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Abstract

Time use on weekdays and weekends is interdependent at both the individual level and household level. This paper develops a household time allocation model to represent such behavioral mechanisms by defining each member’s utility of allocating certain length of time to an activity as a weighted function of the times to the activity on weekdays and weekends. The model also endogenously incorporates intra-household interaction, relative influence of household members, inter-activity interaction, and relative importance of activities for each member’s decision. National time use data in Japan are used to examine the model performance.
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1. Introduction

It is not difficult to understand that an activity is conducted to satisfy people’s particular need(s). Needs change over time (Arentze and Timmermans, 2006). For example, if a person did not participate in a recreational activity on a particular day, performing that activity would likely increase on the next day. Vice versa, if an activity has been conducted that satisfies a particular need, the need to satisfy that need again the next day is likely much lower. In addition to such effects, there may also be substitution or interaction effects. People do not necessarily make every effort to satisfy all their needs on a single day and such effort is usually not possible because of people’s limited time. Then, the question that should be raised here is whether the “multi-day” refers to one week, several weeks, one month, or any other time period. Unfortunately, no sound answer can be given to this question at this moment, because survey data, that provide the relevant information about such rhythms, routines, scripts and habits (Gärling, 1998) that make up daily life, are not available in transportation. Arentze and Timmermans’s (2006) theory about needs is illustrated using numerical simulation. Until such data on changing needs and activity generation in light of changing needs is specifically collected, the best we can do is to examine behavioral outcomes as opposed to behavioral processes and to focus on multi-day travel data.
Multi-day travel data have come to attract the interest of transport researchers owing to the limitation of one-day data in meeting the recent diversified demand for assessing new transport policies since the 1990s (see Jones et al., 1990). Although at first researchers paid attention especially to the question of day-to-day variability in travel behavior, the dynamic handling of travel demand using one-week panel data has become one of the main subjects in travel behavior research since the late 1980s (e.g., Kitamura, 1988, 1990; Lee and McNally, 2003). Axhausen et al. (2002) conducted a unique six-week travel diary survey in order to observe the rhythms of people’s daily life. This kind of research has shown that people’s daily activity patterns vary considerably and that weekday and weekend travel are interdependent (see also Bhat and Misra, 1999; Yamamoto and Kitamura, 1999; Sugie, et al., 2003; Zhang et al., 2005b). 

To represent such weekday-weekend interdependency, Bhat and Misra (1999) developed a continuous-time utility-maximizing resource allocation model to deal with the allocation of total weekly discretionary time among the following four categories: a) in-home weekdays, b) in-home weekends, c) out-of-home weekdays, and d) out-of- home weekends. Using a 1985 Dutch data set involving 1,547 respondents, they empirically showed that “individuals who work long durations on weekdays spend less time on in-home weekday discretionary activities and substantially less time on out-of-home weekday discretionary activities; however, these individuals are likely to spend greater fractions of their total weekly discretionary time on activities over the weekend”. Focusing on the same type of discretionary time allocation behavior, Yamamoto and Kitamura (1999) also applied a resource allocation model, but explicitly incorporated the influence of the activity with zero-time using a two-limit Tobit model with mass points. They introduced a common error component with different multipliers for weekday and weekend to represent the inter-relations between weekdays and weekends. Using data of 661 workers from the same Dutch time use survey mentioned above, they showed that “about 70% of the sample workers have the tendency, unaccounted for by the model’s explanatory variables, to allocate relatively more time to out-of-home activities on working days and relatively more time to in-home activities on non-working days, while the remaining workers (about 30%) have the unaccounted orientation toward in-home activities on both working days and on non-working days”. To examine the influence of weekday-shopping on weekend- shopping activity participation, Sugie et al. (2003) developed a bivariate ordered- response probit model, which simultaneously represents shopping frequency on weekdays and shopping participation on weekends from both the observed and unobserved aspects. From the observed aspect, the determinant term of latent preference function with respect to the weekday-shopping behavior sub-model was introduced into the preference function of weekend-shopping behavior sub-model. From the unobserved aspect, a bivariate normal distribution is introduced to represent the correlation between error terms of weekday-shopping and weekend-shopping behavior sub-models. Sugie et al. examined and confirmed the influence of weekday-shopping behavior on the weekend behavior, using a one-week activity diary data from Utsunomiya, Japan, collected in 1988. 

This paper deals with time allocation behavior, which is expected to be interdependent between weekdays and weekends at both the individual level and household level. For example, more shopping on weekdays often leads to less shopping on weekends, and longer working hours on weekdays might result in longer engagement in recreational activities (either in-home or out-of-home activities) on weekends. In this study, however, in addition, we examine this problem of household time allocation behavior, which involves a joint decision-making process. At least, for the shared (or joint) and allocated activities, household members interact before making decisions with respect to the contents of activities that they perform and the time that is involved (Zhang et al., 2002, 2005a, 2005b; Zhang and Fujiwara, 2006). The decisions on how to allocate the available time to the shared and allocated activities might also be influenced by the members’ preferences for the independent activities. Such intra-household interaction, as well as inter-activity interaction, might show different patterns on weekdays and weekends due to different flexibility of activity participation schedule. Motivated by such considerations, Zhang et al. (2005b) conducted a comparative analysis using a one-week activity dairy data collected in the Netherlands and concluded that, 1) the derived time allocation model can represent the wife’s behavior better that the husband’s behavior on weekdays, but husband’s behavior better that wife’s behavior on weekends; 2) the influence of intra-household interaction and interdependency among activities is invariant on weekdays and weekends; 3) shared activities become much more important on weekends than on weekdays; and 4) irrespective of weekdays and weekends, households may start joint decision by maintaining each member’s in-home activity and out-of-home independent discretionary activity while sufficiently taking into account other members’ preferences. However, the model adopted in our previous study was established separately with respect to weekdays and weekends. 

Therefore, this paper attempts to develop an improved household time allocation model in the framework of group decision-making theory by explicitly incorporating the behavioral interdependency between weekdays and weekends. A multi-linear utility function is adopted to represent how household allocate available time to different activities. The multi-linear utility function is a linear function of subject-specific terms and interaction terms, where subject refers to a household member or an activity and the interaction terms express the interaction among different subjects in a multiplicative form. Then, the household utility function is defined as a function of all members' utility functions, which are composed of utility functions of in-home activity and out-of-home activities. The utility of performing an activity is defined using a logarithm function of the time that is involved, based on the assumption that the utility for each activity is non-negative and its marginal utility shows a diminishing characteristic. Compared with the existing literature, this new model defines the above-mentioned logarithm function for each member’s each activity as a function of the weighted activity times on both weekdays and weekends. For the allocated activities like shopping, the logarithm function is further defined as a function of the weighted activity times for all the relevant members. Such model specification allows us to explicitly examine the influence of the interdependency of activity performance between weekdays and weekends in a more rational way. The derived household time allocation model is a simultaneous-equation model, where the time functions of each member’s activities on weekdays and weekends are included. 
A national time use data set of approximately 4,000 households, collected by the Ministry of General Affairs and Communications, Japan in 2001 is used in this study. All the household members over 10 years old were asked in the survey to report their daily time use for the designated two days (a weekday and a weekend). The effectiveness of the derived model is empirically examined, and the heterogeneous influences of different factors on household time allocation on weekdays and weekends are also discussed.

The remaining part of this paper is organized as follows. In Section 2, the new household time allocation model is developed along with some discussion about its features. Section 3 first gives a summary of the data, estimates the model and then discusses the behavioral implications of the estimation results. The study is concluded in Section 4, which also discusses some future research issues. 
2. Model

In this paper, a multi-linear function is adopted to represent household time allocation behavior by assuming that a household allocates its time to activities such that the following household utility is maximized subject to each member’s available time on weekdays and weekends.

Maximize
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where,

HUF
denotes “Household Utility Function”, 
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is household member i’s utility,
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is household member i’s weight parameter, reflecting the relative influence of each member,
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is a parameter of intra-household interaction,
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is household member i’s utility for activity j, 
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is household member i’s weight (or relative interest) parameter for activity j, reflecting the relative importance of each activity for each member’s utility,
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is inter-activity dependency parameter for member i,
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are the times that individual i performs activity j on weekday (d) and weekend (e), respectively, and
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are household member i’s available times on weekday (d) and weekend (e), respectively (usually 24 hours).

This paper classifies the activity of interest into in-home activity and out-of-home activity, where the latter is further classified into independent activity (compulsory, maintenance and discretionary activity), allocated activity (mainly shopping), and shared activity. To represent the behavioral interdependency between weekdays and weekends in household time allocation, here, the utilities for different activities are defined as follows:

1) In-home activity and out-of-home independent activity (j)
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2) Out-of-home shopping activity (r: shared shopping; k: non-shared shopping)
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3) Shared non-shopping activity (s)
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where 
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 reflect the influences of individual/household attributes, travel behavior, and other observed and unobserved factors on time allocation behavior, and 
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) are the weight parameters for weekday and weekend.

As shown above, the utility of each activity is defined as a weighted function of the times allocated to the activity on weekdays and weekends. It is assumed that each member tries to derive the utility from performing the activity on both weekdays and weekends, rather than on a single day. Such weekday-weekend interdependency with respect to an allocated activity like shopping might be different from other activities. Shopping is usually a household task. Depending on role specification within a household, it can be conducted by a particular member, or jointly by several members on weekdays and/or weekends. This is the reason why the utility function of shopping is defined differently from that pertaining to other activities. Weight parameters 
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 are introduced to reflect the interdependency of shopping activities on weekdays and weekends with respect to the involved household members. In fact, how to specify the involvement of household members in the allocated activity participation is still an unsolved research issue. As shown later, this study deals with couple households and it is assumed that both husband and wife are involved in the allocated activity (i.e., shopping). 
Maximization of equation (1) subject to equation (4) results in the following time allocation function for each activity.

1) Time function for out-of-home shared non-shopping activity (s)
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2) Time function for out-of-home shared shopping activity (r)
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3) Time function for in-home activity (h)
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4) Time function for out-of-home independent activity (j)
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5) Time function for out-of-home shopping activity (k)
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It is obvious that the obtained model structures are similar to those developed in our previous studies (Zhang et al., 2002, 2005a, 2005b; Zhang and Fujiwara, 2006). This means that model estimation method adopted in our previous studies is also applicable here. This will be further explained later.
3. Model Estimation and Discussion

3.1 Data

In this paper, the national time use data collected by the Ministry of General Affairs, Japan in October, 2001 was used to examine the effectiveness of the developed household time allocation model. This national time use survey has been conducted every 5 years since 1976. The original data used in this study included the time use data of about 4,000 households across the whole country and 19,398 person*day over 9 days. Each household member over 10 years old was asked to report their time use behavior on one weekday and one weekend. Table 1 shows the survey contents. This paper only focuses on couples’ time allocation behaviors and as a result, 494 couples were selected by excluding invalid and missing data. Originally, there are 62 types of activities. To estimate the proposed model, these activities were grouped into 6 major types, as shown in Table 2: in-home activity (hom) and out-of-home independent activities including compulsory activity (com), individual maintenance and discretionary activity (mad), shopping (shp), out-of-home shared non-shopping (srn), and shared shopping (srp).
Table 3 shows the correlations of activity times among the above 6 major activities. For nearly 18% of activity pairs (47 pairs), the absolute value of their correlation is larger than 0.2. Table 4 shows correlations of time use on activities between weekdays and weekends. A negative correlation suggests that time allocation is competitive, i.e., increase of the time allocated to one activity results in a decrease of the time allocated to another. Table 4 illustrates that more than 50% of activities are competitive. Activities on the same weekday/weekend are most competitive for both husband and wife. Focusing on the correlations between weekdays and weekends, the husband’s share of negative correlations is 53% and the wife’s share is 67%. The share of negative correlations between husband and wife exceeds 55%.These results support the notion that a household time allocation model with weekday-weekend interdependency should be developed.

3.2 Explanatory variables

As shown in equations (5), (7) and (9), 
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Here, 
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 indicates the ath variable to explain the time allocation of household member i's activity q, 
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In the current database, there is less information which is specific to each activity. Therefore, it is necessary to make effective use of activity-generic attributes to explain household time allocation behavior. Here, attributes of household members are first introduced into the time allocation model as explanatory variables. These attributes include household members’ age, employed status, car ownership, and average daily travel time for each activity. Remember that the household utility and its members’ utilities reflect the level of satisfaction with respect to their daily time allocation patterns, which partially reflect people’s quality of life. In this sense, the proposed time allocation model could be used to evaluate the influence of some public policies on quality of life. In this study, the following variables at the prefecture level were used as proxy indicators of the policies: length of transportation networks including expressways, national/prefecture/municipal highways, and railways, number of day-care facilities, home-helps, and hospitals, restaurants, libraries and supermarkets, area of urban parks, and number of companies. It would be better to have the values of these policy variables at a more detailed spatial scale such as city/town level. Because of the privacy protection policy in Japan, the national time use data used for this study only include the residence address at the prefecture level.
Since values of the above-mentioned explanatory variables are the same across different activities, to effectively describe the variations of time allocation among activities, these two sets of activity-generic variables are first combined together to constitute two composite variables and the composite variables are further assumed to have different influences on different activities. These specifications are shown below.
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Where,
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Since the parameters of composite variables in equation (34) are assumed different among activities, by using the above equations, it is possible to explain the variations of time allocation among different activities, even though the values of the adopted explanatory variables do not change across activities. It is undeniable, of course, that such specification has its limitation.
3.3 Model estimation 
Since the derived time allocation model is similar to those models developed in our previous studies (Zhang et al., 2002, 2005a, 2005b; Zhang and Fujiwara, 2006), the same estimation method, i.e., the seeming unrelated regression (SUR) method is also applied here. In other words, following our previous studies, to apply the SUR method, it is necessary to first log-transform equations (11) ~ (20) with respect to each household member’s weekday and weekend activities, by taking each household member’s in-home activity time as a reference, respectively. The estimation results are shown in Table 5.
Except for the out-of-home compulsory activity, model accuracy for each activity is not good enough. One of the possible reasons might be that the model only introduced the attributes of household members and policy variables at the prefecture level as explanatory variables to describe the allocated time to each activity. Variations of time allocation to different activities might not be sufficiently explained by the variations of such activity-generic variables. This suggests that some influential activity-specific factors need to be newly introduced. Since this is the first attempt to examine the effectiveness of introducing the weekday-weekend interdependency into the household time allocation model, and most of the estimated parameters are statistically significant, here, we will continue the analyses using the current estimation results. Further improvement of model inputs is left as a future research issue.

Group decision-making mechanisms

The weight parameter (
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 in equation (1)) and intra-household parameter (
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 in equation (1)) are all statistically significant. The weight of the husband in household time allocation decision is 0.9883, considerably larger than that of wife (0.0117). This implies that husband’s time preference plays a much more important role than that of the wife. The intra-household interaction parameter is positive. This means that joint household decision about its time allocation could contribute to the increase of its well-being (i.e., utility in this study). However, insignificance of the intra-household interaction parameter suggests the necessity of further improvement of model estimation by introducing more appropriate and influential factors into the model. 
Inter-activity interaction
Inter-activity interaction parameters (
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 in equation (1)) for both husband and wife are all statistically significant and positive. This suggests that, even though time allocation among different activities is competitive, household members try to allocate time such as to increase their satisfaction. Compared to the husband’s parameter, that of the wife is twice as large. Larger inter-activity interaction in wife’s time allocation might be caused by the fact that the wife usually takes the responsibility of performing much more household maintenance tasks than husband does and as a result, she has to balance the time allocation among much more activities than her husband. 

Weekday-weekend interdependency

During model estimation, the weight parameter for each weekday activity is assumed unknown, except for shopping activities. For shopping activities, it is assumed in this study (see equation (8)) that each member tries to balance the time allocation among individual shopping on weekdays (weekday-shopping) and weekends (weekend- shopping), shared shopping on weekdays (weekday-shared-shopping) and on weekends (weekend-shared- shopping). To estimate the weight parameters for shopping activities, the parameter of weekend-shopping is constrained by using equation (8). As a result, most of the weight parameters are estimated to be statistically significant. This supports the modeling approach about the weekday-weekend interdependencies as shown in equations (5) ~ (9).
On average, both husband and wife attach higher importance to activity participation on weekdays than those on weekends. Especially, wife’s weight parameters related to those activities on weekdays are all larger than 0.9, except for shopping. For shopping, the model estimates that the wife’s weight parameter of weekday-shared-shopping is 0.9321. In contrast, the husband’s weight parameters show different patterns. Husbands conduct most of the activities on weekends in the sense that husbands’ weight parameters are 0.3360 for in-home activity, 0.0670 for out-of-home compulsory activity, and 0.2795 for out-of-home individual maintenance and discretionary activity, 0.4053 for out-of-home shared non-shopping activity, and 0.4195 for weekend-shared shopping. 
Influences of household member’s attributes and policy variables
It is clear that most of the parameters for the explanatory variables are statistically significant. Interestingly, policy variables show very large influences on husband time allocation behavior. In contrast, the influences of household member’s attributes are extremely higher than those of policy variables. Here, comments are only given with respect to those larger influential variables. The employed members stay at home shorter, and also perform shorter out-of-home individual maintenance and discretionary activities, but perform longer compulsory activities and shared activities (shopping and non-shopping activities), than other members. Older wives stay at home longer and participate in individual maintenance and discretionary activities longer, but other activities shorter. Wives with cars perform out-of-home individual maintenance and discretionary activities longer, but other out-of-home activities shorter. Focusing on policy variables, husbands living in the prefectures with shorter national/prefecture highways, more day-care facilities, more hospitals, and more companies tend to stay at home longer. Those husbands who lived in the prefectures with fewer day-care facilities, hospitals and supermarkets tend to perform longer out-of-home activities. 
Observing the influence of average travel time by activity, statistically significant and positive parameters for both husband and wife mean that longer activity participation usually involves longer travel time. To interpret the meaning of such influence of travel time, if a city would be re-shaped into a more compact structure, it could be expected that average travel time would be reduced. Under such situations, shorter travel time would lead to shorter activity time. Since the proposed model has not incorporated the number of activities per day, whether or not the reduction of travel time could result in the increase of number of activities per day cannot be made clear in this study. This should be explored in future research. 
4. Conclusions and future research directions

Existing studies have shown that time use between weekdays and weekends is interdependent at both the individual level and household level. Using the national time use data collected in Japan, this study re-confirmed this finding based on correlation analysis and also clarified that more than half of the activities are competitive in terms of time allocation. To represent such weekday-weekend interdependency in the context of household time allocation, this paper developed a new household time allocation model to represent such behavioral mechanisms by defining each member’s utility of allocating certain length of time to an activity as a weighted function of the times to the activity on weekdays and weekends. Considering the special characteristics of shopping activities, it is assumed that each member attempts to balance these activities between not only his/her individually-performed shopping activities on weekdays and weekends, but also the shared shopping activities on weekdays and weekends at the same time.
Using a sample of couples extracted from the national time use data collected by Japanese government, the effectiveness of the proposed household time allocation model was confirmed. It was also shown that on average, both husbands and wives participate more in activities on weekdays than on weekends. Husbands attach higher importance to activities on weekends than wives do. Group decision-making mechanisms were also examined and it was found that the couples interact with each other to increase household utility. It was further made clear that even though many activities under study are competitive, households try to allocate their available time to different activities to increase each member’s utility.
Some limitations of this study should be mentioned. One of the limitations is that model accuracy is not satisfactory. This should be examined in the near future by properly selecting the input variables to the model. A second limitation is that working hours are included in out-of-home compulsory activities. Compared to other activities, working hours might be a long-term decision outcome. In reality, such long-term decisions and other short-term decisions related to other daily activities might involve different underlying decision mechanisms. Exploring this point could be a promising research topic. In this study, time allocation is modelled based on total length of time. The number of activities of the same type has not been endogenously incorporated. Overcoming such drawback could further enhance the capability of the household time allocation model in policy analysis. Furthermore, it is expected that linking time allocation behavior with other activity aspects (e.g., choices of activity contents, its destination and travel mode, and activity timing) could open a new way of time use research in transportation.
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Table 1 Survey Content
	Common items for all the respondents
	Age, relation with household head, education status, etc.

	Common items for the respondents over 10 years old
	Gender, marriage status, weather condition, use of mobile phone and PC, time use behavior of one weekday and one weekend etc.

	Common items for the respondents over 15 years old
	Occupation, employment status, type of job, working hours etc.

	Items for the households
	Type of residence, number of rooms, car ownership, household income etc.


Table 2 Activity Types for Model Estimation

	Type of activity
	Description

	In-home activity (hom)
	all the activities performed at home

	Out-of-home compulsory activity (com)
	businesses inside and outside workplace, the relevant trips, rest, eating, side-job and its relevant trips, and schooling activities

	Out-of-home individual maintenance and discretionary activity (mad)
	visiting doctor, medical treatment, banking, visiting post office, visiting agricultural cooperative, visiting town hall, visiting grave, visiting shrine, worship, sutra-chanting, use of personal service, study at cram school, study and research beyond schoolwork, use of business service, eating out, study and research, cultural and recreational activity, creative activity, hobby, driving, sports, voluntary activity, social activity, ceremonial occasions, job-hunting, and babysitter

	Out-of-home shopping (shp)
	daily shopping and non-daily shopping

	Out-of-home shared non-shopping activity (srn)
	out-of-home non-shopping activity performed by 2 and more household members jointly

	Out-of-home shared shopping (srp)
	out-of-home shopping activity performed by 2 and more household members jointly
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H_COM_D 1.0000

H_MAD_D -0.4614 1.0000

H_SHP_D -0.3008 0.1362 1.0000

H_HOM_D -0.8596 0.1187 0.2213 1.0000

H_SRN_D -0.2675 -0.0314 -0.0357 -0.0776 1.0000

H_SRP_D -0.2445 -0.0296 0.0260 0.2285 -0.0314 1.0000

H_COM_E 0.2988 -0.2055 -0.1334 -0.2537 -0.0262 0.0184 1.0000

H_MAD_E -0.0764 0.3030 0.0744 -0.0376 -0.0159 -0.0665 -0.2976 1.0000

H_SHP_E 0.0045 0.0347 0.1204 0.0009 -0.0673 -0.0569 -0.1931 0.0224 1.0000

H_HOM_E -0.2317 0.0603 0.1213 0.3302 -0.1993 0.0301 -0.7934 -0.1641 0.0819 1.0000

H_SRN_E -0.1860 0.0333 -0.0525 -0.0279 0.5864 -0.0362 -0.1752 -0.0480 -0.0641 -0.1944 1.0000

H_SRP_E 0.1126 -0.0531 -0.0373 -0.1178 0.0066 0.0340 -0.2867 -0.0471 0.1081 0.1346 0.0222 1.0000

W_COM_D 0.2813 -0.0982 -0.1219 -0.2182 -0.1376 -0.1427 0.1675 -0.0128 0.0434 -0.1708 -0.0509 0.0527 1.0000

W_MAD_D -0.0510 0.1211 0.0807 0.0424 -0.0820 -0.0739 -0.0914 0.0412 -0.0116 0.0982 -0.0109 -0.0737 -0.2779 1.0000

W_SHP_D 0.0995 0.0194 0.0543 -0.0781 -0.1162 -0.0987 0.0074 0.0127 0.0718 0.0096 -0.0583 -0.0497 -0.1804 -0.0197 1.0000

W_HOM_D -0.1327 0.0651 0.0959 0.2390 -0.2888 0.1037 -0.1264 0.0083 -0.0157 0.2297 -0.2167 -0.0199 -0.8035 -0.0893 0.0543 1.0000

W_SRN_D -0.2675 -0.0314 -0.0357 -0.0776 1.0000 -0.0314 -0.0262 -0.0159 -0.0673 -0.1993 0.5864 0.0066 -0.1376 -0.0820 -0.1162 -0.2888 1.0000

W_SRP_D -0.2445 -0.0296 0.0260 0.2285 -0.0314 1.0000 0.0184 -0.0665 -0.0569 0.0301 -0.0362 0.0340 -0.1427 -0.0739 -0.0987 0.1037 -0.0314 1.0000

W_COM_E 0.0786 -0.0553 -0.0541 -0.0481 -0.0231 -0.0876 0.2442 -0.0946 0.0761 -0.1591 -0.0942 -0.1659 0.4649 -0.0988 -0.0890 -0.4036 -0.0231 -0.0876 1.0000

W_MAD_E 0.1182 0.0353 -0.0347 -0.1322 -0.0527 -0.0437 0.0605 0.1699 0.0266 -0.0956 -0.0957 -0.1217 -0.0648 0.2316 0.0640 -0.0150 -0.0527 -0.0437 -0.1936 1.0000

W_SHP_E 0.0912 0.0046 -0.0456 -0.0627 -0.1100 -0.0045 0.1085 0.0378 0.0332 -0.0491 -0.1787 -0.1065 0.0702 -0.0154 0.1203 -0.0372 -0.1100 -0.0045 -0.1195 -0.0086 1.0000

W_HOM_E -0.0828 0.0251 0.1205 0.1770 -0.2548 0.1164 -0.1160 0.0258 -0.0838 0.2875 -0.3867 -0.0146 -0.3967 -0.0012 0.0576 0.5168 -0.2548 0.1164 -0.6828 -0.2567 -0.0578 1.0000

W_SRN_E -0.1860 0.0333 -0.0525 -0.0279 0.5864 -0.0362 -0.1752 -0.0480 -0.0641 -0.1944 1.0000 0.0222 -0.0509 -0.0109 -0.0583 -0.2167 0.5864 -0.0362 -0.0942 -0.0957 -0.1787 -0.3867 1.0000

W_SRP_E 0.1126 -0.0531 -0.0373 -0.1178 0.0066 0.0340 -0.2867 -0.0471 0.1081 0.1346 0.0222 1.0000 0.0527 -0.0737 -0.0497 -0.0199 0.0066 0.0340 -0.1659 -0.1217 -0.1065 -0.0146 0.0222 1.0000



Table 4 Share of negative correlations between activity times
	
	Husband’s

activities

on weekday
	Husband’s

activities

on weekend
	Wife’s

activities

on weekday
	Wife’s

activities

on weekend

	Husband’s activity

on weekday
	67%
	
	
	

	Husband’s activities

on weekend
	53%
	67%
	
	

	Wife’s activities

on weekday
	62%
	56%
	87%
	

	Wife’s activities

on weekend
	61%
	59%
	67%
	93%


Table 5 Estimation results of household time allocation model

	Explanatory variable
	Husband
	Wife

	
	Parameter
	t-score
	　
	Parameter
	t-score
	　

	Weight of household member
	0.9883 
	78.914 
	**
	0.0117 
	-
	　

	Intra-household interaction
	0.0002 
	0.781 
	　
	Same values shown left

	Weekday-weekend interdependency (parameters of weekday + weekend = 1)

	In-home activity

	weekday
	0.6640 
	8.838 
	**
	0.9412 
	6.978 
	**

	weekend
	0.3360 
	-
	　
	0.0588 
	-
	

	Out-of-home compulsory activity

	weekday
	0.9330 
	45.830 
	**
	0.9837 
	25.131 
	**

	weekend
	0.0670 
	-
	　
	0.0163 
	-
	

	Out-of-home discretionary and maintenance activity

	weekday
	0.7205 
	10.437 
	**
	0.9616 
	10.673 
	**

	weekend
	0.2795 
	-
	　
	0.0384 
	-
	

	Out-of-home shared non-shopping activity

	weekday
	0.5947 
	7.177 
	**
	0.9242 
	21.095 
	**

	weekend
	0.4053 
	-
	　
	0.0758 
	-
	

	Out-of-home shopping activities (parameters of weekday-shopping + weekend-shopping

 + weekday-shared-shopping + weekend-shared-shopping =1)

	Weekday-shopping
	0.0764 
	1.973 
	*
	0.0616 
	1.124 
	

	Weekend-shopping
	0.0382 
	-
	　
	0.0030 
	-
	

	Weekday-shared-shopping
	0.4658 
	6.318 
	**
	0.9321 
	15.959 
	**

	Weekend-shared-shopping
	0.4195 
	4.817 
	**
	0.0033 
	0.251 
	　

	Inter-activity interaction
	0.0112 
	2.825 
	**
	0.0281 
	5.501 
	**

	Constant term

	Out-of-home discretionary and maintenance activity
	-0.0815 
	-0.200 
	　
	-3.0092 
	-13.998 
	**

	Out-of-home shopping activity
	0.0988 
	0.162 
	　
	0.0677 
	0.075 
	

	Out-of-home shared non-shopping activity 
	-0.0019 
	-0.005 
	　
	-0.0025 
	-0.006 
	

	Influence of household member’s attributes on time allocation to different activities

	In-home activity
	1.0000 
	-
	
	Same values shown left

	Out-of-home compulsory activity
	-1.0984 
	-11.352 
	**
	

	Out-of-home discretionary and maintenance activity
	0.1759 
	7.225 
	**
	

	Out-of-home shopping activity
	-0.0250 
	-1.323 
	
	

	Out-of-home shared non-shopping activity 
	-0.3089 
	-9.731 
	**
	

	Household/member attributes

	Age
	0.0141 
	5.157 
	**
	0.0442 
	10.423 
	**

	Employment status
(Yes: 1, No: 0)
	-2.9341 
	-10.847 
	**
	-2.3706 
	-11.508 
	**

	Car ownership
(Yes: 1, No, 0)
	-0.2614 
	-2.767 
	**
	1.0876 
	8.972 
	**

	Average travel time 
(minutes/activity/day)
	0.0248 
	30.659 
	**
	0.0330 
	27.402 
	**


Table 5 Estimation results of household time allocation model (Cont.)
	Influence of policy variables on time allocation to different activities

	In-home activity
	1.0000 
	-
	
	Same values shown left

	Out-of-home compulsory activity
	-0.3185 
	-7.770 
	**
	

	Out-of-home discretionary and maintenance activity
	-0.1889 
	-5.763 
	**
	

	Out-of-home shopping activity
	-0.1612 
	-5.069 
	**
	

	Out-of-home shared non-shopping activity 
	-0.4002 
	-9.677 
	**
	

	Policy variables (unit: per 1000 persons)

	Length of expressways (km)
	5.5365 
	2.226 
	*
	-5.6038 
	-2.106 
	*

	Length of national/prefecture highways (km)
	-0.9413 
	-5.369 
	**
	-1.0971 
	-5.806 
	**

	Length of municipal roads (km)
	0.1047 
	3.564 
	**
	0.1861 
	5.384 
	**

	Length of railways(km)
	-4.5091 
	-3.433 
	**
	-0.1891 
	-0.143 
	

	Number of day-care facilities
	29.2328 
	5.175 
	**
	9.3460 
	1.562 
	

	Number of home-helps
	-0.2000 
	-0.856 
	　
	0.4844 
	1.969 
	*

	Number of hospitals
	3.6217 
	5.427 
	**
	-0.2098 
	-0.309 
	

	Number of restaurants
	0.1009 
	2.433 
	*
	0.2384 
	4.742 
	**

	Number of libraries
	-13.6675 
	-1.375 
	　
	-30.3571 
	-3.071 
	**

	Number of supermarkets
	12.5078 
	5.558 
	**
	4.8232 
	2.172 
	*


	Area of urban parks (m2)
	0.1548 
	6.554 
	**
	0.1042 
	4.308 
	**

	Number of companies
	0.0736 
	3.832 
	**
	-0.0711 
	-3.512 
	**

	Multiple Correlation Coefficients

	Weekday

	Out-of-home compulsory activity
	0.781 
	0.789 

	Out-of-home discretionary and maintenance activity
	0.358 
	0.315 

	Out-of-home shopping activity
	0.098 
	0.227 

	Out-of-home shared non-shopping activity
	0.112 

	Out-of-home shared shopping activity
	0.040 

	Weekend

	Out-of-home compulsory activity
	0.482 
	0.517 

	Out-of-home discretionary and maintenance activity
	0.288 
	0.266 

	Out-of-home shopping activity
	0.137 
	0.270 

	Out-of-home shared non-shopping activity
	0.144 

	Out-of-home shared shopping activity
	0.159 

	Sample size (households)
	494


Note: * significant at 95% level; ** significant at 99% level
	Table 6 Influence of explanatory variables: Value of partial utilities (=parameter*average value of explanatory variable)

	Explanatory variable
	Husband
	Wife

	
	hom
	com
	mad
	srp
	srn
	hom
	com
	mad
	srp
	srn

	Constant term
	0.000 
	0.000 
	-0.082 
	0.099 
	-0.002 
	0.000 
	0.000 
	-3.009 
	0.068 
	-0.003 

	Household-member attributes
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	Age
	0.771 
	-0.847 
	0.136 
	-0.019 
	-0.238 
	2.292 
	-26.016 
	16.558 
	-3.032 
	-22.301 

	Employment status (Yes: 1; No: 0)
	-2.388 
	2.623 
	-0.420 
	0.060 
	0.738 
	-1.248 
	14.164 
	-9.015 
	1.650 
	12.141 

	Car ownership (Yes: 1; No: 0)
	-0.230 
	0.252 
	-0.040 
	0.006 
	0.071 
	0.955 
	-10.846 
	6.903 
	-1.264 
	-9.298 

	Average travel time (minute/activity/day)
	0.539 
	0.900 
	0.104 
	0.035 
	0.009 
	0.749 
	0.427 
	0.253 
	0.072 
	0.013 

	Policy variable (unit: per 1000 persons)

	Length of expressways (km)
	0.294 
	-0.094 
	-0.056 
	-0.047 
	-0.118 
	-0.298 
	0.095 
	0.056 
	0.048 
	0.119 

	Length of national/prefectural highways (km
	-1.464 
	0.466 
	0.277 
	0.236 
	0.586 
	-1.706 
	0.543 
	0.322 
	0.275 
	0.683 


	Length of municipal roads (km)
	0.831 
	-0.265 
	-0.157 
	-0.134 
	-0.333 
	1.477 
	-0.470 
	-0.279 
	-0.238 
	-0.591 

	Length of railways
	-1.012 
	0.322 
	0.191 
	0.163 
	0.405 
	-0.042 
	0.014 
	0.008 
	0.007 
	0.017 

	Number of day-care facilities
	1.977 
	-0.630 
	-0.374 
	-0.319 
	-0.791 
	0.632 
	-0.201 
	-0.119 
	-0.102 
	-0.253 

	Number of home-helps
	-0.250 
	0.080 
	0.047 
	0.040 
	0.100 
	0.606 
	-0.193 
	-0.114 
	-0.098 
	-0.242 

	Number of hospitals
	2.881 
	-0.918 
	-0.544 
	-0.464 
	-1.153 
	-0.167 
	0.053 
	0.032 
	0.027 
	0.067 

	Number of restaurants
	1.160 
	-0.370 
	-0.219 
	-0.187 
	-0.464 
	2.742 
	-0.873 
	-0.518 
	-0.442 
	-1.097 

	Number of libraries
	-0.273 
	0.087 
	0.052 
	0.044 
	0.109 
	-0.607 
	0.193 
	0.115 
	0.098 
	0.243 

	Number of supermarkets
	2.300 
	-0.733 
	-0.435 
	-0.371 
	-0.920 
	0.887 
	-0.283 
	-0.168 
	-0.143 
	-0.355 

	Area of urban parks (m2)
	1.306 
	-0.416 
	-0.247 
	-0.211 
	-0.523 
	0.879 
	-0.280 
	-0.166 
	-0.142 
	-0.352 

	Number of companies
	1.467 
	-0.467 
	-0.277 
	-0.236 
	-0.587 
	-1.416 
	0.451 
	0.268 
	0.228 
	0.567 
























hom: in-home activity	com: out-of-home compulsory activity	mad: out-of-home individual maintenance and discretionary activity


shp: out-of-home shopping	srn: out-of-home shared non-shopping activity	srp: out-of-home shared shopping


_____: variable which influence is larger than other.





h: husband	w: wife


d: weekday	e: weekend


hom: in-home activity	com: out-of-home compulsory activity	mad: out-of-home individual maintenance and discretionary activity


shp: out-of-home shopping	srn: out-of-home shared non-shopping activity	srp: out-of-home shared shopping


(For example, w_hom_d means the in-home activity performed by wife on weekday)








Table 3 Correlations between the times allocated to the major activities in the data used for this study
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