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ABSTRACT

In this paper we explore how changes over time in demographic and socio-economic attributes and in the travel environments of different regions have impacted on the activity-travel patterns of car commuters from two urban areas in the Netherlands (Randstad and Non-Randstad). The data that used in this study was drawn from the Dutch National Travel Survey and supplemented with demographic, land use, and network data. We address the question holistically, using simultaneous equation modelling to assess the stability in the structural relationships underlying some key indices of activity engagement and travel. The results show that residents from different types of urban areas establish different patterns of interaction between their travel parameters. In the last decade Non-Randstad commuters have stabilised their non-work activity time and reduced their non-work visits and trip chains while Randstad commuters have stabilised their number of trip chains and their total travel time. Despite the differences, both groups exhibit tendencies of travel time expansion.

1. INTRODUCTION

The increase in motorisation and suburbanisation in metropolitan areas in the past three decades has been accompanied by changes in urban form and in the constraints on travel over time. In the same period progressive suburbanisation and the geographical expansion of metropolitan areas resulted in new spatial distributions of homes and jobs and hence induced changes in daily travel patterns. For example, changes in trip destinations occasioned by changes in accessibility may have prompted people to adopt different modes of transport and trip-chaining patterns.

The influence of urban form on specific indices of the activities and travel behaviour of commuters (e.g. number of trips, travel time expenditure, etc.) has been examined many times, usually by analysing cross-sectional data from multiple regions or repeated cross-sectional data from a single region (e.g. Newman and Kenworthy, 1989; Guliano and Small, 1993; Levinson and Kumar, 1994; Clark and Kuijpers-Linde, 1994; Cervero, 1996; Gordon and Richardson, 1997; Ewing, 1997; Cervero and Wu, 1998, Schwanen et al., 2002, etc.). Little is known, however, about how the adjustments that urban residents have made in order to keep pace with the vast changes in their travel environments and needs have modified their use of time and their travel patterns as a whole, especially in Europe. As in all Western countries, the Netherlands’ urbanisation is subjected to urban sprawl. However, since the 1990s, the concentration at the urban regional level has been a major element in the Dutch spatial policies, and it has been responsible for keeping urban deconcentration in the Randstad metropolitan area
 within a reasonable limit in the last fifth-teen years (Dieleman et al., 1999; Maat and Harts, 2001). 

Moreover, whether the pattern of change differs for residents from different urban areas is largely unknown. Analyses of individual travel behaviour which fail to address the causal mechanisms underlying activity engagement and travel as a whole and which undervalue individual adaptation processes over time could lead to biased descriptions and distorted results (Kitamura and Susilo, 2005 and Susilo and Kitamura, 2006). 
This paper uses the Dutch National Travel Survey (NTS) –  a cross-sectional travel-diary of household travel behaviour in the Netherlands from 1995 to 2005 – to trace the impact of temporal changes in travel environments and socio-demographic conditions on the activity and travel patterns of car commuters and to ascertain whether the impacts differ for commuters living inside or outside the Randstad metropolitan area (see Figure 1), i.e. commuters with different sets of activity opportunities and travel constraints. In this study, the travel data have been supplemented with land use and network data. More information on the Dutch NTS can be found in Schwanen et al. (2002), VROM (Ministerie van Verkeer en Waterstaat and Rijkswaterstaat, 2006) and Susilo and Maat (2006).

The next section describes the trends in the activity-travel behaviour of car commuters in the Netherlands from 1995 to 2005. This is followed by an explanation of the structures and assumptions of the models applied in this study. Next, we discuss the estimation results and the stability comparison conducted with the modelling system. We round off the paper with conclusions.

[Figure 1 about here]

2. PROFILES AND TRAVEL CHARACTERISTICS OF CAR COMMUTERS IN THE NETHERLANDS

Table 1 shows the profiles and travel characteristics of car commuters in the Netherlands. It appears that, in the past decade, over 70% of the car commuters in both the Randstad and the Non-Randstad area have been men. The Non-Randstad has a higher proportion of young commuters than the Randstad and the Randstad commuters have smaller size of households and higher incomes than Non-Randstad commuters. 

A continuous decline is discernible, in the number of trips and visits by car commuters in the Netherlands between 1995 and 2005. This does not automatically imply that there were fewer travellers in the Netherlands in 2005 compared with 1995. The descent might be due to more car ownership in Dutch households and the increase in part-time work in the past twenty years. Although the percentage of households with at least one car (approximately 80% of all households) is relatively constant, the number of households that own more than two cars has doubled in the past twenty years. The fall in the number of reported trips might also be attributable to certain improvements made to the NTS survey during the period covered by the analysis, viz: the implementation of the Kontiv design (1998/1999) and changes to the sampling frame (2003/2004). These downward trends have, however, been confirmed by reports from Statistics Netherlands (2005, 2003) and the Social and Cultural Planning Office (2005). Nevertheless, these conditions will, at all events, be taken into account in the analyses.

[Table 1 about here]

Between 1995 and 2005, the percentage of commuters who made simple commutes rose by 43% and 35 % for Randstad and Non-Randstad respectively. This trend might be explained by the fact that supermarkets have extended their opening hours, thus encouraging Dutch commuters to make separate trips rather than combining them with their commuting journeys. The car restrictions in the activity centres in the Netherlands made car commuters spend more time and cover longer distances for non-work visits than they otherwise would have done for independent visits with a non-motorised mode (Susilo, 2006).

The Randstad car commuters tend to have more effective travel patterns in that they made more trips with fewer trip chains than Non-Randstad car commuters. That said, the difference between the two groups has narrowed in the past ten years. 

Interestingly, although the average number of trips per day by Non-Randstad commuters has dropped by 15% in the past decade, a 4.5% increase has appeared in their total travel time. This has been accompanied by a 16% increase in the commute distance of the Non-Randstad commuters. 

3. THE MODELLING SYSTEM

To analyse the changes in travel behaviour over time, we developed an activity and travel modelling system which took account of the key factors that influence behaviour. The endogenous variables in the modelling system are total time expenditure on non-work activities, number of non-work visits, number of trip chains, and total travel time. The system incorporates the causal structure postulated for these variables. For the sake of brevity, we shall only briefly describe the theoretical assumptions of the modelling system. For a more detailed discussion of the models, formulas and variations, see Kitamura and Susilo (2005) and Susilo and Kitamura (2006).

It may be reasonably assumed that the amount of time available for out-of-home activities and travel is more or less predetermined for each individual. This time quota is allocated to activities and travel. The commute distance, the work activity time and the trips are treated as given constraints for the daily activity-travel schedule. The commuter who takes activity decisions must consider the amount of time needed to complete each activity in a satisfactory or meaningful manner. He must also consider potential locations for pursuing the activity; some activities can be performed anywhere (e.g. calling a friend on the mobile), some at a number of alternative locations (e.g. shopping for groceries), and some at one specific location (e.g. visiting a friend in hospital). People need to travel to get to a location, and travel, of course, consumes a certain amount of time. Thus, the number of visits and their locations influence the amount of time available for activities. Similarly, the amount of time available for activities influences the number and the locations of visits (Susilo and Kitamura, 2006). The basic structure of the commuter modelling system is shown in Figure 2. 

[Figure 2 about here]

Let the endogenous variables in the modelling system be: tNW = total out-of-home, non-work activity time, vNW = the number of visits (stops) for non-work activities, nC = the number of trip chains, nT = the number of trips, and tT = total trip time. And let dX = one-way commute distance, tW = total out-of-home work duration, vW = the number of visits for work activities, and v = vNW + vW; the total number of visits.

The general form of the modelling system is therefore:
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(1)

Where R = the vector of variables representing the residence and work areas, including accessibility indices, and W = the vector of individual and household attributes.

The endogenous variables are assumed to form a recursive structure, i.e. vNW is determined given tNW, then nC given vNW, nT given nC and vNW, and finally tT given nT. 
 Note that the number of trips equals the number of work and non-work visits plus the number of trip chains. Total travel time is viewed as a function of the number of trips and is expected to be influenced by home and work-area characteristics as represented by accessibility indices and other area indicators. Commute distance, dX, out-of-home work duration, tW, and the number of work visits, vW, are assumed to be predetermined in this study.

4. ESTIMATION RESULTS

The simultaneous equation modelling system for time spent on non-work activities (tNW), number of non-work visits (vNW), number of trip chains (nC), and total travel time expenditure (tT) is estimated separately for Randstad and Non-Randstad car commuters. There is no scope in this paper for the coefficient estimates or the goodness-of-fit statistics. The list of variables can be found in the Appendix. The main results are set out below.

Time spent on Non-work Activities (tNW): The estimation results show that the amount of time that commuters spend on non-work activities is negatively influenced by the number of work visits; however, the influence in the case of Randstad commuters is fairly marginal. The results also show that older commuters tend to spend less time on non-work activities than younger commuters. 

Highly educated Non-Randstad commuters spend more time on non-work activities than less educated commuters. On the other hand, a larger household size and dependent children reduce the time that Non-Randstad commuters have for non-work activities. 

Longer work duration and longer commute distance negatively influence the time spent by Non-Randstad commuters on non-work activities. An increase of one kilometre in the commute distance reduced the time that Non-Randstad commuters spent on non-work activities by 0.30, 0.27, and 0.47 minutes in 1995, 2000, and 2005 respectively. A one-minute increase in work duration reduced the time spent on non-work activities by 0.48, 0.30, and 0.42 minutes in 1995, 2000, and 2005 respectively. Also, more activity opportunities in the immediate surroundings have encouraged Non-Randstad commuters who live in highly urbanised and moderately urbanised areas to spend more time on non-work activities than those who live in low and non-urbanised areas. 

Urban form and accessibility do not, however, have a significant influence on the time spent by Randstad commuters on non-work activities. Higher accessibilities and denser activity opportunities in Randstad areas make the location of the residential area less important to the commuter’s activity-travel pattern (Susilo and Maat, 2006). Moreover, almost all the models that were estimated have a low (less than 0.10) coefficient of determination (R2).   

Number of Non-Work Visits (vNW): As Figure 2 and Eq. (1) indicate, the model predicts the number of non-work visits given the amount of time spent on non-work activities. A model coefficient indicates the effect that a unit change in the value of the explanatory variable would have on the number of non-work visits per unit of time allocated to non-work activities. 

The estimated models show that commuters with dependent children tend to make more non-work visits for each unit of time spent on non-work activities than other commuters, i.e. the average duration per visit tends to be shorter.

Randstad commuters who live in very highly urbanised areas tend to make more non-work visits per unit of non-work activity time than those who live in less urbanised areas. On the other hand, given the same unit of non-work activity time, Non-Randstad commuters who live in very highly urbanised areas tend to make fewer non-work visits than those who live in less urbanised areas. In other words, within the same amount of non-work activity time, Randstad commuters tend to make more visits but of shorter duration and Non-Randstad commuters who live in urbanised area tend to make fewer visits but of longer duration

Higher accessibility of the home municipality to the activity centres has a positive influence on the number of non-work visits of Non-Randstad commuters. Conversely, higher accessibility of the home municipality to the work location reduces the number of non-work visits of Non-Randstad commuters. These influences are not, however, significant at α = 0.05 in 2005. 

A longer commuting distance increases the number of non-work visits of commuters per unit of non-work activity time, thereby suggesting that commuting brings commuters closer to opportunities and encourages them to make more non-work visits.
The estimated models have a low (less than 0.10) coefficient of determination (R2).   

Number of Trip Chains (nC): The model predicts the number of trip chains per visit. Hence, a larger coefficient estimate implies more trip chains and fewer combined trips in relation to the total number of visits.

Given the same number of visits, men and older commuters in the Non-Randstad area are less likely to chain their trips than women and younger commuters. No such differences were found between Randstad commuters. Commuters with a higher income and a larger household also tend to have more trip chains. On the other hand, commuters with dependent children are more inclined to chain their trips.

Interestingly, given the same number of visits, commuters from more urbanised areas tend to make more trip chains than those from less urbanised areas; with the highly urbanised area residents making the most trip chains. Higher accessibility to opportunities in more urbanised areas has enticed the urban residents into making less efficient travel patterns in that they are less likely to combine all their daily trips in fewer trip chains, than residents of less urbanised areas.  This confirms Golob (2000) and Maat and Timmermans (2006).

Denser highway networks increase the accessibility of car travel and reduce the number of trips per chain for car commuters. On the other hand, longer commute distances encourage commuters to incorporate more trips in their chain, which shows that bringing commuters closer to opportunities prompts them to engage in chained activities.
Total Travel Time (tT): The model predicts the total time spent on travel in a given day. Thus a larger coefficient estimate implies that more time is spent on travel given the total number of visits and trip chains in a given day.
Given the same number of trips, men and older commuters tend to spend more time on travel than women and younger commuters. More urbanised Non-Randstad commuters also tend to spend more time on travel than less urbanised Non-Randstad commuters. On the other hand, commuters with dependent children tend to spend less time on travel than the rest. 

Commute distance also appears to have a predominantly positive influence on total travel time expenditure for both Randstad and Non-Randstad commuters, for the obvious reason that commute distance is roughly proportional to commute time.

The accessibility factors do not have any significant influence on the travel time for either Randstad or Non-Randstad commuters.

5. THE STABILITY OF ACTIVITY-TRAVEL PATTERNS

The estimation results so far suggest that some coefficient values are not stable over time. Differences in the coefficient vectors and the stability of activity-travel patterns were examined with the modelling system using the methods applied by Susilo and Kitamura (2006):

1. Statistically testing the hypothesis that, on the whole, the model coefficients have not changed their values over the years (by applying F-test),

2. Statistically testing the hypothesis that the model coefficients have not changed their values over the years (by pair-wise comparison),

3. Predicting the values of the endogenous variables using the coefficient estimates from 1995, 2000 and 2005 on a given set of data (from 1995, 2000 or 2005), and

4. Predicting the values of the endogenous variables with the data from 1995, 2000 and 2005, using the coefficient estimates from a given year (1995, 2000, or 2005).

The first and second methods offer statistical indications of behavioural stability as represented by the model coefficients. The third method indicates structural change in behaviour over time; it shows how the behaviour of a commuter of certain attributes, living in a certain area and having a certain level of accessibility, has changed over time. The fourth method, on the other hand, indicates how changes in the characteristics of commuters over time have prompted changes in behaviour. For a more detailed explanation of the methods, see Susilo and Kitamura (2006).

The results of the F-test indicate that, except for models of the time spent on non-work visits (tTNW) and the number of non-work visits (vNW), the model coefficients are highly unstable over time for both Randstad and Non-Randstad commuters (see Table 2). Most of the differences in model coefficient vectors are significant at α = 0.01. Pair-wise tests of individual coefficients (not shown here) also indicate that most of the model coefficients, when compared one on one, are not stable across any year combinations. 

[Table 2 about here]

The only exception is the models for time expenditure and the number of non-work visits (tNW and vNW) for Randstad commuters. These models, however, have very small coefficients of determination (R2) and tend to be under-specified due to the absence of pertinent explanatory variables in the dataset. In contrast, the models with a better specification, in the sense that they have more significant variables (i.e. tT and nC models) with better coefficients of determination, are not transferable over periods. These findings prove that the rapidly changing travel environment dynamically shapes the individual’s social and demographic conditions in such a way that the behaviour is constantly evolving and not transferable (Badoe and Miller, 1995; Susilo and Kitamura, 2006).

To separate the effects of variations in coefficient vectors from those of explanatory variable values on the four indices of activity and travel, the mean explanatory variable values for 1995, 2000 and 2005 served as input for the respective models to compute index values with the estimated 1995, 2000 and 2005 coefficient vectors. The results are summarised in Table 3 for Randstad commuters and Table 4 for Non-Randstad commuters

[Table 3 about here]

[Table 4 about here]

Section b of Tables 3 and 4 shows the impact of changes in the mean explanatory variable values under the three coefficient vectors. In other words, it shows the impact of changes in the demographic, socio-economic and accessibility variables by themselves without any changes in the structural relationships underlying activity engagement and travel. Section c shows the impact of changes in mean coefficient vectors values, i.e. the impact of changes in the structural relationships by themselves without any changes in the demographic, socio-economic or accessibility variables.

The diagonal elements of Table 3 indicate that, from 1995 to 2005, the travel and activity engagements of Randstad commuters have been constantly decreasing. However, their travel time has tended to increase. Section 3b shows a consistent decline in the number of non-work visits and the number of trip chains from 1995 to 2005 due to changes in the demographic, socio-economic and accessibility variables. The number of trip chains of Randstad commuters decreased by more than 6% under all three coefficient vectors. In other words, changes in demographic, socio-economic and accessibility indices between 1995 and 2005 have by themselves induced a decrease of over 6% in the number of trip chains. Similar tendencies are discernible in time expenditure on non-work visits, but the trends are less pronounced. The total travel time decreased in 2000, but increased again in 2005.

The coefficient vectors have also shifted over time towards an increase in the values of the respective travel indices (see Section 3c). Although the changes are not consistent for all the year combinations, it is clear that, compared with 1995, the rate of increase is over 10% for tNW, up to 40% for vNW, over 18% for nC and very slight for tT. This shows that the levels of out-of-home activity engagement and travel would have expanded during the last decade even if no changes had taken place in the demographic and socio-economic characteristics in the area of study. For example, the number of trip chains would still have expanded even if vehicle ownership and possession of a driving licence had not increased between 1995 and 2005. The opposing trends in changes in Sections 3b and 3c suggest that Randstad commuters have tended to stabilise their number of trip chains as well as their total travel time in the past decade.
The diagonal elements of Table 4 indicate that, from 1995 to 2005, the Non-Randstad commuters’ non-work engagements and trip chains were constantly decreasing. However, the total travel time increased. The time spent on non-work visits increased by more than 10% and the number of non-work activities and trip chains decreased by about 10% and 6%, respectively between 1995 and 2005 due to changes in the mean explanatory variable values under all three coefficient vectors. The total travel time values declined in 2000 and rose again in 2005. Interestingly, although the time spent on non-work visits is on the increase due to changes in the socio-demographic and accessibility indices (section 4b), it decreases as the coefficient vectors change their values over time (Section 4c). This might suggest that the amount of time spent on non-work activities in the past decade is stabilising for Non-Randstad commuters. From 1995 to 2005, the total travel time increased continuously and the number of non-work visits and trip chains consistently decreased due to changes in the structural relationships.

6. CONCLUSION

In this paper we have attempted to show, on the basis of findings from the Dutch National Travel Survey from 1995 to 2005 and demographic, land use, and network data, how changes over time in demographic and socio-economic attributes and in the travel environments of different regions have impacted on the activity-travel patterns of car commuters. The study adopted a holistic approach, using simultaneous equation modelling systems to explore the stability in structural relationships underlying some key indices of activity engagement and travel.

The results show that residents from different types of urban area pursue different interaction patterns between their travel parameters. For example, given the same amount of non-work activity time, Randstad commuters tend to make more visits with a shorter duration while Non-Randstad commuters tend to make fewer visits, but with a longer duration. With the same number of visits, commuters from more urbanised areas tend to make more trip chains than commuters from less urbanised areas’. 

A longer commuting distance increases the number of non-work visits of commuters per unit of non-work activity time but also decreases the number of trip chains given the number of trips. This supports the argument that commuting brings commuters closer to opportunities, thereby prompting engagement in chained activities.
It also emerged that Randstad commuters and Non-Randstad commuters exhibit different change tendencies. Whilst the Non-Randstad commuters have stabilised their non-work activity time and reduced the number of non-work visits and trip chains in the past decade, the Randstad commuters have tended to stabilise their number of trip chains and their total travel time. It might because that the available time for non-work activity and travel has become tighter for Non-Randstad commuters in the last decade, especially with the increased of women participation in workforce within the Non-Randstad area. As for Randstad commuters, their already had a very tight schedule since ten years ago. Nevertheless, even though the change trends are somewhat unclear for Randstad commuters, both groups exhibit tendencies of expansion in travel time.
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TABLE 1 Profiles and Travel Characteristics of Car Commuters in the Netherlands

	　
	Randstad Resident
	Non-Randstad Resident

	
	1995
	2000
	2005
	1995
	2000
	2005

	Male
	73.14%
	71.86%
	72.07%
	78.06%
	78.08%
	78.77%

	Aged 24 and younger 
	6.72%
	6.22%
	5.46%
	11.01%
	9.68%
	7.94%

	Aged 25 – 40
	52.78%
	65.81%
	57.97%
	49.79%
	59.76%
	56.49%

	Aged 40 – 64
	40.33%
	27.79%
	36.41%
	39.10%
	30.42%
	35.50%

	Aged 65 and over
	0.17%
	0.19%
	0.17%
	0.10%
	0.13%
	0.07%

	Number of household members
	2.55
	2.61
	2.57
	2.91
	2.92
	2.87

	Households with dependent children
	25.16%
	26.16%
	27.04%
	27.72%
	28.46%
	30.23%

	Higher level of education
	34.46%
	33.80%
	33.77%
	25.51%
	25.29%
	26.09%

	Net income [x 1,000 euro]
	21.24
	24.34
	25.49
	19.42
	22.82
	23.91

	Resides in very highly urbanised area
	39.28%
	39.32%
	34.25%
	2.89%
	1.09%
	0.95%

	Resides in highly urbanised area
	25.23%
	24.73%
	31.74%
	14.83%
	23.38%
	23.16%

	Resides in moderately urbanised area 
	27.80%
	29.85%
	28.83%
	23.71%
	22.11%
	23.17%

	Resides in low urbanised area
	6.73%
	5.54%
	5.18%
	29.46%
	30.00%
	30.77%

	Resides in non-urbanised area
	0.96%
	0.55%
	0.00%
	29.12%
	23.42%
	21.95%

	Total number of trips per day
	4.16
	3.58
	3.38
	4.13
	3.68
	3.50

	Number of work trips per day

	1.70
	1.41
	1.36
	1.66
	1.43
	1.39

	Percentage of workers who made a simple commute

	31.67%
	40.66%
	45.31%
	33.87%
	41.32%
	45.46%

	Number of non-work visits per day
	0.97
	0.73
	0.64
	0.87
	0.72
	0.63

	Percentage of workers who made non-work visits
	0.55
	0.49
	0.43
	0.52
	0.48
	0.44

	Time expenditure for all activities (min)
	560.99
	560.20
	547.48
	554.88
	554.12
	547.87

	Time expenditure for work activities (min)
	495.59
	508.86
	507.05
	496.01
	500.92
	502.99

	Time expenditure for non-work activities (min)
	65.40
	51.35
	40.43
	58.86
	53.20
	44.88

	Number of visits per day
	2.67
	2.14
	2.00
	2.52
	2.15
	2.02

	Number of trip chains per day
	1.49
	1.44
	1.38
	1.61
	1.53
	1.48

	Average number of visits per trip chain
	1.92
	1.57
	1.52
	1.65
	1.46
	1.43

	Total travel time (min)
	93.70
	86.63
	90.49
	83.94
	84.37
	87.69

	Time for commute and work purpose trips (min)
	43.47
	39.25
	42.39
	38.20
	39.07
	41.29

	One-way commute distance (km)
	24.90
	23.69
	25.79
	24.37
	26.21
	28.27

	N
	1226
	1699
	859
	10073
	10870
	5202


Note:

· The analysis focused on full-time workers; part-timers were excluded. Only those commuters who had closed travel patterns (i.e. that started and ended at the home base) and commuted by car were included; those who commute by public transport and non-motorised modes (e.g. on foot or by bicycle) were excluded. If multiple modes are used in a commute trip, the CBS definition of commuting main travel mode is applied. 
· The classification in this paper is based on the degree of urbanisation of the city (the number of addresses per km2). The areas are split into five groups: very highly urbanised (>= 2,500 addresses per km2), highly urbanised (1,500 - < 2,500 addresses per km2), moderately urbanised (1,000 - < 1,500 addresses per km2), low urbanised (500 - < 1,000 addresses per km2) and non-urbanised (< 500 addresses per km2).
· The figures have been weighted according to person and were supplied as part of the Dutch National Travel Survey dataset.
TABLE 2 Temporal Stability of Model Coefficients for Randstad and Non-Randstad Commuters

a. Results of F-tests: Randstad car commuters

	
	1995, 2000 v. 2005
	1995 v. 2000
	2000 v. 2005
	1995 v. 2005

	tNW
	1.38
	1.48
	1.11
	1.59 *

	
	(44,1855)
	(22,1489)
	(22,1183)
	(22,1038)

	vnw
	1.25
	1.18
	0.99
	1.37

	
	(40,1855)
	(20,1489)
	(20,1183)
	(20,1038)

	nC
	2.20 **
	1.40
	2.11 **
	3.73 **

	
	(38,3784)
	(19,2925)
	(19,2558)
	(19,2085)

	tT 
	4.31 **
	4.26 **
	9.05 **
	0.99

	
	(38,3784)
	(19,2925)
	(19,2558)
	(19,2085)

	(n, d): degrees of freedom (numerator, denominator)

	* = significantly different at α = 0.05 , ** = significantly different at α = 0.01


b. Results of F-tests: Non-Randstad Auto Commuters

	
	1995, 2000 v. 2005
	1995 v. 2000
	2000 v. 2005
	1995 v. 2005

	tNW
	1.40 *
	1.38
	0.77
	2.14 **

	
	(46,12553)
	(23,10279)
	(23,7401)
	(23,7426)

	vnw
	2.97 **
	3.55 **
	1.03
	3.68 **

	
	(42,12553)
	(21,10279)
	(21,7401)
	(21,7426)

	nC
	2.73 **
	3.83 **
	1.76 *
	2.07 **

	
	(40,26145)
	(20,20943)
	(20,16072)
	(20,15275)

	tT 
	8.00 **
	11.61 **
	4.47 **
	7.57 **

	
	(40,26145)
	(20,20943)
	(20,16072)
	(20,15275)

	(n, d): degrees of freedom (numerator, denominator)

	* = significantly different at α = 0.05 , ** = significantly different at α = 0.01


TABLE 3 Travel Indices produced with 1980, 1990, 2000 Coefficient Vectors at 1980, 1990, 2000 Mean Explanatory Variable Values for Randstad Auto Commuters

	a. Travel Index Values

	
	Coefficient Vector

	
	tNW
	vNW
	nC
	tT

	Data
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005

	1995
	114.6
	83.3
	96.5
	1.720
	1.814
	2.483
	1.507
	1.558
	1.475
	94.4
	98.9
	87.7

	2000
	75.2
	105.3
	93.8
	1.653
	1.492
	1.910
	1.190
	1.437
	1.408
	85.7
	88.3
	89.6

	2005
	83.5
	115.3
	92.4
	1.674
	1.419
	1.467
	1.124
	1.401
	1.382
	92.8
	90.8
	96.2

	b. Change in Travel Indices due to Change in Explanatory Variable Values (value with 1995 data = 100)

	
	Coefficient Vector

	
	tNW
	vNW
	nC
	tT

	Data
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005

	1995
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	2000
	65.6
	126.5
	97.1
	96.1
	82.3
	76.9
	79.0
	92.2
	95.5
	90.7
	89.3
	102.2

	2005
	72.9
	138.4
	95.7
	97.3
	78.2
	59.1
	74.6
	89.9
	93.7
	98.3
	91.8
	109.7

	c. Change in Travel Indices due to Change in Coefficient Vector (value with 1995 coefficient vector = 100)

	
	Coefficient Vector

	
	tNW
	vNW
	nC
	tT

	Data
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005

	1995
	100
	72.7
	84.3
	100
	105.4
	144.3
	100
	103.4
	97.8
	100
	104.7
	92.9

	2000
	100
	140.1
	124.7
	100
	90.3
	115.6
	100
	120.8
	118.3
	100
	103.1
	104.6

	2005
	100
	138.0
	110.6
	100
	84.8
	87.7
	100
	124.7
	123.0
	100
	97.8
	103.6


TABLE 4 Travel Indices produced with 1980, 1990, 2000 Coefficient Vectors at 1980, 1990, 2000 Mean Explanatory Variable Values for Non-Randstad Auto Commuters 

	a. Travel Index Values

	
	Coefficient Vector

	
	tNW
	vNW
	nC
	tT

	Data
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005

	1995
	111.8
	101.3
	73.9
	1.663
	1.612
	1.545
	1.607
	1.624
	1.592
	84.9
	87.6
	91.7

	2000
	130.0
	111.0
	95.3
	1.587
	1.501
	1.486
	1.538
	1.529
	1.507
	81.9
	84.9
	87.2

	2005
	138.9
	110.9
	102.2
	1.500
	1.434
	1.428
	1.511
	1.496
	1.481
	83.1
	87.1
	89.1

	b. Change in Travel Indices due to Change in Explanatory Variable Values (value with 1995 data = 100)

	
	Coefficient Vector

	
	tNW
	vNW
	nC
	tT

	Data
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005

	1995
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100

	2000
	116.3
	109.6
	129.0
	95.4
	93.1
	96.2
	95.7
	94.2
	94.6
	96.5
	97.0
	95.1

	2005
	124.2
	109.5
	138.4
	90.2
	88.9
	92.5
	94.0
	92.1
	93.0
	97.9
	99.4
	97.1

	c. Change in Travel Indices due to Change in Coefficient Vector (value with 1995 coefficient vector = 100)

	
	Coefficient Vector

	
	tNW
	vNW
	nC
	tT

	Data
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005
	1995
	2000
	2005

	1995
	100
	90.6
	66.1
	100
	96.9
	92.9
	100
	101.0
	99.1
	100
	103.2
	108.0

	2000
	100
	85.3
	73.3
	100
	94.6
	93.6
	100
	99.4
	98.0
	100
	103.7
	106.4

	2005
	100
	79.8
	73.6
	100
	95.6
	95.2
	100
	99.0
	98.0
	100
	104.8
	107.2
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FIGURE 1 Residential areas in the Netherlands
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FIGURE 2 Activity-Travel relationships for workers (Source: Susilo and Kitamura, 2006)

APPENDIX. Explanatory Variables for the Models in the Simultaneous Equation Modelling System†
	List of Explanatory Variables that Used
	Model of time expenditure for non-work activities
 (tNW)
	Model of number of non-work visits 
(vNW)
	Model of number of trip chains 
(nC)
	Model of total travel time expenditure 
(tT)

	Male [D]
	(
	(
	(
	(

	Aged 25 – 40 [D]
	(
	(
	(
	(

	Aged 40 – 64 [D]
	(
	(
	(
	(

	Number of household members
	(
	(
	(
	(

	Household with dependent children [D]
	(
	(
	(
	(

	Higher educated [D]
	(
	(
	(
	(

	Net income [x 1,000 euro]
	(
	(
	(
	(

	Resides in very highly urbanised area [D]
	(
	(
	(
	(

	Resides in highly urbanised area [D]
	(
	(
	(
	(

	Resides in moderately urbanised area [D]
	(
	(
	(
	(

	Resides in low urbanised area [D]
	( *
	( *
	( *
	( *

	Population accessibility by car
	(
	(
	(
	(

	Job accessibility by car
	(
	(
	(
	(

	Retail density in home municipality
	(
	(
	(
	(

	Highway network in home municipality
	(
	(
	(
	(

	Distance to highway entrance from city centre
	(
	(
	(
	(

	Time expenditure for work activities (min)
	(
	
	
	

	Number of work trips / day
	(
	
	
	

	One-way commute distance (km)
	(
	(
	(
	(

	†[D] indicates a 0-1 dummy variable.
 ( indicates the explanatory variables used for the respective models
* indicates that the variable is used only for Non-Randstad commuter models
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� Corresponding Author


� The Randstad Metropolitan Area (RMA) is an agglomeration in the Netherlands consisting of the four largest cities (Amsterdam, The Hague, Rotterdam and Utrecht), a number of small and medium-sized cities and the surrounding areas. With 7.5 million inhabitants (almost half the population of the Netherlands) the RMA is one of the largest agglomerations in Europe. Between the four main cities is a large, predominantly rural area called the Green Heart, which has been accorded National Landscape status. Scattered within this mainly open countryside are a number of small and medium-sized towns and cities.


� To eliminate selectivity bias that could be caused by only a small number of workers who engage in non-work activities and to obtain consistent parameter estimates, a selectivity bias correction term was introduced into the model equations for tNW and vNW (Maddala, 1983). Inverse Mill’s ratios prepared from the binary probit model of non-work activity engagement were used as the correction terms.


� Commute distance (dX) is regarded as predetermined.


� ‘Work trips’ are trips which are undertaken to engage in work activities and which do not necessarily originate at the home base. ‘Non-work trips’ are trips which are undertaken to engage in out-of-home non-work activities.


� A commuter is said to have made a ‘simple commute’ if he/she makes one commute trip to work and one return trip home, and does not introduce any non-work stops on the way to or from work on the survey day. Otherwise, he/she is said to have made a ‘complex commute’.
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