 Household Impacts on Traveler’s Activity in China


Household Impacts on Traveler’s Activity in China
Qian Zhou1
Ph.D. Candidate

Institute of Transportation Engineering

Tsinghua University

Beijing, 100084

Tel: 86-10-62772615

Fax: 86-10-62795339

Email: zhouqianzzqq99@mails.tsinghua.edu.cn

Huapu Lu

Professor

Institute of Transportation Engineering

Tsinghua University

Beijing, 100084

Tel: 86-10-62795339

Fax: 86-10-62795339

Email: luhp@tsinghua.edu.cn

Wei Xu

Master

Department of Civil Engineering
University of Virginia
VA, USA
Tel: 434-242-5145
Fax: 86-10-62795339

Email: wx3f@virginia.edu
1 Corresponding author.
Abstract: This paper proposes the necessity of modeling the impact of the household structure and interactions on each household member’s activity pattern. Based on the analysis of household structure, household interactions and their impacts on the individual’s trips and activity behavior, data from a Chinese city’s resident trip survey is used to verify and further analyze the impact of number of household members, household structure, household roles, sharing activity and the existence of children on individual’ s activities. Characteristics of Chinese household activity are therefore concluded. Most of the statistical results accords with the theoretical analysis, while some results are contrary, especially on children’s impact on other members’ activities. In addition, the author introduces the idea and method of utilizing trip-based resident trip data for the activity-based approach.
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1. Introduction

In the past three decades the limitations of the conventional trip-based demand forecasting methods in the current planning contexts were widely recognized. The traditional four-step method was criticized as it can not offer coherent frameworks for policy analysis and demand forecasting with the wide range of travel demand management (TDM) and other policy measures that are being considered for improved mobility and reduced environmental impact (Kitamura, 1997). Extensive development about activity-based models has been made, such as empirical results, methodologies for collecting data, activity-travel behavior models, and new demand forecasting system.
According to the activity theory, the choice of activity pattern is influenced and restricted by socio-demographics, personal characteristics, time, space, traffic and other related factors (Lu, 1999). Among those factors, household plays an important role. Intra-household interactions can strongly influence the formation of each household member’s activity pattern. While existing approaches to modeling daily activity-travel patterns are mostly person based (Bowman, 2001; Bhat, 1999; Bhat, 2000; Miller, 1997; Kwa, 1996). A system analysis is badly needed for household’s impacts on house members’ travel decision in different regions and cultures.  
Due to the special situation of China, the traveler’s activities here have many different characteristics comparing to those in the developed countries. For example, bicycles, especially in middle and small cities, play a much more important role than motor vehicles do in China for its comparatively low car ownership and high bicycle ownership. Besides, the family relationship in China is also different. The household impact on the traveler’s activity is deeper due to the close relationship between different generations, popularity of cohabitation of three generations and so on.
In this paper, data from a representative Chinese city’s resident trip survey is used to verify and further analyze the impacts of many factors, including number of household members, household structure, household roles, sharing activity and the existence of children, etc. Further more, Household activities with Chinese characteristics are abstracted after more carefully observation and summarization, and theoretical results are consummated.
Since the research on activity-based approach in China has just started, activity-based data is very scarce. Most of the existing data is investigated using a trip-based idea. The author then introduces the idea and method of how to utilize trip-based resident trip data in the activity-based approach.
2. Relations of household members

The impacts of household on household members’ travels and activities can be mainly concluded into these aspects: the impact of household structure on house members’ decisions; the impact of role for each household member in the family with the same household structure; and children’s impact on other house members (Vovsha, 2004).
The household structure means to number of household members, generations of household member, age and occupation of each member. It decides the life style of the household from the essential and further affects household members’ choice of activity pattern. The demands of different types of activity pattern for households are distinctly different regarding to their different structure. But some trends can be conjectured. Firstly, activity patterns will increase with the increase of the number of household members. Secondly, the increase of mandatory patterns is faster than that of non-mandatory patterns. The second conjecture is based on the observation that household members’ social demand can be more easily satisfied in larger families. Besides those factors, household structure is also related to the distribution of household role in members, the number of children, the number of member disabled and so on.
The mutual impacts among household members depend mainly on different role for each household member in the family. It means the activities are allocated according to members’ roles in a certain family. For example, it is common in western society that the husband takes charge of breeding the family while the wife takes charge of housework. Some certain roles, like job load taken, can be observed directly. But some other roles, like housework taken, which should be reflected by activities indirectly, are hard to be measured. Among these impacts, the most important ones are gender and age. Gender has great influence in families with children. And in families with generations, age plays an important role in activity pattern’s choice.
Children’s impacts on other house members can be concluded as followed:
• Child care at home. If at least one of the preschool or school children stays at home, at least one of the household adults might also stay at home to take care of the child.

• Escorting a child for a non-mandatory activity. It is most frequently associated with an out-of-home family event, sports event, or other event; thus the child may require escorting by an adult family member. In order to take into account a probable time conflict with the mandatory activity, this adult should also have a non-mandatory activity pattern.

• Activity pattern changed. If a child catches sickness or some other accidents at least one adult is likely to change his or her activity pattern.
Besides impacts analyzed above, the impacts of household on household members’ travels and activities also include impact on non-mandatory by household income, allocation of vehicles in family, sharing out-of-home activities by household members and so on. The proposed sequence of person categories and the corresponding rules of relations are shown schematically in Figure 1.
Figure 1

3. Research data

The 2003 Resident Trip Survey for the City of Changchun (a large northern city in China), was intended to serve as the database for traffic management planning. The survey was commissioned by the Institute of Transportation Engineering in Tsinghua University and funded by the Bureau of Traffic Police of Changchun. Demographic and socio-economic data for the same year were also collected.
The 2003 Resident Trip Survey examined a sample of 2% of the overall household population in the urban area, which included six districts. The survey was restricted to permanent residents over the age of six. 5101 households’ (representing 15215 individuals) one-day travel activities were surveyed, giving sufficient data to lay a strong foundation for the analysis.

The data had to be pre-processed and sorted before being used in this paper because the original intention of the survey was not for our research and it is trip based. Fortunately there was enough information to make the sort. The main process is as follows:

1) Identification of household structure: different household structure contributes greatly into travel demands for each family (Townsend, 1987). Households are identified and classified based on the number of household members, generations of household member, age and occupation of each member and so on. Taking China’s situation into account, household structures are classified into 16 categories which are shown in Table 1. From the statistics we can see that couple with school children, three generations and couple (both employed) are three most dominant household structures in China (constitute 53.83% in all). It reflects the special situation of China nowadays: rapidly increased population, Family Planning, burdensome life pressure and tradition of living with elders. One parent with children (7.39%), especially one parent with little children (2.96%) is not common in Chinese society for much lower divorce rate than western.
Table 1
2) Identification of role for each household member in the family: similar to household structure, the role of household member in the family determines his travel demand pattern. Household members are classified according to their genders, ages, occupations and so on. The categories are simplified into 5 kinds in Figure 2. The statistical distribution of roles is approximate to demographic of the same area with more than a half (57.91%) being workers.
Figure 2
3) Activity pattern recognition: A person’s decision, such as whether to get out or not and whether to walk or to travel by other means, depends on several factors such as the purpose of the activity, the distance between origin and destination, the existence of a car, etc. The recognition of activity pattern from a trip survey is a time-consuming task. As a kind of simplification, the paper selects the home based travels as the data for the model establishment. The loss of some trip data is inevitable due to the complexity of activity pattern.
The definition of activity pattern was proposed by Bowman and Ben-Akiva used the travel tour as a basic unit (Bowman 2001). Activity patterns are classified into three main types;
• Mandatory pattern. It includes at least one of three mandatory activities—work, university, or school;

• Non-mandatory pattern. It includes only maintenance and discretionary tours; and

• At-home pattern. It includes only in-home activities and is not distinguished by any specific activity. Besides, the cases of being out of town (eg. business travel, vacations) are also attributed to this category. 

Further on, mandatory pattern are divided into work pattern and school (university) pattern.
4. Household impact on traveler’s activity
As discussed above, the impacts of household on household members’ travels and activities include these aspects: the impact of household structure on house members’ decisions; the impact of role for each household member in the family with the same household structure; and children’s impact on other house members. In this section, some quantitative analysis is given based on the data. The results demonstrate that most of resident trip surveys which conducted on trip-based theory can also be made use of at activity-based analysis.
4.1. The impact of household structure
The differences of activity patterns can easily be found regarding to household structure in Table 2 and Table 3, both from activity patterns per household and per person.
The number of total activity patterns per household increases with the increase of number of household members (from 1.23 to 6.13), but the rate of increase is obviously slow down. That is because the need of total activity patterns per person is descendant with the increase of household members (from 1.26 to 1.02). The conjecture that the increase of mandatory patterns is faster than that of non-mandatory patterns is confirmed. The difference of average number of mandatory patterns is 2.19 from household with one member to six members, contrast to non-mandatory patterns’ 1.8. It lies on the reason that the need of mandatory patterns is approximately remain the same (the difference is 0.17) and the need of non-mandatory patterns rapidly goes down (the difference is 0.33) with the increase of household members. The number of at-home patterns, which is increased from 0.09 to 0.17, corresponds to the increase of household members The observation that household members’ social demand can be more easily satisfied in larger families is also confirmed.
It is not listed in Table 3 that the proportion of activities with additional stops goes down from 22% to 17 % when the number of household members increases. It shows that the life pressure is slightly alleviated as household members increase.
Table 2
The similar result can be obtained from average number of activities per household regarding to sixteen household structures. We can find more detailed results from average number of activities per person. Except for “one parent with preschool children” and “couple with preschool children” (because we do not have the data about the children under the age of six), the trend of average number of total activities per person is interesting. Four categories with greatest average number of total activities per person are “couple (unemployed)”, “single (unemployed)”, “couple (one employed)” and “elder with one employed child”, whose figures are all mainly composed by non-mandatory activity. Because people who are not employed have much more time to attend maintenance and discretionary activities. Those households mainly constituted by workers and students engage much more mandatory activities (0.64 per person) than non-mandatory activities (0.47 per person). And these households constitute the majority in China. The statistical results again reveal the burdensome life. People who are working or studying have not much time to join non-mandatory activities. Tours from home to plants (and schools or universities) in the morning and then back to home in the dusk are typical life patterns for most Chinese families.
Table 3

When we focus on the impact of number of household member on activity distance and model choice, the trends are no longer monotone as showed in Figure 3. Both the average activity distance and four main models taken by household members reveal parabolas curves with acmes at 3 or 4 household members. Households with 3 members need to take the longest travel (9.63km) with correspondingly most percentage of transit (30%) and bicycle (19%). Other household can participant activities much more on foot. 

Those four categories (couple (unemployed), single (unemployed), couple (one employed) and elder with one employed child) whose activities are all mainly compose by non-mandatory activity have shortest travel distance (6.47, 6.76, 8.62 and 6.67km) and relatively higher walk rate (76%, 73%, 54% and 42%). Those households engaged much more mandatory activities (0.64 per person) have longer travel distance (9.87km in average) and higher transit rate (31% in average). It shows people are more likely to engage in non-mandatory activity in nearer places and inclined to go there on foot. Plants often locate farer away and they have to go there by transit or bicycle.
Figure 3
4.2 The impact of members’ roles
When divided by gender, the distribution of members’ roles is a totally Chinese style. The proportion of male worker is just a slight more than female, showing the function of female in household in China is totally different from that in western. And the explanation for more female non-workers than male is that women retire 10 years earlier and usually live longer than men.
In Table 4, the average number of total activities per person for non-worker (1.35) is much higher than other member roles. Correspondingly, most of their activities are non-mandatory activities (83%), too. The average number of total activities per person for students is the smallest (1.06 and 1.04). What surprises us is that it is mostly compose by mandatory activity (92% and 84%). It means that there are nearly no other activities than attending school or university. The workers’ non-mandatory activities are also much less than Non-workers. The reason is the same as discussed in last section.
Some should notice that workers’ mandatory activities only account for 52% of their total activities, and the proportion is 41% for non-mandatory activities. After further check, we figure out that 25% of members whose roles are workers were on rest day when they were surveyed. And the rest 75% members who were on working day had 72% mandatory activities in total activities. This figure is more reasonable.
We try to find difference in the distribution of three categories of activity patterns by gender, but the results are negative. That’s to say male’s distributions of mandatory, non-mandatory and at-home pattern in all roles are nearly the same as female’s. For example, the proportion of male’s and female’s mandatory pattern in workers is 51.75% and 51.87% respectively; the proportion of male’s and female’s non-mandatory pattern in non-workers is 79.58% and 79.66% respectively. It means work load for women in China is not less than that for men.
Table 4
Impact of household role on activity distance and model choice showed in Figure 4 reveals different patterns. The average activity distance (12.48km) and transit usage rate (54%) are both highest for university students. This is because universities are located at the suburb of the city. It is reasonable for university students to get their destination by bus.

In the remained three categories of household roles, the figures are consistent with analysis above. Workers travel longer distance (10.61km) and relatively higher transit rate (32%). Cause workers have to engage more mandatory activities and destinations usually farther than other two categories of household roles.
Figure 4
The differences between genders become greater when paid attention to activity distance and model choice. Both for workers and non-workers, males are more likely to travel by bicycle and by car, while females are more likely to travel by bus and on foot. And male’s average travel distance is longer than female’s, with 10.02km and 6.78km for male and 8.91km and 6.50km for female. 
4.3 Sharing out-of-home activities by household members and children’s impact on other household members
Table 5 summarizes the statistics on the sharing of the activities by household members. It should be noted that the total shown in the last column is not equal to the fourth column of “Number of shared activities” because more than two household members may share the same activities.

From the data in Table 6, the following observations can be made regarding the sharing of the activities. The overall percentage of shared activities is 15%, that’s mean 15% of people’s out-of-home activities is companied by household members. Non-workers’ 23% of out-of-home activities are shared with members. It is the highest proportion in four roles listed. University students have the lowest percentage (3%) of the shared activities. It reflects that youth in this age are more inclined to be accompanied by counterparts.
We can also obtain the impact of children on other household members. Children’s 17% of out-of-home activities are companied by other members, a slight higher than the average percentage (15%) for four roles. It appears very low children in this age, especially compared with western figures. The reason is the regulation implemented in China that children should attend the nearest preliminary and high school from their dwelling place. Thus a majority of children can go to school on foot with themselves. Besides, the low ownership of vehicles also attributes to the low activity sharing rate.
Table 5
Children’s impact on household members’ activity distance is not distinctive. Households of “one parent with preschool children” have the shortest average activity distance (6.67km), while those of “couple with preschool children” have the longest average activity distance (10.97km). Figures for “one parent with school children” and “couple with school children” are in median (8.26km and 9.40km). Children’s impact on household members’ travel model choice is also indistinctive.
5. Conclusions
The analysis use detailed activity data from a Resident Trip Survey for the City of Changchun to examine the effects of household characteristic on household members’ travel activities. With respect to the impact of household structure, members’ role and children on other household members, the findings presented are of great interesting and totally inconsistent with those in western cities:
1) Amount of all kinds of activity patterns is increased with the number of household members increasing. The increase of mandatory patterns is faster than that of non-mandatory patterns.

2) Household structures with people unemployed have greater average number of total activities per person than others. And figures are all mainly composed by non-mandatory activity.
3) The average number of total activities per person for non-worker is much higher than other member roles. It is mostly composed by non-mandatory activity. The activities of students and workers (on working day) are mainly composed by mandatory activities, especially for students.

4) The overall percentage of shared activities in household is very high. Non-workers’ out-of-home activities sharing rate is the highest proportion in four roles surveyed. University students are least relied on shared activities.
5) The activity independence for children unusually high, contrasted to western figures. Children’s impact on household members’ activity distance and travel model choice is indistinctive.
Many conclusions are obtained form the analysis, and many deficiencies remained, too. Because there is no activity-based survey completed in China, we have to use trip-based data. Although we have pre-processed and sorted the data before analysis, some restrictions are inevitable, such as preschool children’s impact on other member for most of preschool children were under the age of six and were not surveyed; the detail of at-home activity can not obtained for they were not covered in the survey either; and allocation of vehicles in family because most Chinese families can not afford a single car. But the utilization of in this paper reveals that trip-based resident trip data can also make good use in the activity-based approach.
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Table 1 Statistical result of household structure

	Household structure
	Number of households
	%
	Average number of members in household

	Single (unemployed)
	45
	0.88
	1.00

	Single (employed)
	66
	1.29
	1.00

	One parent with preschool children
	12
	0.24
	2.00

	One parent with school children
	139
	2.72
	2.07

	One parent with employed children
	226
	4.43
	2.65

	Couple (unemployed)
	296
	5.80
	2.00

	Couple (one employed)
	227
	4.45
	2.00

	Couple (both employed)
	529
	10.37
	2.00

	Couple with preschool children
	254
	4.98
	3.02

	Couple with school children
	1380
	27.05
	3.03

	Couple with one employed child
	180
	3.53
	3.00

	Couple with employed children
	39
	0.76
	4.03

	Elder with one employed child
	235
	4.61
	2.56

	Elder with employed children
	401
	7.86
	3.47

	Three generations
	837
	16.41
	4.32

	Other
	235
	4.61
	3.45

	Total
	5101
	100.00
	--


Table 2 Impact of number of household member on activity patterns

	Number of household member
	Average number of activities per household
	Average number of activities per person

	
	Total
	Mandatory
	Non-mandatory
	At-home
	Total
	Mandatory
	Non-mandatory
	At-home

	1
	1.23
	0.39
	0.76
	0.09
	1.23
	0.39
	0.76
	0.09

	2
	2.51
	0.86
	1.45
	0.21
	1.26
	0.43
	0.72
	0.10

	3
	3.47
	1.68
	1.50
	0.30
	1.16
	0.56
	0.50
	0.10


Table 3 Impact of household structure on activity patterns
	Household structure
	Average number of members in household
	Average number of activities per household
	Average number of activities per person

	
	
	Total
	Mandatory
	Non-mandatory
	At-home
	Total
	Mandatory
	Non-mandatory
	At-home

	Single (unemployed)
	1.00
	1.29
	0.00
	1.13
	0.16
	1.29
	0.00
	1.13
	0.16

	Single (employed)
	1.00
	1.20
	0.65
	0.50
	0.05
	1.20
	0.65
	0.50
	0.05

	One parent with preschool children
	2.00
	1.67
	0.67
	0.92
	0.08
	0.83
	0.33
	0.46
	0.04

	One parent with school children
	2.07
	2.47
	1.45
	0.91
	0.12
	1.19
	0.70
	0.44
	0.06

	One parent with employed children
	2.65
	3.27
	1.54
	1.42
	0.31
	1.23
	0.58
	0.54
	0.12

	Couple (unemployed)
	2.00
	2.77
	0.02
	2.47
	0.28
	1.39
	0.01
	1.23
	0.14

	Couple (one employed)
	2.00
	2.56
	0.63
	1.68
	0.25
	1.28
	0.32
	0.84
	0.12

	Couple (both employed)
	2.00
	2.39
	1.30
	0.93
	0.16
	1.19
	0.65
	0.46
	0.08

	Couple with preschool children
	3.02
	2.42
	1.07
	1.13
	0.22
	0.80
	0.35
	0.38
	0.07

	Couple with school children
	3.03
	3.58
	2.03
	1.32
	0.23
	1.18
	0.67
	0.44
	0.08

	Couple with one employed child
	3.00
	3.56
	1.87
	1.38
	0.31
	1.19
	0.62
	0.46
	0.10

	Couple with employed children
	4.03
	4.51
	2.33
	1.72
	0.46
	1.12
	0.58
	0.43
	0.11

	Elder with one employed child
	2.56
	3.20
	0.65
	2.14
	0.42
	1.25
	0.25
	0.84
	0.16

	Elder with employed children
	3.47
	4.14
	1.55
	2.04
	0.55
	1.19
	0.45
	0.59
	0.16

	Three generations
	4.32
	4.91
	1.85
	2.41
	0.64
	1.14
	0.43
	0.56
	0.15

	Other
	3.45
	3.84
	1.64
	1.78
	0.42
	1.11
	0.48
	0.52
	0.12


Table 4 Impact of household role on activity patterns
	Member role
	Proportion by gender
	Average number of activities per person

	
	Male
	Female
	Total
	Mandatory
	Non-mandatory
	At-home

	School student
	51.76%
	48.24%
	1.06
	0.98
	0.06
	0.03

	University student
	52.73%
	47.27%
	1.04
	0.87
	0.10
	0.07

	Worker
	54.90%
	45.10%
	1.18
	0.61
	0.48
	0.10

	Non-worker
	30.64%
	69.36%
	1.35
	0.01
	1.12
	0.22


Table 5 Statistics on the sharing of out-of-home activities

	Member role
	Number of person surveyed
	Number of total activities
	Number of shared activities
	Number of shared activities with

	
	
	
	
	School student
	University student
	Worker
	Non

worker
	Total

	School student
	1872
	2292
	391
	49
	3
	239
	129
	419

	University student
	421
	464
	13
	3
	2
	8
	1
	14

	Worker
	8811
	11572
	1350
	239
	8
	989
	184
	1420

	Non-worker
	3551
	4308
	1008
	129
	1
	184
	712
	1026

	total
	14655
	18635
	2762
	419
	14
	1420
	1026
	2877


Figure 1 the Relationship of intra-household interaction

Figure 2 Statistical result of household member’s role

Figure 3 Impact of number of household member on activity distance and model choice

Figure 4 Impact of household role on activity distance and model choice
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