alternatives. In addition,218
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the utilised specification is extendable for households that are more than two members. Although the219

number of alternatives would be exploded as the number of household members increases, the employed220

approach substantially shrinks the choice set size compared with a conventional DCA model. In addition,221

this specification is still practical as most households have less than five members (e.g. a majority of222

households in Hong Kong have no more than five members), where the number of alternatives is still not223

large.224

3.3. Model structure225

The total household utility function is computed as the summation of sub-utilities, as shown in Eq.

(8). All household members are assumed to coordinate to achieve the best time allocations for tn and tm,

so that the household’s utility Unm(tn,tm) is maximised. Therefore, we have

max Unm(tn,tm) =Un +Um +UJ (8)

s.t.
K

Â
k=1

tJk +
K

Â
k=1

tnk = Tn, (9)

K

Â
k=1

tJk +
K

Â
k=1

tmk = Tm, (10)

where Unm(tn,tm) is increasing and continuously differentiable; tn,tm > 0,8k 2 K, are the consumed226

time; and Tn and Tm are time budgets for n and m, respectively.227

3.4. Correlations among alternatives228

The model specification above assumes an independent and identical distribution (IID) of error terms229

among alternatives. To relax this assumption and to capture the unobserved correlations among alterna-230

tives, we specify a correlated error structure for the model. The utility is a combination of two compo-231

nents, in which the baseline utility decides ”whether to participate”, and the satiation effect decides ”how232

long to participate”. The correlations of activities can exist in both of these components. Therefore, the233

covariance matrix is specified for both of these components.234

First, we investigate whether the participations of activities are correlated. Therefore for the baseline235

utility, the error term hk in Eq. can be decomposed into two components, ek and xk. ek follows an236

IID type-I extreme value distribution, and xk follows a multivariate normal distribution with zero means237

and a covariance matrix Sk. In particular, xk captures the unobserved correlations among ”whether to238

participate in an activity”.239

Second, we investigate whether the durations of activities are correlated. Thus, the satiation parame-240

ters are specified as gk = exp(wkz+ zk), where wk is a vector of parameters to be estimated. zk follows241

12



a multivariate normal distribution with zero means and a covariance matrix S
z

. In particular, zk captures242

the unobserved correlations among the activity durations.243

Third, we investigate the net effect from joint activity compared with solo participation. The under-

lying assumption is that, if the couples would like to participate joint activity, they should obtain more

utility (extra gain) compared with solo participation. Similarly, if one activity is preferred to be under-

taken as a solo activity, this preference suggests that there is extra loss from joint participation. The model

structure facilitates this goal. We perform a pairwise comparison of the sub-utilities, and the net effects

are defined as follows.

NETnk =UJk(t)�Unk(t) for the husband, and (11)

NETmk =UJk(t)�Umk(t) for the wife. (12)

Thus, we can compute the net effect for a certain population segment, e.g., age or income. Similarly,244

we can compute the net effect for baseline utility and satiation effect respectively, to investigate the utility245

difference between the joint and solo activity of ”whether to participate” and ”how long to participate”.246

3.5. Model parameter estimation247

Eq. (8) has two time constraints that are different from the specifications in Bhat et al. (2013) and

Bernardo et al. (2015). Therefore, a MDCEV-MC model is employed. Putting Eq. (5), Eq. (6) and Eq.

(7) into Eq. (8), we construct the Lagrangian as

L =gn1yn1 ln
✓

tn1

gn1
+1

◆
+

K

Â
k=2


gnkynk ln

✓
tnk

gnk
+1

◆�

| {z }
Husband’s solo activities

+gm1ym1 ln
✓

tm1

gm1
+1

◆
+

K

Â
k=2


gmkymk ln

✓
tmk

gmk
+1

◆�

| {z }
Wife’s solo activities

+
K

Â
k=1


gJkyJk ln

✓
tJk

gJk
+1

◆�

| {z }
Joint activities

�ln

"
K

Â
k=1

tJk +
K

Â
k=1

tnk �Tn

#
�lm

"
K

Â
k=1

tJk +
K

Â
k=1

tmk �Tm

#

| {z }
Time constraints

(13)

where ln and ln are Lagrangian multipliers corresponding to the time constraints Tn and Tm. By ap-

plying the Karush-Kuhn-Tucker (KKT) first-order conditions for the household’s optimal time allocations
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t⇤ = [t⇤n1, t
⇤
n2, ..., t

⇤
nK , t

⇤
m1, t

⇤
m2, ..., t

⇤
mK , t

⇤
J1, t

⇤
J2, ..., t

⇤
JK ], we have

enk =Wnk, if t⇤nk > 0,k = 2,3, ...,K, (14)

enk <Wnk, if t⇤nk = 0,k = 2,3, ...,K, (15)

Wnk =z(bn1 �bnk)+ en1 +xn1 �xnk

+ ln(gn1|zn1)� ln(gnk|znk)� ln(t⇤n1 + gn1|zn1)+ ln(t⇤nk + gnk|znk),k = 2,3, ...,K, (16)

emk =Wmk, if t⇤mk > 0,k = 2,3, ...,K, (17)

emk <Wmk, if t⇤mk = 0,k = 2,3, ...,K, (18)

Wmk =z(bm1 �bmk)+ em1 +xm1 �xmk

+ ln(gm1|zm1)� ln(gmk|zmk)� ln(t⇤m1 + gm1|zm1)+ ln(t⇤mk + gmk|zmk),k = 2,3, ...,K, (19)

eJk =WJk, if t⇤Jk > 0,k = 1,2, ...,K, (20)

eJk <WJk, if t⇤Jk = 0,k = 1,2, ...,K, (21)

WJk = ln(S)� ln(Lk),k = 1,2, ...,K, (22)

S =
(gn1|zn1)exp(bn1z+ en1 +xn1)

t⇤n1 + gn1|zn1
+

(gm1|zm1)exp(bm1z+ em1 +xm1)

t⇤m1 + gm1|zm1
, (23)

L =
(gJk|zJ1)exp(bJkz+xJk)

t⇤Jk + gJk|zJk
. (24)

We do not present the whole derivation of above equations in this paper, since existing literature (see248

Bhat (2005; 2008), and Castro et al. (2012)) have presented these steps in a similar approach.249

Without loss of generality, we assume that the first Qn and Qm of the total K activities are indepen-250

dently participated in by husband and wife, and the first QJ of the total K activities are jointly undertaken.251

Under the assumptions that the unobserved terms e are independently distributed across all alternatives252

(k = 1,2, ...,K) and independent of z, and follow a standard extreme value distribution with scale param-253

eter s , the probability of the optimal time allocation where the household chooses the first Qn, Qm and254

QJ of the K activities, given ✓ = (en1,en2,xn1,xn2, ...,xJK ,zn1,z n2, ...zJK), is:255

Pr(t⇤n2, ..., t
⇤
nQn ,0, ...,0, t

⇤
m2, ..., t

⇤
mQm ,0, ...,0, t

⇤
J1, ..., t

⇤
JQJ

,0, ...,0|✓)

=

"
det(J)|✓⇥

Qn

’
k=2

1
s

g
✓

Wnk|✓
s

◆
⇥

Qm

’
k=2

1
s

g
✓

Wmk|✓
s

◆
⇥

QJ

’
k=1

1
s

g
✓

WJk|✓
s

◆#

⇥
"

K

’
k=Qn+1

G
✓

Wnk|✓
s

◆
⇥

K

’
k=Qm+1

G
✓

Wmk|✓
s

◆
⇥

K

’
k=QJ+1

G
✓

WJk|✓
s

◆#
(25)

where g is the standard extreme value density function, G is the standard extreme value cumulative256
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distribution function, and det(J)|✓ is the determinant of the Jacobian J conditional on the error terms of257

the first activity participated by n and m.258

The first component on the right side of Equation (25) involves the density of the (K � 2) cho-259

sen alternatives based on a change-of-variable calculus (the transformation from the random utility er-260

rors (ei j, i = n,m,J; j = 2,3, ...,K for i = n,m; j = 1,2, ...,K for i = J) to the activity durations (ti j, i =261

n,m,J; j = 2,3, ...,K for i = n,m; j = 1,2, ...,K for i = J) generates the Jacobian J; the first activity that262

independently participated by n and m do not appear in this term because they can be derived from the263

consumption of the other activities).264

The second component on the right side of Equation (25) involves the probability of the activities265

that are not participated (Qn + 1,Qn + 2, ...,K,Qm + 1,Qm + 2, ...,K,QJ + 1,QJ + 2, ...,K). This is ob-266

tained by integrating (e⇤nQn+1, ...,e
⇤
nK ,e

⇤
mQm+1, ...,e

⇤
mK ,e

⇤
JQJ+1, ...,e

⇤
JK) over the region consistent with no-267

participation, based on the KKT inequalities in Equation (14-24) in the manuscript.268

Integrating out the error terms en1 and em1 from Equation (25), and also consider the error terms of269

xn1,xn2, ...,xJK ,zn1,z n2, ...zJK , the unconditional probability can be computed as270

Pr(t⇤n2, ..., t
⇤
nQn ,0, ...,0, t

⇤
m2, ..., t

⇤
mQm ,0, ...,0, t

⇤
J1, ..., t

⇤
JQJ

,0, ...,0)

=
Z •

en1=�•

Z •

em1=�•

Z •

xn1=�•
...

Z •

xJK=�•

Z •

zn1=�•
...

Z •

zJK=�•
Lden1dem1dxn1...dxJKdzn1...dzJK

(26)

where

L = det(J)⇥
"

Qn

’
k=2

1
s

g
✓

Wnk

s

◆
⇥

Qm

’
k=2

1
s

g
✓

Wmk

s

◆
⇥

QJ

’
k=1

1
s

g
✓

WJk

s

◆#

⇥
"

K

’
k=Qn+1

G
✓

Wnk

s

◆
⇥

K

’
k=Qm+1

G
✓

Wmk

s

◆
⇥

K

’
k=QJ+1

G
✓

WJk

s

◆#

⇥ f (en1) f (em1) f (xn1)... f (xJK) f (zn1)... f (zJK)

(27)

J results from a change-of-variable technique to obtain the density of "=(en2, ...,enK ,em2, ...,emK ,eJ1,eJ2, ...,eJK)

from t⇤ = [t⇤n2, ..., t
⇤
nK , t

⇤
m2, ..., t

⇤
mK , t

⇤
J1, t

⇤
J2, ..., t

⇤
JK ]. Therefore, J is a (Qn+Qm+QJ �2)⇥(Qn+Qm+QJ �

2) matrix, in which the element is

Ji j =
∂ei

∂ t j
, i, j = n2, ...,nQn,m2, ...,mQm,J1, ...,JQJ . (28)

We use simulation-based maximum likelihood estimation. O is the number of observations. Drawing

R sets of (en1em1xn1...xJKzn1...zJK) for each observation o, the log-likelihood function is

LL =
O

Â
o=1

"
1
R

R

Â
r=1

Prr(en1em1xn1...xJKzn1...zJK)

#
. (29)
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Readers are referred to (Train 2009) for more details of the simulation-based maximum likelihood271

estimation.272

3.6. Forecasting273

Based on Pinjari & Bhat (2010), the forecasting algorithm is reformulated and presented. The al-274

gorithm is an incremental enumeration method. It includes three basic steps, as shown in Algorithm275

1.276

Algorithm 1: Forecasting algorithm for the household-level MDCEV-MC model
Input: Exogenous variables z and estimates jnk , jmk , jJk , gnk , gmk , gJk , and the simulated error terms

enk,emk,eJk,xnk,xmk,xJk,znk,zmk,zJk , k = 1,2, ..,K.

Output: Lagrange multipliers ln and lm; the numbers of consumed activities Qn, Qm, and QJ ; and optimal time allocations

of t⇤nk , t⇤mk , and t⇤Jk , k = 1,2, ..,K.

Step 1: Initiation. Assume that only the outside goods for members n and m are consumed, denote Qn = 1, Qm = 1, and

QJ = 0.

Arrange jnk(k = 2, ...,K) of K solo activities in the descending order, with jn1 in the first place.

Arrange jmk(k = 2, ...,K) of K solo activities in the descending order, with jm1 in the first place.

Arrange jJk(k = 1, ...,K) of K joint activities in the descending order.

Step 2: Lagrange multipliers and consumption of outside goods. Compute the values of ln, lm, t⇤n1, and t⇤m1 using the

methods above.

Step 3: Consumptions of activities (inside goods).

for i = 1 : K do

if i > 1 and (ln > jni or i = K) then
The first i solo activities are consumed by member n.

Compute the optimal consumptions using t⇤nk = gnkjnk/ln � gnk .

Return Qn = i, and t⇤nk , k = 2, .., i.

end

if i > 1 and (lm > jmi or i = K) then
The first i solo activities are consumed by member m.

Compute the optimal consumptions using t⇤mk = gmkjmk/lm � gmk .

Return Qm = i, and t⇤mk , k = 2, .., i.

end

if ln +lm > jJi or i = K then
The first i joint activities are consumed.

Compute the optimal consumptions using t⇤Jk = gJkjJk/(ln +lm)� gJk .

Return QJ = i, and t⇤Jk , k = 1,2, .., i.

end

end

277

As discussed by Pinjari & Bhat (2010), we can start from the assumption that only the outside goods278

are consumed, and then verify this assumption by examining the KKT conditions for other (assumed to279

be) non-chosen activities step by step. The algorithm stops until either the KKT conditions are met, or280
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the assumed number of chosen activities reaches the maximum number K.281

4. Empirical analysis282

4.1. Data description283

A sample from the 2011 Hong Kong Travel Characteristic Survey (TCS) is used for the model calibra-284

tion. The survey includes the daily activity diaries of 101,384 individuals, which covers approximately285

1.5% of the total population in Hong Kong. In total, 35,401 households were surveyed, and 122,237 trips286

were recorded. Based on the reported trips, activities3 were derived between trips. Only activity chains287

that meet the following conditions are analysed in this paper: (1) Out-of-home activities were conducted;288

(2) It started from home; and (3) It ended at home.289

Table 2: Description of activities of the working and retired couples on weekdays.

Working couples Retired couples

#Couples (observations) 1571 (3142) 290 (580)

#Observations

#Out-of-home activities (non-mandatory) 193 (36 joint⇤) 610 (396 joint)

#Shopping - 274 (166 joint)

#Eat-out - 150 (100 joint)

#Leisure - 128 (90 joint)

#Maintenance - 58 (40 joint)

%Joint out-of-home activities 18.7% 64.9%

Average

duration (h)

Working time †

Workers who had out-of-home activities 8.08

Workers who did not have out-of-home activities 9.42

At-home activities

Evening at-home joint‡ 6.52 8.60

Evening at-home solo 1.76 2.09

Out-of-home activities (non-mandatory) 1.79 2.28

Shopping - 2.21

Eat-out - 1.78

Leisure - 3.52

Maintenance - 1.60

⇤ 38 out of 162 out-of-home activities are jointly participated.290

3The activity type was inferred from the destination of the trip, for example, the activity was identified as ”shopping” if the

destination of the trip is ”Market/shopping arcade/shops/supermarket”, and the purpose of the trip is not work-related. Outliers,

e.g., 8 hours for shopping, were excluded.
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† With possible lunch break. The ”out-of-home activities” are non-mandatory.291

‡ ”Evening at-home” indicates the at-home activity after the last out-of-home activity. The reference day (24 hours) was from 3am292

of the day before the interview to 3am of the day of interview.293

Households with members who are couples are selected for analysis, because they are mostly the294

decision makers in a household. In addition, we are motivated to study the senior’s activity patterns295

because of the ageing population issue in Hong Kong. In our sample, a substantial number of the retired296

couples live alone without relatives or friends. Therefore, for a contrastive analysis, we selected the297

households with only two members who are working couples for the comparison. Doing so simplifies our298

study, in which the social influence from the spouse and the net effects from the joint activities are easily299

disentangled. Moreover, the factors affecting both the working and retired populations are identified,300

making it easier to identify the factors that only affect the retired population. Based on the results, it301

is easier to study more intra-household interactions in which more household members are considered.302

Finally, a total of 1861 two-member households were selected, including 1571 working couples and 290303

retired4 couples.304

The description of the dataset is presented in Table 2. The mandatory activity is not studied in this305

paper, because it has relatively less flexibility for scheduling. The first part of Table 2 reports the number306

of observations for non-mandatory out-of-home activities5. Among the 1571 working couples, there307

are only 162 observations of out-of-home activities after work, and only 23.5% of these activities were308

jointly participated in6. The last point suggests that on a weekday, joint out-of-home activities after work309

might not be preferred for the workers. Conversely, the number of out-of-home activities is much greater310

for the retired; therefore, we further classified them into four subgroups: shopping, eating-out, leisure,311

and maintenance. Moreover, more than 70% of their out-of-home activities were participated in jointly,312

suggesting that the availability of more flexible time for retired couples than for working couples offers313

the former more oppotunities for out-of-home activities.314

The second part of Table 2 reports the average durations of activities. Workers with out-of-home315

4The official retirement age in Hong Kong is 60 for government-related sectors, and 65 for private-enterprise sectors. The

”retired” status is reported by the respondent when the respondent did not participate in any part-time or full-time jobs in previous

or next 7 days in relation to the survey day.
5For simplicity, the ”out-of-home activities” in the rest of this paper are all non-mandatory.
6This percentage is due to the design of the survey: only the mechanised trips and the walking trips (more than 10 minutes) are

recorded. Therefore, some out-of-home activities are not available to us, such as fast-food trips or grocery shopping downstairs. In

other words, the survey captures the relatively important out-of-home events: the worker must take a ride (or walk more than 10

minutes) for the out-of-home activity after work. Thereafter, the workers must take a ride (or walk more than 10 minutes) for the

next destination.
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activities had relatively shorter working times, because their post-work time is less squeezed. Concerning316

out-of-home activities, the average durations are all longer than one hour4, and the retired spent more317

time on out-of-home activities than working couples did. Specifically, the average time spent on leisure318

activities is the largest, which includes for example fishing, camping, and visiting tourist attractions.319

Shopping activity ranks second, possibly due to the multifunctional shopping malls in Hong Kong, at320

which seniors can achieve various tasks (Lord et al. 2011).321

4.2. Model specification and parameter estimation322

Considering the different activity patterns of working and retired couples, different models are speci-323

fied for them. Various exogenous variables were considered in the model, and the specifications with the324

best goodness-of-fit are presented in Table 3, Table 4 , Table 5 and Table 6.325

In each model, the ”staying at home” time is decomposed into two parts: AM (from 3:00 to the first326

out-of-home activity) and PM (from the end of the last out-of-home activity to 3:00 of the next day). From327

a modelling point of view, the very long staying at home time (as compared to out-of-home activities)328

would make the estimation difficult. Therefore, it would be easier to estimate parameters if this long329

period is broken into two parts. From a behaviour point of view, people have different feelings for the330

AM and PM at home time: the former one would be more tense, e.g. for a worker who should mind331

whether he/she would be late for work; while the latter one would be more relaxed, since it represents the332

end of day, and he/she can relax and spend time with household members. In this regard, the AM at-home333

time is used as the outside good, where we do not further specify whether this period is alone or with the334

spouse, since this time slot is more tense, and do not have much flexibility to schedule. As for the PM335

at-home time, which is more flexible for scheduling, we further specify it as ”PM at-home solo” and ”PM336

at-home joint”, where the person can decide whether he/she would spend this at-home time alone, with337

the spouse, or participate out-of-home activities.338

Only approximately 10% of the working couples had out-of-home activities, and the number of joint339

activities is small. Therefore, their out-of-home activities were not further classified into subgroups. In340

addition, on weekdays, the time for at-home activities before work (when to get up and when to depart for341

work) and mandatory activities are mostly fixed for each worker. Therefore, we only analyse the workers’342

after-work time allocation problem. Because the retired couples do not have mandatory activities, all of343

their time is available for scheduling. In addition, it is important to analyse their out-of-home activities344

because of the ”social exclusion” issue, which would largely decrease their quality-of-life (Habib &345

Hui 2017). For instance, they might reduce the frequency of out-of-home activities due to disabilities,346

poverty, or lack of convenient transportation modes. Therefore, we focus on the retired couples’ out-of-347
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home activities, which were further classified into four subgroups: shopping (non-maintenance purpose),348

eating out, leisure (e.g., recreation and family visit) and maintenance (e.g., hospital).349

Travel time is specified in two parts. First, the travel time to one activity is attached to that activity350

as a whole component in time allocation. Second, unlike the spent time into activity which is specified351

as utility, travel time is mostly considered as disutility. Therefore, the longer travel time and the more352

inconvenient of the transportation mode to participate an activity, the less attractive of that activity. As353

such, the travel time of all transportation modes are specified as Zhang & Fujiwara (2006), where the354

travel time of the trip to the activity is specified in the baseline utility function. As for unchosen activities,355

travel time is approximated from similar sample (respondent of similar social-demographics that lives in356

similar neighbourhood).357

4.2.1. Results for working couples358

Results presented in Table 3 suggest that, the non-working time slot and Friday would increase the359

couples’ willingness to participate in out-of-home activities, as expected. Concerning age, being young360

would lead to a lower baseline utility for the out-of-home activity, possibly because workers younger than361

50 years old are the major labour force in their work places and consequently have longer working days.362

Similarly, working couples with a higher income would have a lower baseline utility for out-of-home363

activities after work. In addition, those who have private houses, which also indicate a wealthy status7,364

would be less likely to pursue out-of-home activities, possibly because high-income couples can have365

longer working days; thus, their post-work time and energy are squeezed (Bhat et al. 2013). Therefore,366

there will be less participation time for out-of-home activities for this population. As shown in Table367

3, their willingness for out-of-home activities decreases because of long work days or commuting time.368

This is an intuitive inference because working and travelling are time and energy consuming; thus, their369

post-work time and energy for out-of-home activities are reduced.370

Concerning out-of-home activities after work, results from Table 5 suggest that, although being371

younger, high income and a private household would decrease the working couples’ participation time in372

out-of-home activities, but these attributes would increase the durations of their out-of-home activities.373

This is an intuitive inference because being younger, they would be more energetic and thus would spend374

more time at out-of-home activities. In addition, out-of-home activities in the urban area usually require375

monetary expenses, such as eating-out in restaurants and shopping. Therefore, have a relatively wealthy376

status, such as having a high income and living in a private house, would encourage the couple to spend377

7House prices in Hong Kong are high compared with household income; the median of monthly household income in 2011 was

21,000 HKD, but the average price for a private house was approximately 7,000 HKD per square foot in 2011.
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more time in these out-of-home activities. Combining the results with baseline utility, we can conclude378

that although this population has relatively fewer out-of-home activities, once they decide to participate,379

they would spend more time than others would.380

Table 3: Parameters estimation for the baseline utility of working couples.

Variables
Estimates (significant at the 0.05 level)

Out-of-home PM⇤ at-home

Friday

Husband solo 0.15

Wife solo 0.14

Joint 0.12 -0.39

Young†

Husband solo

Wife solo -0.11

Joint -0.12 (either)
0.06 (husband)

0.34 (wife)

Housing is private‡

Husband solo -0.10

Wife solo

Joint -0.35 0.58

High household income§

Husband solo 0.07

Wife solo -0.05

Joint -0.06 0.58

Long working time⇤⇤

Husband solo 0.16

Wife solo -1.28 0.50

Joint -0.29
0.07 (husband)

0.28 (wife)

Long commute time†† Joint
0.08 (husband)

0.10 (wife)

Constant

Husband solo 0.11 0.94

Wife solo 0.15 0.51

Joint 0.10 1.45

log(travel time (min))

Transit-rail -0.21

Transit-road -0.26

Private cat / Taxi -0.17

s (scale parameter of EV-distributed errors) 0.43

Non-working hours

Husband solo 1.87

Wife solo 1.90

Joint 1.86 -0.05

⇤ ”PM at-home” is the at-home activity after the last out-of-home activity.381

† Those who are not older that of 50 years old is defined as ”young”. 50 years old is set as the cut-off based on the frequency of382

out-of-home activities.383
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‡ The housing types of ”public rental” and ”subsidised sale” are set as the base.384

§ The monthly household income that higher than 40,000 HKD (1.00 USD = 7.8 HKD), which was the 75% percentile of the385

population.386

⇤⇤ Working time more than 12 hours, which takes up 16% of the workers in the dual-workers’ families.387

†† commute time to/from work was more than 1 hour, which takes up 13.7% of the workers in the dual-workers’ families.388

Table 4: Parameters estimation for the satiation of working couples.

Variables
Estimates (significant at the 0.05 level)

Out-of-home PM⇤ at-home

Young

Husband solo -3.73

Wife solo 0.66

Joint 0.70 0.19 (husband)

Housing is private

Husband solo -2.75

Wife solo 0.93

Joint 1.12 -4.20

High household income

Husband solo 1.72

Wife solo 0.93

Joint 1.12 -4.20

Short working time⇤ Joint
-0.43 (husband)

-0.10 (wife)

Constant

Husband solo 3.00 4.90

Wife solo 4.96 5.01

Joint 4.99 9.91

⇤ 35% of the workers in the dual-workers’ families worked less than 9.2 hours (550 min.).389

Concerning the transportation mode, transit (road) has the largest absolute value, suggesting the most390

importance. The second one is transit (rail), followed by private car/taxi. The weight for walking is not391

significant. This is an intuitive inference because the shared rate of transit in Hong Kong is over 90%,392

and workers feel that transit would be the most important mode. The reduced travel time of the public393

transport system would have more effect than other modes would.394

4.2.2. Results for retired couples395

Estimation results of baseline utility are shown in Table 5. Concerning the timing, only the estimates396

of the shopping activity are significant. The estimates for hours after 17:00 have the smallest value, sug-397

gesting that retired couples prefer to avoid the congestion of the evening peak for out-of-home activities.398

A similar result was discovered by Shoval et al. (2010); they found that most seniors would avoid the399

evening peak for out-of-home activities. Another finding is from Habib & Hui (2017), who found that400
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seniors prefer certain activities in the suburban area. Although the variables and experiments are not401

identical, we consider it intuitive that seniors have a tendency to avoid spatial and temporal congestion402

when activity scheduling.403

Table 5: Parameters estimation for the baseline utility of retired couples.

Variables
Estimates (significant at the 0.05 level)

Shop Eat-out Leisure Maintenance PM at-home

Time of day

7:30-9:30 3.58

9:30-11:00 3.46

11:00-14:00 3.18

14:00-17:00 3.02

Age < 75 yr.⇤

Husband solo 0.10 0.12

Wife solo 0.09

Joint (both) 0.11 0.08 0.13 0.08
0.29 (husband)

0.08 (wife)

Housing is private

Husband solo

Wife solo 0.10

Joint 0.11 0.28

Constant
Solo 3.29 3.52 4.76 3.70

4.80 (husband)

4.38 (wife)

Joint 3.39 5.01 5.10 4.49 7.64

log(travel time (min))

Transit-rail -0.232 (for all out-of-home and PM at-home activities)

Transit-road -0.215 (for all out-of-home and PM at-home activities)

Private cat / Taxi -0.246 (for all out-of-home and PM at-home activities)

Walk -0.259 (for all out-of-home and PM at-home activities)

s (scale parameter of EV-distributed errors) 0.69

⇤ 75 years old is set as the cut-off based on the frequency of out-of-home activities.404

Table 6: Parameters estimation for the satiation of retired couples.

Variables
Estimates (significant at the 0.05 level)

Shop Eat-out Leisure Maintenance PM at-home

Private house Joint 0.11 0.08 0.13 0.08
0.29 (husband)

0.08 (wife)

Housing is private Joint 0.28 -0.27

Constant
Solo 4.54

5.29
5.99

5.63
4.62

Joint 4.63 5.80 5.62

Age < 75 yr. Joint (both) -0.66
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For those whose housing type is private8, the retired would have a higher baseline utility for shop-405

ping and eating-out activity participation. Intuitively, that being relatively financially independent would406

encourage them to undertake more out-of-home activities, which mostly require spending money. Con-407

versely, this point reveals that there might be a ”social exclusion” issue for the retired in a poor economic408

condition, in which they engage in out-of-home activities with a lower frequency. Similar implications409

were uncovered by Moniruzzaman et al. (2015) and Hahn et al. (2016b); being poor would substantially410

decrease seniors’ number of trips. Moreover, the low frequency of out-of-home activities might decrease411

the seniors’ quality-of-life, because their physical and mental health can be affected (Choi & Dinitto412

2015; Loo et al. 2017).413

The scale parameter s of the retired couples is larger than that of the working couples, suggesting less414

variance in the baseline utility. Possibly, the retired population seeks less variety in their time allocation415

than the workers do because their habits are more stable.416

Among all transportation modes, the absolute value of walking is the largest, suggesting that it is417

the most important mode for the retired population. Note that this result is different from our ”control418

group”, the working couples, for whom the transit is the most important. Many studies have emphasised419

the importance of walkability on senior mobility, health, and quality-of-life (Su & Bell 2009; Choi &420

Dinitto 2015; Loo et al. 2017). In addition, we found that retired couples spent approximately twice as421

much time walking as did the working couples in our sample. This finding resembles those from previous422

studies, in which the seniors walked more than did other age groups (Rosenbloom 2001; Pucher & Renne423

2005). Followed by walking, private car/taxi is the second important mode. A possible reason is the high424

expense of this mode: the retired couples are sensitive to monetary cost because their income is less than425

the workers.426

Based on the contrastive analysis, we thus conclude that the retired in Hong Kong have the largest427

demand for travel by walking. As shown in Table 7, walking was found to have a large efect on people’s428

daily activities in Hong Kong. In addition, when they become old and retired their need for better a429

walking environment thus increases (Schmcker et al. 2008; Moniruzzaman et al. 2013). Moreover, senior430

people were found to walk more in the urban area, with the mixed land use, compact community, good431

transit system, and low ownership of private cars (Rosenbloom 2001; Pucher & Renne 2005; Cao et al.432

8We observe that one-half of the retired couples’ monthly household income were less than 10,000 HKD, which is below the 25th

percentile of the population. This percentage might be due to the pension system in Hong Kong, in which the pension is generally

not paid monthly. Therefore, we use the variable of ”type of housing” as the proxy for ”income” to represent the economic status

of the household.
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2008; Moniruzzaman et al. 2013, 2015). These characteristics are typical in Hong Kong. Therefore, we433

suggest that proper attention should be paid given to walking accessibility and the environment for the434

senior in Hong Kong.435

Table 7: Variables correlated with more walk trips and longer walking time.

Senior Urban area
Mixed

land use

Transit

dependent

Without

private vehicle

Non-work

purpose

Rosenbloom, 2001 X X X
Pucher and Renne, 2005 X X X
Schmcker et al., 2008 X X X X X
Cao et al., 2010 X X X X X X
Moniruzzaman et al., 2013 X X
Moniruzzaman et al., 2015 X X X X
Retired population in Hong Kong X X X X X X

4.2.3. Net effect from joint activities compared with solo participation436

Satiation net effect
(Duration)

Baseline utility net effect
(Willingness to participate)

Extra gain: joint out-of-home activities have 
longer duration for high income households.

Extra loss: joint out-of-home activities 
have fewer participated times for high 

income households.
have fewer participations for high

Figure 3: Working couples’ net effect from joint out-of-home activities compared with solo participation.

Figure 3 presents working couples’ net effect from joint out-of-home activities compared with solo437

participation. The net effects of baseline utility and satiation are both presented, using the deterministic438
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parts of the utility that are presented in Table 3 and Table 4. The purpose of Figure 3 is to present the439

utility difference (net effect) of different exogenous variables. Taking the baseline utility for example,440

the net effect of ”Friday” is computed as exp(bJk,Friday)� exp(bnk,Friday) for household member n and441

activity k. In Figure 3, the y-axis is the utility difference. To clearly show the difference of each variables,442

the error terms are not considered in the utility function, just the deterministic parts are compared. In443

Figure 3, we do not differentiate husband and wife, and the average value is presented.444

Net effects of baseline utilities are all negative, suggesting that working couples have less willingness445

to participate in joint than in solo activities. However, the net effects of satiation are all positive, suggest-446

ing that joint activities would have longer durations than would solo activities. This point implies that,447

although working couples lack many opportunities for joint activities during the work days, once they448

decide to partake in joint activities, they enjoy each other’s company and spend a longer time compared449

with solo participation.450

They have extra loss 
from joint activities. 

This result suggests 
altruistic behaviours, 
in which people 
sacrifice own benefits, 
to maximise
household utility

Most husbands and wives obtain 
more utility from joint activities 
compared with solo, suggesting 
extra gain from joint participation.

More wivies than husbands have extra 
gain. Possibly, husbands may find no 
difference between solo and joint out-of-
home activities (e.g., shopping or eating 
-out). They partake in joint activities to 
make wives happier. 

Figure 4: Working couples’ utility difference (net effect) between joint and solo out-of-home activities.

The values of the baseline utility and satiation effect cannot alone reveal the actual net effect, because451

the overall utility of investing a certain amount of time into an activity is a combination of these two com-452
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ponents. Therefore, Figure 4 presents the utility difference between joint and solo out-of-home activities.453

In addition, we focus on husband and wife (gender) instead of other exogenous variables.454

Subjects with out-of-home activities are selected, and we compare their utilities if they invest the455

same amount of time into solo and joint activities. The utility differences of husband and wife are both456

presented. The error terms are added into the baseline utilities and satiation parameters. The results are457

therefore distributions. In Figure 4, the y-axis is the number of individuals (we simulate 10000 couples),458

and the x-axis is the utility difference. The blue colour is the husband, and the red colour is the wife. The459

colour of bars are semi-transparent, so that the overlapped parts of the bars can be seen.460

The median values are all positive. Results suggest that husband and wife both obtain more utility461

if they invest the time into joint out-of-home activities compared with solo participation. Note that for462

some husbands/wives they have extra loss from the joint activities, but they still partake in joint activities463

because the households have greater utilities. This result suggests altruistic behaviours, in which one464

might sacrifice own benefits to partake in joint activities to make the spouse happy, and eventually to465

maximise the household total utility. In addition, it is found that more husbands have extra loss from466

joint out-of-home activities than wives do. For instance, husband might accompany wife for shopping or467

eating-out, in which the husband might feel no difference between solo and joint participation, but the468

companionship would make the wife happier.469

Retired couples’ net effects for the baseline utility and the satiation are all positive (computed based470

on the results in Table 5 and Table 6), suggesting that they have more joint activities, and that they471

have longer durations in joint activities, compared with solo activities. We combine the baseline utility472

and satiation effect as the overall utility, and we add the error components in the model. The resulting473

distributions of husband’s and wife’s net effects are presented in Figure 5. The median values of all out-474

of-home activities are all positive, suggesting that both husband and wife generally obtain more utility475

from joint out-of-home activities.476

Altruistic behaviours are also found in the retired couples, in which husbands/wives are found to have477

extra loss from joint activities. As compared with working couples, the distributions for retired couples478

are skewed. There are fewer retired people have extra loss than extra gain. Possibly, time is a very limited479

resource for workers, but more sufficient for the retired. Thus, the worker might need to sacrifice own480

time to schedule for joint activities; conversely, the retired do not need to do so.481

Generally, the median value of the distributions is not large (e.g. 10 for husband, and 32 for the482

wife, for the working couples), which are of the same magnitude in Figure 3. In addition, the utility483

difference in Figure 3 is just for one variables, but Figure 4 and 5 present the overall utility difference of484
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Figure 5: Retired couples’ utility difference (net effect) between joint and solo out-of-home activities.

all variables, so that the range of Figure 4 and 5 should be wider than Figure 3. However, the standard485

deviations of the distributions in Figure 4 and 5 are very large. It suggests the observed variables have486

very limited explanatory power on some populations, even though we specify a complex error structure487

to narrow down this gap. To further improve the explanatory power of the model, analyst should identify488

which unobserved variables are of most importance to explain the behaviours of those populations.489

4.2.4. Correlations among joint activities490

In this section, the correlations among joint activities are investigated. The assumption is that if a491

couple enjoys each other’s company, they would partake in joint activities all of the time. This preference492

introduces the correlations among joint activities. In particular, the durations of staying at-home jointly493

are investigated. If a couple likes to partake in joint out-of-home activities, they might coordinate to stay494

at home jointly for longer periods, compared with remaining at-home independently.495
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participations; right: correlation of duration. ”Maint.” is short for maintenance.

One thousand utilities are drawn from the covariance matrix of working couples. The results in Figure496

6 show that the duration of joint at-home time after work is negatively correlated with the participations of497

out-of-home activities (Figure 6(left)), but positively correlated with the duration of out-of-home activities498

(Figure 6(right)). Working couples, who spend a longer time at home after work, have few out-of-home499

activities, which is consistent with all working couples. However, once they decide to go out together,500

they also spend more time. Possibly, they enjoy the companionship and thus spend more time both staying501

at home and on out-of-home activities.502

Another one thousand utilities are drawn from the covariance matrix of retired couples. Figure 7(left)503

shows that a longer duration of jointly staying at home links to more participations in joint eating-out504

activities. Possibly, the Chinese culture prefers a lively eating environment in which the more participants505

the merrier. In addition, there is a strong positive correlation between joint shopping and joint eating-out506

activities. It is possible that in a dense city such as Hong Kong, restaurants and shopping malls are507

adjacent, so couples schedule shopping activity with an eating-out activity in one tour. However, the508

durations of joint shopping and eating-out are negatively correlated, as shown in Figure 7(right). The509

duration for shopping or eating-out is squeezed because they are mostly scheduled into one tour.510

511
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The participations in joint leisure activities, such as fishing and hiking, are negatively correlated with512

the joint at-home duration. This finding might reveal a household preference against outdoor activities,513

so they stay at home for a longer time. However, once they decide to jointly participate in these leisure514

activities, they also spend more time, as shown in Figure 7(right).515

One interesting point is found - the joint maintenance duration is negatively correlated with the dura-516

tion of jointly staying at home. It is possible that maintenance activities only need to be undertaken by517

any one household member, so the couples who like to spend long periods at-home prefer to send only518

one member for this activity.519

4.2.5. Summary of the empirical analysis520

Table 8 summarises key findings from the empirical study. More discussions are presented in section521

6, after the scenario analysis.522

Table 8: Summary of the empirical study.

Worker Reitred Policy implications

Social-demographics

Young, high income, long

working/commuting workers

have low willingness for out-of

-home activities. Once they

participate, they have long

durations.

Poor and old retired couples

have low willingness and

short duration for out-of

-home activities.

For discretionary activities,

workers require more flexible

time, and the retired require

subsidies and elderly-friendly

environment.

Travel time Most sensitive to transit. Most sensitive to walking.

Transportation policies for

high-density, mixed land use

and transit dependent city should

be different from car-dependent cities.

Net effect
Most of them have extra gain from joint activity compared

with solo activity; some obtain extra loss.

Generally, couples prefer joint

activities. However, dual-earner

couples may be too busy for joint

activities. Altruistic behaviours

are found in the household: people

might sacrifice the own benefit to

maximise the household total utility.

Correlation among

joint participations

Stay at home is

correlated with

out-of-home activities

Shopping and eating-out

are correlated. Stay at

home and leisure and

maintenance activities

are correlated.

Generally, couples enjoy each other’s

company, and they participate more

joint activities. Ignoring the correlations

may result in biased estimation.
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5. Scenario analysis523

Two scenarios are analysed. The first one is to investigate how the improvement of transportation524

system would change people’s activity patterns. The second one is to find out how future lifestyles, such525

as online shopping, food delivery and telecommuting, would change people’s activity-travel behaviours.526

5.1. Improvement of transportation system527

The of investment on transportation infrastructure, such a new subway or a BRT system, can be tens528

of billions. Thus, the decision on such investment is very critical, and it usually should consider how the529

investment stimulates the local economic, and how it saves the travel time of all populations. However, so530

far very little has been discussed on how the improvement of the transportation system changes people’s531

activity patterns, in particular, how the changed travel time improve the quality-of-life and social welfare532

from an activity-based perspective. For instance, a worker can arrive home earlier so that he/she can have533

more time to spend with the spouse. So that not only the travellers are benefited, but also the household534

members.535

Similar approach from Zhang & Fujiwara (2006) is applied, to investigate the increased utility of536

household members when travel time is saved. In addition, to discover the importance of intra-household537

interactions for policy evaluation, the developed group decision model is compared with a MDCEV model538

in which each household member is assumed as independent (the independent model).539

First, we applied both models to evaluate a hypothesised policy, in which travel time is reduced by540

20%. Both models show that all households’ utilities are increased. However, the estimated improvements541

are different: for more than half of the working and retired couples, the improvements are underestimated542

by the independent model. This point suggests that if all household members are assumed independent543

without intra-household interactions, their utilities and the improved degrees of quality-of-life would be544

underestimated. It is likely that a different policy would be chosen if the wrong model is applied.545

Second, the developed model has better goodness-of-fit than the independent model does. It rein-546

forces our understanding that it is important to consider intra-household interactions in transportation547

investment.548

5.2. Change of life style549

The development of internet technology has substantially changed the daily life of all populations.550

Concerning the retired couples, a recent report9 shows that half of the older population in China is familiar551

9”Research report on the internet usage of middle-age and older population in China”, jointly issued by the Chinese Academic

of Social Science and Tencent Co., who owns the largest online social network and mobile payment platform in China. The report
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with mobile payment for all types of internet-based services, such as online shopping and food delivery552

services, in which the travel time between locations can be saved. We investigate how the retired couples553

would reallocate the saved travel time. The dual-earner couples are also compared. However, the data on554

their specific non-mandatory out-of-home activity types are too few. Thus, we test how the telecommuting555

policy, which also saves travel time, would change the working couples’ activities. Based on the calibrated556

models, the forecasting algorithms are used for these scenario analyses.557

5.2.1. Online shopping558

The report of ”Trends in China’s online consuming”10 reveals that the elderly in China are a rapidly559

increasing population for online shopping and constitute an approximately 30% market share. In addition,560

online shopping behaviours are becoming common for the young and middle-aged population, and such561

a habit is likely to be retained as this generation retires. Therefore, it would not be unusual that the retired562

population frequently shop online in the near future. This observation remains absent in the existing563

studies, and how online shopping services will reshape retired people’s daily activity remains unknown.564

In our experiment, the online shopping duration is assumed the same as the actual one. Therefore,565

only travel time to and from the shopping mall is saved. In particular, we target the population whose566

travel time to the shopping mall is more than thirty minutes, which includes 31% of the retired population567

in our sample. For these populations, online shopping would be the most convenient because substantial568

travel time can be saved. In addition, substantial of energy will be saved, considering that long trips might569

be too energy-consuming for the retired population.570

Results suggest that the participations of eating-out activities are slightly increased by 10% for the571

target population. The durations and participations of other out-of-home activities are not substantially572

changed. It appears that retired couples would spend the saved travel time at-home rather than partici-573

pating another out-of-home activity. Combining the analysis above, we know that retired couples mostly574

arrange only one out-of-home activity for one day. If the retired couples rearrange their shopping activi-575

ties to be done online, they would remain at home the whole day. Another issue might arise in which the576

retired couple would face a potential self-social-exclusion problem because they will not go out-of-home.577

Currently, this is not uncommon for the younger generation. It appears that the retired population would578

also face such a problem because online-to-offline (O2O) service is too convenient.579

is issued in 2017, and written in Chinese.
10Jointly issued by Taobao from the Alibaba Co. and the data centre of China Business News (CBNData). The report used the

2011-2015 online shopping data from the largest online shopping platform (www.taobao.com) in China. The report is written in

Chinese.
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5.2.2. Food delivery580

We continue to study the O2O scenario of food delivery for retired couples, which is not fully dis-581

cussed in existing studies. In China, there are several large food-delivery internet platforms, e.g., Meituan582

and Eleme. Not only fast food is delivered, but also quality food from fine restaurants can be ordered.583

Such service largely saves the travel time to the restaurant and the waiting time at hot restaurants, which584

can be more than one hour. Evidence11 shows that the number of users for such food delivery service in585

China has reached 150 million, by which people’s lifestyles are considerably reshaped.586

The retired population is a particularly suitable population for such services because such services587

substantially increase their accessibility to all types of food and at the same time saves travel and waiting588

time and energy. Therefore, we select those couples whose travel time to a restaurant is more than thirty589

minutes as the research population, a portion that includes 22% of the retired population in our sample.590

We assume that their eating time remained the same. Therefore, only travel time to and from the restaurant591

is saved. We investigate how these couples reschedule the saved travel time for their daily activities.592

Results suggest that the participations of all out-of-home activities are not substantially changed.593

However, the durations of leisure activities are slightly increased by approximately 5%. Similar to online594

shopping, most couples would spend the saved travel time only to remain at home. The convenient service595

appears to encourage people to partake in fewer out-of-home activities.596

Note that the simulations are based on assumptions that the durations of online shopping and eating597

delivered food are the same as are actual out-of-home participations. In reality, the online shopping598

duration can be longer because online shopping is not as energy-consuming as shopping in a mall, and599

the duration of eating at-home can be shorter because the waiting time at the restaurant can be saved.600

In addition, the social-demographic might be different as the internet generation retires. Longitudinal601

studies are required to fine-tune the model and update the experiments.602

5.2.3. Telecommuting603

Although Hong Kong is a very dense city, more than 13% of workers in our sample have commuting604

times of more than 1 hour per trip. We investigate how a telecommuting policy changes their daily605

activities. In particular, would they reschedule more time for out-of-home activities, such as eating-out606

and leisure, to improve their quality of life.607

However, we are unsure whether the long-commute workers are the most suitable population for the608

11From the 38th ”Survey on Chinese internet development” by China Internet Network Information Centre (CNNIC). The report

is issued in 2016, and written in Chinese.
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telecommuting policy. Therefore, we conducted another experiment for the workers whose working time609

is longer than 12 hours. These workers include 16% of the working population in our sample.610

Results show that the telecommuting policy significantly changes the long-commute workers’ daily611

activities. The participations of non-mandatory out-of-home activities double, and the durations are612

slightly increased. Concerning the long-workday workers, the telecommuting policy is not as effective613

as the one for long-commute workers. The reason is that the policy does not substantially reduce their614

mandatory time, and they therefore lack sufficient time for out-of-home activities after work. In all, the615

long-commute workers would be the most suitable population for the telecommuting policy.616

5.3. Summary of the scenario analyses617

In all, Table 9 summaries the scenario analyses and the implications from four scenario analyses.618

Results emphasises the importance of considering intra-household interactions for policy evaluation. In619

particular, it sheds light on how future built environment and lifestyles reshape our activity patterns, and620

how eventually change the travel behaviours. It appears that dual-earner workers lack sufficient time for621

non-mandatory out-of-home activities, so the saved travel time significantly change their activities and622

time allocation. However, those who are retired have sufficient time; the benefit of saved travel time623

appears marginal.624

Table 9: Results of scenarios analysis.

Scenarios Population Result Implications

Improved

transportation

system

All populations

All households’

utilities are

increased

(1) The traveller and the spouse are

all benefited.

(2) Considering intra-household interaction

is critical for investment.

Online shopping
Retired

couples

Travel time to

shopping mall

> 30 minutes

Not significantly

changed
(1) The saved travel time is not reallocated

to other out-of-home activities.

(2) The convenient O2O services may

discourage people from partaking

in out-of-home activities

Food delivery
Retired

couples

Travel time to

restaurant

> 30 minutes

Not significantly

changed

Telecommuting
Working

couples

Commuting time

> 1 hour

More out-of-

home

activities

(1) The policy is not equally effective for

all workers.

(2) Telecommuting is suitable for the

long-commuting population

Working time

> 12 hours

Not significantly

changed
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The purpose of the scenario analysis is to show that our model can be applied for policy evaluation and625

future scenarios analysis. It shows that our model is practical and easy to use. In addition, although some626

settings of the scenarios are based on other materials other than survey, results still shed light on how627

improvement of the transportation system will benefit the whole society, and how would a completely628

different policy might be chosen if we do not consider the intra-household interaction in activity-travel629

behaviours modelling. However, readers should note that and the results might be not applicable if the630

actual situations are different or changed. More detailed settings and more sophisticated approaches to631

generate the missing data would help to achieve a better analysis result.632

6. Discussions and implications633

6.1. Walkability and social exclusion of the retired population634

Walking is found to be the most important transportation mode for retired couples, which is different635

from working couples and is consistent with the findings from existing studies, in which the older pop-636

ulation has a strong need for a fine walking environment in the urban area with mixed land use and in a637

transit-dependent city such as Hong Kong.638

Our results reveal that there might be a ”social exclusion” issue for the retired population in poor639

economic condition, in which they might engage in out-of-home activities with a lower frequency. This640

finding resembles the results of many previous studies. However, this issue could be more severe, because641

the pension in Hong Kong is paid at once instead of monthly. It is possible that the retired would face642

even more severe poverty and social exclusion issues as they become older.643

6.2. Intra-household interactions644

Empirical analysis shows that the developed model considering intra-household interactions outper-645

forms the independent model in terms of goodness-of-fit. It sheds light on research and application, in646

which the development and analysis of activity-based models should fully consider the group decision647

mechanism. Otherwise, transportation policies such as new rail construction and transit optimisation648

would be wrongly evaluated, and the improvement might be underestimated. The cost-benefit of invest-649

ment in rail construction, transit subsidies, and walking environment improvement would be inaccurate.650

6.3. Net effect from joint activity compared with solo participation651

The intra-household interactions naturally imply the net effect from joint activities compared with652

solo participation. The net effect can be positive, negative or even neutral, suggesting that the individual653

considers the joint activity better than, worse than, or the same as solo participation. The net effect can be654
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decomposed into several dimensions in terms of baseline utility and satiation effect, social-demographics,655

and alternatives.656

Results from working couples show that the net effects of baseline utility are all negative, suggesting657

that the couples would have fewer joint activities compared with solo participation on work days. How-658

ever, the net effects of satiation are all positive, suggesting that the joint activities have longer durations659

than solo ones do and implying that working couples might be too busy to participate in joint activities660

after work; however, once they decide to partake in joint activities, they would spend more time on them661

compared with solo participation. Concerning retired couples, the net effects of baseline utility and sati-662

ation are all positive. It appears that the working and retired couples all enjoy each other’s company to663

make such a time allocation decision. The contrastive study reveals that the very few participations of664

workers’ joint out-of-home activities can be due to the limited available time. When the workers retired,665

the number of joint activities would substantially increase.666

A considerable number of household members obtain negative net effect from the joint activities,667

revealing the altruistic behaviours of household members in a group decision mechanism. One might668

sacrifice one’s own benefit to maximise the household’s overall benefit because the companionship would669

make the spouse happier (e.g., leisure activity) or more convenient (e.g., maintenance activity such as670

going to hospital).671

6.4. Correlations among joint activities672

All joint activities are found significantly correlated, suggesting unobserved household tastes indeed673

affect household activity decision behaviours. Working couples, who have longer durations in joint out-674

of-home activities, would also jointly stay at home for a longer time. Retired couples appear to prefer675

arranging joint shopping and eating out in one trip, but the durations are negatively correlated.676

Couples need not like partaking in all activities jointly. For maintenance activities, such as going677

to the bank or post office, joint participation is generally negatively correlated with other joint activities.678

This result suggests that, for maintenance activities that can be undertaken by any one household member,679

joint participation would be less preferred for couples who have more joint ”fun” activities (e.g., shopping,680

eating out and leisure).681

Such analysis sheds light on the household activity participation and time allocation analysis from682

additional perspectives. First, the independency assumptions of activities or alternatives would ignore683

the unobserved tastes of a household, which would cause inaccuracies in forecasting. Second, not neces-684

sarily all joint activities are positively correlated. We decomposed the correlation analysis into baseline685

utility and satiation effects and discovered interesting results. It is not unusual to specify error terms for686
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components that decide participations and durations (Srinivasan and Bhat, 2006). However, it is the first687

time with specified error terms in the satiation in an MDCEV structure. Third, it sheds light on policy688

evaluation, in which a policy target to change one activity would also affect other activities because the689

household would schedule all activities simultaneously.690

6.5. How internet-based services reshape working and retired couples’ lifestyles691

The development of internet and O2O services has significantly reshaped people’s lifestyles. An692

analysis of these effects is needed. Thus, we perform simulations with the calibrated models for hypoth-693

esised scenarios. First, the telecommuting policy is not equally effective for all populations. Our results694

show that workers who are long-time commuters would benefit more than would long-workday workers.695

Second, we assume that in the near future, retired couples would be familiar with O2O services such as696

online shopping and food delivery. Results show that retired couples do not allocate the saved travel time697

to other activities. Instead, they would stay at home for a longer time. It appears that convenient O2O698

services discourage couples from partaking in out-of-home activities. A natural concern would be the699

possible self-social-exclusion problem for the retired population, because out-of-home activities such as700

shopping and eating out would include more direct and indirect social interactions. How this change of701

lifestyle affects their physical and mental health remains unknown. Fine-tuned models with fine-grained702

data and experimental design are required to further evaluate this problem.703

7. Conclusions704

This paper investigates diverse interactions and correlations in the joint household activity schedule705

problem. The retired population is studied. In comparison, the working population is analysed for a706

contrastive study. In particular, couples from two-member households are selected, considering most707

retired couples live alone without relatives or friends.708

A household-level multiple discrete continuous extreme value (MDCEV) model with multiple con-709

straints is developed. A forecasting algorithm is provided. Several interesting results are discovered. First,710

the group decision mechanism is incorporated to consider intra-household interactions among household711

members. The developed model outperforms the conventional model in which individuals are consid-712

ered independent decision makers. Future research and applications should consider using the household713

rather than the individual as the basic unit. Second, this paper analyses the net effects from joint activity714

compared with solo participation. Results from our contrastive analysis suggest that the small number715

of workers’ joint out-of-home activities is due to limited available time. Policies such as telecommut-716

ing would substantially improve their quality-of-life. Third, the correlations among joint activities are717

38



analysed. We discover that couples, who have longer durations for joint non-mandatory out-of-home718

activities, also would remain at home jointly for longer periods. However, for maintenance activities that719

can be undertaken by any one person in the household, joint participation is negatively correlated with720

other joint activities. Finally, results from the contrastive analysis show that walkability is important for721

the older population in the urban area of a mixed-land-use and transit-dependent city such as Hong Kong.722

Based on calibrated models, three scenarios are analysed to investigate how internet technology and723

online-to-offline services would reshape the households’ lifestyles. Telecommuting policy, online shop-724

ping and food delivery services are analysed for working and retired couples. Implications are discussed.725

This paper only analysed couples in two-member households. Concerning households with more726

members, and as more activities are analysed, the number of dimensions of correlation becomes large. It727

would be time-consuming and difficult to successfully estimate all parameters in the model. An efficient728

approach for model estimation should be further considered (Bhat 2011). In addition, the large number729

of error terms can be difficult to interpret. The latent variable method would be a possible approach to730

resolve this problem.731
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