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Abstract

This paper examines the relationship between the trip complexity of older people (60 years and older), as measured by the number of stops they make in a tour.  The data used for this analysis is the trip-chaining dataset of the 2001 National Household Travel Survey, which is a comprehensive survey of travel behavior in the United States, and the London Area Travel Survey (LATS) which is a similar survey of travel behavior in London, England.  Our analysis focuses on understanding the difference in the behavior of older people compared to earlier work done on this same data for the entire NHTS sample (Noland and Thomas, in press).  Our focus is both on examining the effect of urban form, as proxied by population density, and the effect of medical conditions of older people on their travel.  We break down the age cohorts into sub-groups that span the range of our population of those older than 60.  This helps in understanding distinctions between the travel of the “old-old” and the “young-old”.  A similar analysis is done for the LATS data, but with different definitions used for some of the disability variables and with a different context of urban form, given the population density in London.  An ordered probit model is used to conduct a multivariate analysis of these effects on trip complexity.  Our results yield some interesting findings and both similarities and differences in the travel behavior of older people compared to the entire sample, as well as (not surprisingly) differences between behavior in London versus the US as a whole.

Introduction
As populations in most developed countries age, the share of older people in the population will increase.  Understanding the impact on future transport systems is necessary to better plan for how the travel behavior of older people will both influence demand and affect the ability of the transport system to deliver the mobility they demand.  Related to this is the question of how to continue to provide mobility to older people, many of who may no longer be able to drive or to drive as extensively as they may have in their youth.  Thus, an understanding of how medical conditions influence their behavior is needed.  The high car-dependency of many urban areas can also influence their need for a car and consequent mobility.
This paper attempts to examine these issues from the perspective of trip-chaining behavior.  Trip chains are linked trips between various activities.  These are seen as a behavioural response to reduce the high costs of travel (such as due to congestion) and to efficiently serve various activities demanded by individuals.  Our metric for examining trip-chaining activity is the number of stops on a specific tour, which serves as a measure of the complexity of the trip taken.  Previous work in this area has included the work of McGuckin and Murakami (1999) and McGuckin et al. (2005) who have examined trip-chaining by socio-economic and demographic cohorts.  Noland and Thomas (in press) extended this to a multivariate analysis of trip-chaining using recent US data from the National Household Transportation Survey (NHTS).  This analysis included a measure of population density as a proxy for urban form and found that sparser population tended to increase trip complexity.  The objective of this paper is to extend the analysis conducted by Noland and Thomas (in press) by examining the cohort of older people in the NHTS as well as comparing the results with a similar analysis based on the London Area Travel Survey (LATS).

This is done by developing an Ordered Probit model based on the number of stops each individual makes for their tours, while controlling for individual, household, transport, and factors associated with their location.  The latter is our variable for population density in the NHTS; for the LATS data we control for residential location in Inner versus Outer London.
  We also include various measures of medical conditions that may affect ability to travel.

The paper begins with a brief literature review of other work examining the travel of older people and a review of some of the literature on trip-chaining.  We then discuss the data and the analysis methods, followed by the results.  Conclusions and further research are then discussed.

Literature Review
The study of trip chaining has a long history in the transportation literature.  Early studies were based on understanding the geography of urban areas and the linkages between trips (Hanson, 1980; Takahashi, 1986), especially shopping trips.  Much of the literature on trip chaining has focused on how to better model and forecast travel.  For example, Kitamura (1984) investigated the possible treatment of interdependent destination choices in a trip chain and found that if the interdependency is not accounted for, estimation results may be biased. Hensher (2000) estimated the relationship between mode choice, especially the use of public transport, and trip chaining. He found that as individuals move from a simple tour (such as, home-work-home) to an increasingly more complex tour (say home-school-work-home) the likelihood of using public transport decreases with the increasing number of links in the chain. The result is consistent with Cirillo and Axhausen (2002) and Ye et al. (2006), who found that complex patterns (involving several stops) are preferably performed by car.  What these studies do not analyze is why there are complex trips, rather the focus is on how to model the complexity.  Noland and Thomas (in press) took this further by showing associations between sparse population density, i.e., sparse land development, and increased trip complexity.

Ye et al. (2006) found that the tour’s primary purpose appears to affect tour complexity. While tours taken for transporting passengers tend to be complex in nature, shopping tours do not tend to be complex in nature. These studies found that trip chains, especially the complexity of trip chains, do relate significantly to other trip and trip-maker characteristics.  Shopping trips, and how these are chained, are particularly interesting when studying older people, as their proportion of total trips will likely include more shopping trips.  
Vande Walle and Steenberghen (2006) took the effect of trip chaining into account to improve the insight into the relation between the choice of transport mode and time factors using 1998-1999 Belgian mobility survey data. They found that travel time variables at the trip chain level are associated with mode choice. The range of the travel time ratios (defined as the ratio between the travel time by public transport divided by the travel time by car for the same trip) in a chain, and the maximum travel time ratio in a chain have significant effects on mode choice.
In addition to the interdependency of trip chaining and other trip characteristics, research into the socio-demographic variables associated with trip chaining has been done. Wallace ( 1999) found that the greater the number of adults, employees, and children the less likely the household chained trips. Ye et al. (2006) also found that as household size increases, the tendency to chain trips decreases, while as household income increases, the propensity to chain trips decreases. Clarke et al. (1981) provided important empirical insights on the linkages between trip chaining and household characteristics. They found that households comprised of young working adults without children developed chains around the work trip to satisfy a greater proportion of their travel activity needs. Households with preschool children had a higher proportion of simple home-destination-home shopping trips and correspondingly fewer complicated work commute chains. Households with school age children experienced increasingly complex passenger and household sustaining chains. 
Golob ( 1986) finds that life cycle is the most important variable for determining the sequences of activities in trip chains, followed by age and income. McGuckin et al. ( 2005) found that most socio-demographic variables did little to explain differences in trip-chaining behaviour, except gender and life cycle (based on the number of adults and the age of children).  Noland and Thomas (in press) however find in their multi-variate analysis that estimated coefficient values of age cohorts and their association with trip complexity (i.e., the number of stops), varies little for those older than 26, but has a slight drop in complexity for those older than 76.  They also confirm that higher income households have more complex trips and that the presence of young children increases trip complexity.
In addition to socio-demographic variables, other factors also have significant effects on trip chaining, especially land use data. Studies done by Krizek (2003), Wallace et al. (2000) indicate that households living in areas with higher density of service facilities complete more tours and make fewer stops per tour. Limanond (2004) , using data from three traditional neighbourhoods in Washington, showed that households with poorer accessibility tend to make fewer one-stop shopping tours, and are more likely to combine shopping trips with other trips to form multi-stop shopping tours, presumably as a means of compensating for locational deficiencies.  Noland and Thomas (in press) show a clear pattern of increasing complexity as population density decreases, but find tour generation to be associated more with medium population densities typical of suburbs and less likely in very high density and very low density areas, in contradiction to Krizek’s analysis.
Most trip chaining research has not focused on specific population segments. Some studies are about trip chaining of women. Using the 1995 Nationwide Personal Transportation Survey (US), McGuckin and Murakami (1999) found that women, especially with children in the household, are more likely to chain household sustaining trips in tours to and from work. Handy ( 1996) investigated the non-work travel of women, who generally face greater constraints on travel than men due to greater time pressures and greater concerns about personal safety. For example, women are expected to take more responsibilities for looking after children and doing household maintenance such as grocery shopping, which will give them greater time pressure. Ye et al. (2006) found that gender does not significantly influence tour complexity in the case of non-work tours using 2000 Swiss Microcensus travel survey data. 
This paper focuses on older people, and as has been noted by other authors, the increase in the population of older people will cause challenges for transport policy (Alsnih and Hensher, 2003; Metz, 2000; Rosenbloom, 2003). Compared to younger people, older people are more likely to have restricted mobility. The investigation of Kendig et al. ( 2000) on older people in Melbourne found that the major impacts of illness and pain amongst older people was on how this limited their activity participation, which in turn was related to lowered well-being of older people. Metz (2000) also notes that quality of life in old age is related to mobility. Rosenbloom (2003) observed that in the US virtually all older people eventually are confronted with medical and other constraints that affect their mobility and consequent activity in community life. 
Alsnih and Hensher ( 2003) evaluate the evidence on the mobility needs and travel patterns of individuals over 64, and make the further breakdown of distinguishing between the ‘‘young’’ elderly (aged 65–75 years) and the ‘‘old’’ elderly (over 75 years).  Our analysis enables us to further disaggregate any effects between these cohorts and even older individuals who may be more likely to suffer medical constraints on their mobility.  Kim (2004) reported that older people are more likely to share a ride with others when chaining trips and are less likely to use public transport for shopping or doing errands. Hensher and Reyes (2000) found that as age increases, the probability of complex car trips during work decreases while complex car trips to and from work increase. 
Hildebrand et al. (2005) tracked a small number of older people in New Brunswick, Canada, using GPS positioning devices and found that an older person in a rural area is further restricted when the automobile is the sole means of personal transport. When an older person ceases driving, it is usually the “higher-order” needs trips that are most adversely affected.  Hildebrand et al. (2005) also found a fair degree of variability between rural and urban older people. The frequency of simple two-link trips for urban seniors was 1.68 times higher than for rural seniors, and remained generally higher for three and two-link trips. Conversely, rural seniors had a higher proportion of trips with five or more links. This is most likely because they live further away from their desired destinations. This frequency of shorter trip links by rural seniors may suggest that they use their vehicles for tasks that urban seniors would complete by other modes or that they are more likely to string together multiple stops in a single trip while those in urban areas would take multiple trips. Urban seniors had a higher frequency of shopping trips; however, this may be due to their proximity to shopping venues and lower propensity to chain activities together.
About 15 per cent of London’s population is aged 60 or over; this is 1.2 million people.  About 250,000 are aged over 80 and these cohorts are increasing as in other western cities (Greater London Authority, 2006). One feature of London is the widespread availability of public transport. Giuliano et al. (2003) reported it would appear that this makes it possible for older people to use public transport more than in the US, but that lower incomes and lower car ownership also are a factor.  Findings from the U.K.’s Department for Transport (2001) also suggest that in general older people in town and city centres are generally more reliant on public transport in Britain.
Su and Bell (2006) reported on the different tour types of older people in London. They found that older people prefer not to mix shopping trips with other trip purposes even if these are multi-stop tours.  Further, they report that older people’s tours tend to contain fewer stops than younger people’s tours. For example their most frequent shopping tour is home-shopping-home whereas younger people tend to do more trip chaining.  Hensher (2007) examined trip-chaining behaviour of older people in Sydney, Australia.  Using a nested logit model of mode and trip-complexity choice (defined as more than a simple return trip) Hensher finds that loss of a drivers license increases the probability of older people making complex trips with public transport.  For those 85 years and older, complex trips as a car passenger increase substantially, relative to those aged 75-84 years.
Compared with the younger population, older people have various special characteristics and travel needs and their quality of life is significantly affected by their mobility (Tacken, 1998). Walters et al. ( 2000) point out the importance of mobility from the perspective of patients, carers and health professionals. A lot of factors have significant effects on older people’s mobility. There are statistically significant relationships of age, gender, transportation disability, driver’s license, and education level with elderly mobility (Kim, 2003). Tacken (1998) reported that a  larger proportion of older people make no trips, but the types of trips of more active groups are comparable in duration and distance with the trips made by other age groups. The explanation for the lower mobility rate of older people seems to be that physical mobility deteriorates with age and that their income is lower.
There are two primary reasons for concern about the travel behavior of older people.  First, they are an increasing percentage of the population (Rosenbloom, 2003). Second, their quality of life is likely to be significantly affected by lack of mobility, especially for medical reasons, and this can lead to further physical decline (Metz, 2000; Walters et al., 2000). With increasing age the proportion of people with impairments is larger and some of these impairments are directly relevant to physical mobility. Research by Kendig (2000) of older people in Melbourne showed that the major impacts of illness and pain were through their effects on activity limitations, which in turn were related to lowered well-being of older people. Evans ( 1998) found that non-drivers aged 75 and older are among those most at risk of social isolation and inadequate service availability that can follow from reduced mobility. It is suggested that beyond the constraints of physical and economic well being, it is housing density and community context that most influence mobility among the non-driving 75+ population. Shumway-Cook ( 2002) measured the influence of eight dimensions of the physical environment on mobility in older adults for those with and without mobility disabilities. They found that mobility among older adults was not necessarily associated with environmental factors, but that some specific factors do interfere with mobility 
With this background in mind, this study focuses on two key elements.  One is the medical conditions of older people and how this affects trip complexity.  The second is land use patterns as proxied by population density.  Our basis for comparison is the work of Noland and Thomas (in press) which evaluated trip complexity for the entire population also using the NHTS data.  The next section discusses the data and analysis methods.
Data and Summary Analysis
The data for this study comes from the U.S. Department of Transportation’s 2001 NHTS and the interim London Area Transport Survey (LATS) of 2001.  The NHTS contains data on roughly 642,000 trips made by over 65,000 households.  This was a detailed survey based on travel diary data as well as detailed demographic data for both individuals and households, as well as their residence location.
  The data was designed to be representative of the US population.  Our focus is on the subset of individuals who are aged 60 and over.  
We further focus on the trip-chaining dataset created from the 2001 data and made available in 2005.  The basis for this was a definition of a tour based upon the dwell time at a destination lasting at least 30 minutes.  When dwell times were less than this, trips were defined as a tour with multiple stops. This was further defined based on Home or Work anchor points, such that when the trip returned to the same anchor point and there was only one stop, then this was not defined as a chained tour. The 30 minute dwell time definition was adopted by the US Federal Highway Administration (FHWA) and based on both analysis and expert opinion that the 30 minute cut-off was a reasonable definition (McGuckin et al. 2005, and personal communication from Nancy McGuckin).  One of the benefits of this standardized definition is that it allows future analyses of these issues to be based on a similar definition.  Thus, our comparison with the analysis of Noland and Thomas (in press) is possible.  
The trip-chaining literature contains a multitude of definitions.  In order to define trip chaining, several terms describing travel activities need to be clarified. The most elemental unit of travel activity is the stop, also called sojourn, often defined as a place of activity remote from home (Kitamura, 1985; Adler & Ben-Akiva, 1979). The movement which carries an individual between his home and a stop or between temporally consecutive stops is called a trip (Lee, Chung & McNally, 2002; Rutherford, McCormack & Wilkinson, 1997; Kitamura, 1985; Adler and Ben-Akiva, 1979). A set of consecutive trips which begin and end at an individual’s home or work is called a tour (Rutherford et al, 1997; Adler and Ben-Akiva, 1979; Bowman & Ben-Akiva, 2000; McGuckin & Nakamoto, 2004; Strathman & Dueker, 1995; Kitamura, 1985; Maclver, 1999; McGuckin & Murakami, 1999). If a tour is composed of 2 or more stops, it is defined as a trip chain. There are however differences in the definition of stops, trips and tours, in particular whether the location of an activity is a trip anchor or a stop.  The multitude of definitions in the literature makes comparison difficult and interpretation confusing, thus, the standardized definition used here is useful and relatively simple to interpret.  
The analysis in this paper also uses the interim release of the London Area Travel Survey 2001 (LATS), made available by Transport for London (TfL). As well as collecting household data, the survey required each member of the household to complete a personal questionnaire, and a one-day interviewer-administered trip recall interview. In addition, respondents were invited to complete a self-completion trip diary for one day during the following week. 67,252 individuals from 29,973 households were interviewed. From the trip recall interview, 176,453 trips were recorded. 
From the LATS data set, we extracted records for all persons aged 60 or older. Of this sub-sample 8,540 persons made at least one trip on the day surveyed. A total of 21,090 tours with 27,671 trips were recorded. Unfortunately, this data set does not include trips made on weekends, so only data about trips on weekdays are available. Trip chains in the LATS data were defined to be consistent with the definition in the NHTS data. 
Table 1a shows the distribution of stops in the NHTS dataset.  This is for both the entire sample plus the sub-sample of those aged 60-74 and those aged 75 and over.  Older people appear to make more complex tours than younger people, with average stops being greater (0.449 and 0.441 vs 0.380).  As already noted, the multi-variate analysis in Noland and Thomas (in press) did not find this result, thus controlling for other effects is clearly needed to fully understand this effect.  The results also show that there is a difference between the “young-old” and the “old-old” populations with regard to trip complexity.  It is in particular the young-old who make more complex trips, although Table 1a suggests even the old-old make more complex trips than younger people. For comparison, Table 1b shows the distribution of stops in the London data.  Here we see that in general older people again have more average stops.  In all cases the averages are, however, less than in the US data.  
Table 2 shows the tours for different household residential densities in the NHTS. Noland and Thomas (in press) also report the results shown in Table 2c and discuss the impact of traveller’s neighbourhood characteristics on trip chaining. These results suggest that as population density increases trip chaining decreases and tours become shorter, and the reliance on the private car decreases, as shown by the column that shows the share of tour miles by alternative mode. In Table 2a all tours are tabulated whereas in Tables 2c and 2d only chained tours, as defined in the NHTS data, are selected. The results show a significant increase in the average mileage if one only considers chained tours (22.71miles compared to 13.27miles). These results are true for older as well as the total population. However, disaggregating the population by age (i.e. comparing Table 2b with 2a and Table 2d with 2c) yields some further insights: Firstly, older people rely significantly more on their private car and this is in particular true for chained tours (except in areas with a population density between 500-1000 persons per sq. mile).  Secondly, the average tour length of older people is shorter than the overall average. As tours of older people further tend to have more stops this further means that the average distance per tour link is shorter, although those older people in more densely populated areas seem to have longer tour links.  Older people also have longer average tour miles by personal vehicle, which may suggest that the use of alternative modes is more difficult for older people.
Table 3 shows the distribution of tours which have home as an anchor point. Interestingly the majority of tours with no stops have a non-home destination whereas most tours with one or more stops are circular tours where the traveler returns to his home. This suggests that most tours of older people are probably for recreational purposes or large shopping trips are not chained; or put another way they, tend to have an activity-duration longer than 30 minutes, whereas smaller non-work trips (which often mean stopping for less than 30 minutes) are not chained to other major activities. 
Table 4 tabulates age cohorts and whether there is a mobility-impairing medical condition.  Those with a medical condition typically make fewer work trips, which may simply be an association with the medical condition also preventing them from working.  The fraction of their trips that are “other” trips, on average, is greater, though the difference is small.  But this clearly shows that those with medical conditions which impair their mobility still engage in activities, even if they do not work.
The literature review further suggests that household structure has a significant impact on trip chaining.  Table 5 displays the breakdown of the number of stops made for some of the household categories of those 60 and over.  Differences appear to be minor.  Those not retired seem to make slightly more simple tours, compared to those who are retired.
Clearly these data have the potential to reveal many interesting insights.  The next stage of our analysis investigates this in more detailed using a multivariate analysis with an ordered probit model.  We first discuss the method used and then follow this with a discussion of the results.
Ordered Probit Model
Following from Noland and Thomas (in press) we use a multivariate model that examines the complexity of travel patterns and the association between age and medical condition and controlling for socioeconomic factors and neighbourhood characteristics.  
The modeling approach is to estimate the number of stops in a tour (including zero stops) as a function of the various independent variables.  As the stop data is a count, we specify an Ordered Probit model.  This allows for ordinal differences in the dependent variable but does not assume cardinality between preferences (i.e., that the difference between 1 stop and 2 stops is not necessarily equivalent to that between 3 and 4 stops).  The Ordered Probit model has the following general structure:
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where y* is a latent variable measuring the number of stops or tours in our models. As an example, cut points can be defined as follows:


[image: image2.wmf]ï

ï

ï

î

ï

ï

ï

í

ì

¥

£

£

£

£

£

£

¥

-

=

-

*

1

2

*

1

1

*

if

m

if

2

if

1

y

y

μ

y

y

m

m

m

m

M

M










(2)

The 
[image: image3.wmf]i

m

are unknown parameters to be estimated and β is the partial change in y* with respect to X which means that for a unit change in X, y* is expected to change by β units, holding all other variables constant. Maximum-likelihood estimation is used to estimate the coefficients (
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Results
We present four models in Table 6 estimated from the NHTS data.  Table 7 provides similar estimates based on the LATS data. These models differ in the treatment of several variables such as income and car ownership, as well as inherent differences between the two datasets, but our main focus is on the associations of medical conditions and age with trip complexity as well as the land use (population density) variables.  We discuss each group of variables as shown in Table 6 and 7.
All the models include a categorical variable for the age cohorts, relative to those aged 60-65.  These variables are interacted with a variable indicating that the respondent has a medical condition.  Results show that in the US, regardless of medical condition, trip complexity decreases with advancing age, especially after about age 70.  The trend is a bit more complex in the London data but generally trip complexity declines after age 85 but is a bit higher for those aged 65-74 relative to those aged 60-64, at least in some of our model estimates. The ‘old-old’ clearly have different behavior than the ‘young-old’.  One source of this could be their relative medical conditions. 

Model A (Table 6) contains a dummy variable for those indicating that their medical condition results in less travel, however this is not significant.  The equivalent model in Table 7 which contains a variable for having a travel-related disability is statistically significant but with a positive sign. Interaction with the age variables (in Model B for both Tables) shows quite a bit of variation in how medical conditions (or travel disabilities) affect trip complexity for each age cohort.  However, these results are inconclusive with some age cohorts being associated with more trip complexity when they are interacted with medical conditions and others showing the opposite effect.  For example, the 66-70 age group in the US data has less trip complexity when there is a medical condition, but the 81-84 age cohort shows that those with medical conditions have more complex trips.  In the London data, disability seems to increase trip complexity among the 60-69 age cohorts. In Model C (both Tables) we add an additional set of variables that measures the details of how the stated medical condition affects their travel (which is different due to the difference in definitions and questions in each survey).  Trip complexity is most negatively effected by those who must use Special Transport Services (e.g. paratransit) in the US data, which is not surprising. In the London data, those who were recorded as having difficulty understanding had the least complex trips, followed by those with walking difficulties.  
It was also expected that having a medical condition that requires giving up driving would have a negative effect on trip chaining, but this effect was found to be insignificant in the US data.  In the London data, (Model D) variables were included on whether it was possible for the respondent to use various modes of transport.  All are insignificant.
Demographic variables have often been found to be associated with trip chaining behavior.  We control for this with variables on gender and minority status (hispanic and race).  We find that males are less likely to make complex trips in both the US and London data.  This is similar to the result of Noland and Thomas (in press); however, while their model has a coefficient value of -0.09, ours, for the US data, is only about -0.05, for all the models.  This suggests that for older people, males may begin to engage more in the various activities that require more complex trips.  This is perhaps unsurprising when both are retired, but even for the older groups, women appear to engage in more complex trips, although the difference is less than when they were younger.  The coefficient value is about -0.10 in the London data, suggesting that in London men are even less likely to make complex trips than women.
Our control variable for hispanic finds that this group makes significantly fewer complex trips than non-hispanics.  Compared to the results from Noland and Thomas (in press), who estimated a coefficient of -0.033, our estimate of about -0.09 suggests that older hispanics engage in less complex trip making.  It is difficult to explain this result, but may be a case of cultural differences in the travel of relatively new immigrant groups.  There were no statistically significant differences for our control variable for race in the US data, but in the London data, non-minority (white) groups are associated with less complex trips, relative to minority (non-white) groups.  It is unclear why there is this difference between the two datasets, but minority populations in London may be more comparable to hispanic populations in the US, in that immigration is more recent.  One possibility is that they tend to live in the same neighborhoods and tend to use more local services that require less complexity in trip making.
Income effects are estimated both as a continuous variable (in the US data) and categorically (in the US and London data).  The continuous variable shows no statistically significant effect, unlike Noland and Thomas (in press) who found a positive and significant effect.  Our categorical analysis, however, shows that income groups between $5,000 and $15,000 per annum make less complex tours, relative to the lowest income group and the higher income groups.  We cannot explain the effect of those with incomes less than $5,000 per annum making more complex trips than the next highest income category.  Results are similarly inconsistent in the London data.  In general, there seems to be a trend of more complex trips as income increases, up to about £25-35,000, but this is not consistent.

We include a control variable for type of living accommodation.  Those living in a house have no statistically significantly different level of trip complexity than those living in other housing types. There were only a few (147) respondents stating they live in an “other” accommodation besides apartment or house.  There was no similar variable in the London data.
Household structure has typically been associated with trip chaining patterns.  We categorize the data based on five household categories and our estimates are relative to households with children.  We did not evaluate the age of the children living in the household, so these could range from children still in school to adult children.  Compared to other studies, we find that those older people living with children tend to have less complex trips; this could be because adult children take over some household responsibilities.  Retired Singles have the most complex trips followed by retired couples and single people who are not retired.  Clearly both retirement and living alone are associated with increased trip complexity; given forecasts of increasing retirement and increased single living, this is clearly an indicator that travel will become more complex in the future.  The London data showed that single parents with dependent children had significantly more complex trip chains; couples (married or cohabiting) also had more complex trips and those with children had more relative to those without.
The usage of public transport by individuals is also included in the US model.  We find that those who use public transport most frequently engage in less complex trips, which is not surprising.  

We also evaluate the association with vehicle ownership in the US data.  Model A includes a variable for whether the household owns a vehicle and this is clearly associated with more trip complexity.  Models B and C include a variable that is the ratio of vehicles to adults in the household; this is significant at the 90% level and positive, again showing that vehicle availability affects trip complexity.  In the London models, possession of a driving license is not statistically significant and also possession of a Freedom Pass (which allows free use of public transport after 9:00am or 9:30am for rail services) is also not significant.
The results on population density are similar to those derived in Noland and Thomas (in press).  Coefficient values are somewhat less, but in general we see that relative to the most sparsely populated areas (less than 100 persons per sq. mile) there is a general decrease in trip complexity.  Those living in the most densely populated areas, greater than 10,000 per square mile have substantially less complex trips than those in the low to medium density ranges.  This result holds in the London data where our variable is based on residency in Inner versus Outer London. Thus, we see that, all else equal, trip complexity is higher as population density is lower.  Less dense areas may need more trip chaining while denser areas increase the possibility to trip chain but also decrease the need to engage in complex trips, due to shorter distances. These results suggest that those older people living in less densely populated areas, while making more complex trips, may face difficulties making them as they age further or develop medical conditions.  Interaction of these variables with our medical condition variables, in Model D (for the US data), does not provide any clear pattern.
  In the areas with the densest population, there is a reduction in trip complexity associated with medical conditions, but this pattern also occurs at some of the medium densities.  The most rural densities and their interaction with the medical conditions are associated with more complex tours; perhaps reflecting the difficulty of accessing medical services in rural areas.  Interacting the Inner and Outer London variables with the equivalent travel disability variable in the LATS data shows that those in Outer London are associated with more complex tours, relative to Inner London residents, but also that those with disabilities in Outer London are associated with the most complex tours (Table 7, model E).
The importance of tour specific variables is also similar to those estimated in Noland and Thomas (in press). Mode used in the tour shows that those not driving a car tend to have more complex trips (i.e., those who are passengers or who use public transport).  This is not surprising as this likely merely represents the change of modes associated with these tours.   In the London data, those who drive or are car passengers tend to have the most complex trips, though they are a bit less complex if mixed with a public transport mode.  These effects are important to control for as we previously found that public transport users are less likely to make complex trips, in the US data.  The type of tour also follows a similar pattern to what was found in Noland and Thomas (in press).  Home-to-Home tours are generally more complex than other tours; again, this is not surprising and is partly due to the definition of a stop in the NHTS data being more than 30 minutes.  Tours with an “other” anchor will tend to have longer dwell times that exceed 30 minutes.  
We include a variable that controls for the day of the week on which the tour is taken.  The most complex trips of older people occur on Mondays in both datasets.  The complexity decreases throughout the week with the value of the coefficient dropping by about one-half for Saturday and another three-fold on Sunday (London data only included weekdays).  The comparison with the whole sample is interesting, as in Noland and Thomas’ (in press) analysis, Saturday tours were the most complex and while the tour complexity diminished through the week, it increased on Friday (but decreased in the London data).  Sunday also had trips of the lowest complexity.  This could indicate that older people avoid various trips (such as shopping trips) on Saturdays when these activities are more congested, making up for this on Mondays, when others are working.  This latter effect may also occur in London, although we cannot say for certain without having data on weekend trips.
Average link speed is found not to be statistically significant, whereas in the previous study by Noland and Thomas (in press), it was.  Therefore, this implies that while for the whole NHTS sample, as speeds increase, trip complexity increases, for the cohort of older people, speed has no effect.  This could imply that congestion has less effect on older people’s activities, either because they make trips when congestion is low, or their value of time is low and congestion matters less.  In the London data it is also not significant despite greater levels of congestion in in London versus the US as a whole.

Finally, Noland and Thomas report that tours made after September 11th tend to be more complex whereas the models for older people do not confirm this effect. It might be that this is because younger people tend to do more long distance trips which were more affected post-September 11th.
Conclusions

This study has provided us with new insights into the difference between the travel of older people compared to younger people.  Our focus has been on trip complexity, as measured by the number of stops within a tour, and in particular on medical conditions and how urban form effects tour complexity.  Our finding on the effects of medical conditions is inconclusive.  We find that those who require Special Transport Services are those who make the least complex trips. Interactions with age cohorts suggest less complexity for those with disabilities.  Age, of itself, is found to lead to less complexity showing differences in behavior between the ‘young-old’ and the ‘old-old’ independent of how medical conditions are reported to affect their mobility. Urban form, as proxied by population density (or for London based on Inner and Outer boroughs), shows a pattern similar to that found by Noland and Thomas (in press).  Tour complexity drops off substantially for those living in those areas with the highest population density in excess of 10,000 persons per square mile.  All else equal, those who use public transport also engage in less complex tours and vehicle ownership is particularly linked to tour complexity.  Our control for day of the week revealed an interesting pattern in that Mondays tended to have the most complex tours for older people (compared to Saturdays for the US sample).

Our comparison of US and London data shows many similarities in the behavior of older people, despite the major differences in the characteristics of a sample representing the entire US versus a sample for London, which is a densely populated urbanized region.   While there are some minor differences in the results, the overall effect of age and disability on reducing trip complexity is similar.  Likewise the effect of urban form, as represented by Inner and Outer London residential locations has a similar effect, whereby those in Outer London have more complex tours. This confirms our hypothesis that the spatial location of where a household lives has an impact on the complexity of the tours they make.
These results, while preliminary, are quite informative for future policy.  First, dispersed population, typical of suburban as well as rural areas, appears to increase trip complexity.  Clearly, if these areas are car-dependent, this can lead to increased accessibility difficulties for older people should they lose the ability to drive.  Despite this, we found no clear pattern of reduced complexity due to medical conditions that affect driving.  Not surprisingly, those dependent on Special Transport Services make less complex trips and these would likely be those with the most severe mobility impairments.
Some of our results suggest that the older population avoids congestion at activity locations, like shops, for example by avoiding complex tours on Saturdays.  We also find some evidence that older people are less affected by traffic congestion, such as the lack of significance of average link speeds in affecting their tour complexity.  These issues clearly need more analysis, especially if future cohorts of older people care less about waiting in congestion.  Trip complexity in itself is often seen as a behavioral response to mitigate congestion by increasing the efficiency of trip making.  However, all else equal, we might expect more complex trips to require better planning of activities, which has various cognitive costs associated with it, which might be more difficult with age.  These issues deserve further research to develop our understanding of these issues.
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Table 1a
Distribution of number of stops for different age groups, NHTS data
	 
	all
	
	60-74
	
	75+

	Number 
of stops
	Total Cases
	Share of 
Total 
	
	Total Cases
	Share of 
Total 
	
	Total Cases
	Share of 
Total 

	0
	313,588
	72.5
	
	37789
	68.9
	
	11089
	68.9

	1
	89,932
	20.8
	
	12329
	22.5
	
	3704
	23.0

	2
	19,553
	4.5
	
	2950
	5.4
	
	838
	5.2

	3
	6,274
	1.5
	
	1074
	2.0
	
	290
	1.8

	4
	2,054
	0.5
	
	389
	0.7
	
	92
	0.6

	5
	853
	0.2
	
	171
	0.3
	
	45
	0.3

	6
	294
	0.1
	
	68
	0.1
	
	20
	0.1

	7
	154
	<0.1
	
	25
	0.0
	
	6
	0.0

	8
	48
	<0.1
	
	15
	0.0
	
	2
	0.0

	9
	28
	<0.1
	
	6
	0.0
	
	2
	0.0

	10
	15
	<0.1
	
	2
	0.0
	
	1
	0.0

	11
	11
	<0.1
	
	2
	0.0
	
	2
	0.0

	12
	5
	<0.1
	
	2
	0.0
	
	1
	0.0

	13
	5
	<0.1
	
	1
	0.0
	
	1
	0.0

	14
	1
	<0.1
	
	0
	0.0
	
	0
	0.0

	15
	1
	<0.1
	
	0
	0.0
	
	0
	0.0

	17
	1
	<0.1
	
	0
	0.0
	
	0
	0.0

	23
	1
	<0.1
	
	0
	0.0
	
	0
	0.0

	 
	
	 
	
	 

	Total Tours
	432,818
	
	54823
	
	16093

	 
	
	 
	
	 

	Average Stops:
	0.380
	
	0.451
	
	0.441


Table 1b

Distribution of number of stops for different age groups, LATS data
	 
	All
	60-74
	75+

	Number of stops
	Total cases
	Share of total
	Total cases
	Share of total
	Total cases
	Share of total

	0
	113317
	80.61%
	11998
	76.88%
	4232
	77.17%

	1
	20974
	14.92%
	2655
	17.01%
	936
	17.07%

	2
	4691
	3.34%
	704
	4.51%
	248
	4.52%

	3
	1142
	0.81%
	178
	1.14%
	52
	0.95%

	4
	303
	0.22%
	46
	0.29%
	13
	0.24%

	5
	101
	0.07%
	17
	0.11%
	1
	0.02%

	6
	36
	0.03%
	4
	0.03%
	1
	0.02%

	7
	8
	0.01%
	1
	0.01%
	0
	0.00%

	8
	8
	0.01%
	2
	0.01%
	1
	0.02%

	9
	1
	0.00%
	1
	0.01%
	0
	0.00%

	10
	2
	0.00%
	0
	0.00%
	0
	0.00%

	Total tours
	140583
	15606
	5484

	Average stops
	0.26 
	0.32
	0.30


Table 2 Trip characteristics for different residential population densities
a) All tours (including chained tours)

[image: image6.emf]Population Per Square Mile in the 

Traveler’s Home Census Tract

Number of 

Observatio

ns

Average 

Total Miles 

Per Tour

Average 

Distance per 

Tour Link

Average Trips 

Per Tour

Average Tour 

Miles in 

Personal 

Vehicles

Average Tour 

Miles by 

Alternative 

Mode

Share of Tour 

miles by 

Alternative 

Mode

Less than 100 per sq. mile  73036

17.14

13.25 1.40

16.08

1.06 6.2

100 – 500 per sq. mile 81325

14.77

11.73 1.38

13.25

1.52 10.3

500 – 1000 per sq. mile 40714

13.96

11.08 1.39

12.28

1.68 12.0

1000 – 2000 per sq. mile 54632

12.89

10.21 1.38

11.20

1.69 13.1

2000 – 4000 per sq. mile 78177

11.73

9.21 1.38

10.56

1.18 10.0

4000 – 10,000 per sq. mile 73760

10.81

8.51 1.38

9.48

1.33 12.3

10,000 to 25,000 per sq. mile 20252

9.83

7.92 1.33

7.62

2.21 22.5

25,000 or more per sq. mile 10922

9.45

7.74 1.32

4.43

5.02 53.1


b) All tours (including chained tours) made by those aged 60 or over

[image: image7.emf]Population Per Square Mile in the 
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Number of 

Observatio

ns

Average 

Total Miles 

Per Tour

Average 

Distance per 

Tour Link

Average Trips 

Per Tour

Average Tour 

Miles in 

Personal 

Vehicles

Average Tour 

Miles by 

Alternative 

Mode

Share of Tour 

miles by 

Alternative 

Mode

Less than 100 per sq. mile  12698

17.23

13.03 1.47

16.96

0.27 1.6

100 – 500 per sq. mile

13047 14.56 11.27 1.45

13.14

1.42 9.7

500 – 1000 per sq. mile

6752 13.93 10.65 1.45

12.04

1.89 13.6

1000 – 2000 per sq. mile

9585 12.33 9.24 1.44

11.34

0.99 8.0

2000 – 4000 per sq. mile

14419 11.15 8.36 1.45

10.66

0.50 4.5

4000 – 10,000 per sq. mile

12392 10.29 7.98 1.44

8.94

1.35 13.1

10,000 to 25,000 per sq. mile

3130 8.05 6.46 1.39

6.59

1.46 18.1

25,000 or more per sq. mile

1534 8.08 6.51 1.38

5.12

2.96 36.6


c) Chained tours only 
[image: image8.emf]Population Per Square Mile in the 

Traveler’s Home Census Tract

Number of 

Observatio

ns

Average 

Total Miles 

Per Tour

Average 

Distance per 

Tour Link

Average Trips 

Per Tour

Average Tour 

Miles in 

Personal 

Vehicles

Average Tour 

Miles by 

Alternative 

Mode

Share of Tour 

miles by 

Alternative 

Mode

Less than 100 per sq. mile  14266

30.00

12.30 2.60

27.5

2.5 8.3

100 – 500 per sq. mile 15158

23.90

9.80 2.57

21.9

2.0 8.4

500 – 1000 per sq. mile 7697

22.50

9.20 2.58

20.3

2.2 9.8

1000 – 2000 per sq. mile 10097

21.50

8.80 2.55

19.0

2.5 11.6

2000 – 4000 per sq. mile 14504

20.40

8.40 2.55

17.8

2.6 12.7

4000 – 10,000 per sq. mile 13321

18.80

7.70 2.55

16.3

2.5 13.3

10,000 to 25,000 per sq. mile 3209

17.90

7.20 2.52

13.6

4.3 24.0

25,000 or more per sq. mile 1659

18.70

8.40 2.51

10.2

8.5 45.5


d) Chained tours only made by those aged 60 or over
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Number of 
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Average 

Total Miles 

Per Tour

Average 

Distance per 

Tour Link

Average Trips 

Per Tour

Average Tour 

Miles in 

Personal 

Vehicles

Average Tour 

Miles by 

Alternative 

Mode

Share of Tour 

miles by 

Alternative 

Mode

Less than 100 per sq. mile 2614

28.61

11.20 2.76

28.0

0.6 2.2

100 – 500 per sq. mile 2617

22.73

8.89 2.71

21.1

1.7 7.3

500 – 1000 per sq. mile 1314

24.84

10.14 2.78

19.1

5.8 23.2

1000 – 2000 per sq. mile 1917

21.90

8.47 2.63

19.9

2.0 9.2

2000 – 4000 per sq. mile 2898

20.12

7.89 2.66

19.2

0.9 4.7

4000 – 10,000 per sq. mile 2413

16.52

6.24 2.67

15.7

0.9 5.2

10,000 to 25,000 per sq. mile 535

12.96

5.25 2.59

11.2

1.8 13.8

25,000 or more per sq. mile

253

15.14

6.88 2.60

13.2

1.9 12.8


Table 3

Numbers of stops for trips starting at home for those aged 60 or over
	 
	Trip Endpoint

	Number of Stops
	Home
	 
	Other
	 
	Work
	 

	0
	88
	0.80%
	19164
	82.94%
	2968
	88.94%

	1
	8038
	73.33%
	2744
	11.88%
	299
	8.96%

	2
	1662
	15.16%
	791
	3.42%
	50
	1.50%

	3
	696
	6.35%
	255
	1.10%
	12
	0.36%

	4
	251
	2.29%
	87
	0.38%
	6
	0.18%

	5
	132
	1.20%
	41
	0.18%
	2
	0.06%

	6+
	94
	0.86%
	24
	0.10%
	0
	0.00%

	Total
	10961
	 
	23106
	 
	3337
	 

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table 4

Tour destination purpose by age and medical condition

	
	
	Tour destination purpose

	Age
	Has a medical cond
	other
	work 
	home 

	0- 60
	no
	0.39
	0.14
	0.46

	
	yes
	0.42
	0.08
	0.50

	 

	60 - 65
	no
	0.41
	0.11
	0.48

	
	yes
	0.46
	0.05
	0.50

	 

	66 - 70
	no
	0.44
	0.05
	0.51

	
	yes
	0.47
	0.02
	0.51

	 

	71 - 75
	no
	0.45
	0.03
	0.52

	
	yes
	0.48
	0.01
	0.51

	 

	76 - 80
	no
	0.46
	0.02
	0.52

	
	yes
	0.47
	0.01
	0.52

	 

	81 - 85
	no
	0.47
	0.01
	0.52

	
	yes
	0.49
	0.00
	0.51

	 

	85+
	no
	0.47
	0.01
	0.52

	
	yes
	0.50
	0.00
	0.50


Table 5
Household structure and number of stops

	 
	Number of Stops

	Household Structure
	0
	1
	2
	3
	4
	5
	6+

	Not retired Single, No children
	72%
	20%
	5%
	2%
	1%
	0%
	0%

	Not retired 2+Adults, No children
	72%
	20%
	5%
	1%
	0%
	0%
	0%

	With Children
	70%
	23%
	5%
	1%
	0%
	0%
	0%

	Retired Single (No children)
	67%
	24%
	5%
	2%
	1%
	0%
	0%

	Retired 2+ Adults (No children)
	68%
	23%
	6%
	2%
	1%
	0%
	0%


Table 6 – Ordered Probit models with NHTS data
	
	Model A
	Model B
	Model C
	Model D

	 
	Coeff
	z-stat
	Coeff
	z-stat
	Coeff
	z-stat
	Coeff
	z-stat

	Age and Medical Condition
	 
	 
	 
	 
	 
	 
	 
	 

	Age 60-65 healthy (Reference)
	 
	 
	 
	 
	 
	 
	 
	 

	Age 60-65 with medical condition
	
	
	0.073
	2.30
	0.093
	2.68
	
	

	Age 66-70 healthy
	-0.011
	-0.81
	0.003
	0.20
	0.003
	0.19
	-0.010
	-0.75

	Age 66-70 with medical condition
	
	
	-0.083
	-2.18
	-0.064
	-1.60
	
	

	Age 71-75 healthy
	-0.027
	-1.86
	-0.017
	-1.10
	-0.017
	-1.11
	-0.023
	-1.61

	Age 71-75 with medical condition
	
	
	-0.024
	-0.66
	0.001
	0.03
	
	

	Age 76-80 healthy
	-0.042
	-2.54
	-0.030
	-1.69
	-0.031
	-1.72
	-0.038
	-2.26

	Age 76-80 with medical condition
	
	
	-0.050
	-1.34
	-0.025
	-0.61
	
	

	Age 81-84 healthy
	-0.062
	-2.6
	-0.054
	-2.06
	-0.054
	-2.08
	-0.055
	-2.32

	Age 81-84 with medical condition
	
	
	-0.047
	-0.92
	-0.007
	-0.12
	
	

	Age 85+ healthy
	-0.085
	-2.79
	-0.068
	-1.97
	-0.069
	-1.99
	-0.084
	-2.72

	Age 85+ with medical condition
	
	
	-0.144
	-2.36
	-0.091
	-1.39
	
	

	Has a medical condition resulting in less travel
	-0.003
	-0.17
	 
	 
	 
	 
	 
	 

	Medical condition requires giving up driving
	 
	 
	 
	 
	-0.031
	-0.69
	-0.028
	-0.63

	Medical condition limits use of PT
	 
	 
	 
	 
	0.060
	1.28
	0.090
	1.86

	Medical condition results in asking for rides
	 
	 
	 
	 
	-0.043
	-1.29
	-0.041
	-1.29

	Medical condition requires use of Special Transport Services
	 
	 
	 
	 
	-0.161
	-2.44
	-0.161
	-2.45

	Demographic Variables
	 
	 
	 
	 
	 
	 
	 
	 

	Gender: Male
	-0.052
	-5.09
	-0.053
	-5.17
	-0.054
	-5.25
	-0.054
	-5.27

	Race: Hispanic
	-0.092
	-2.68
	-0.087
	-2.53
	-0.087
	-2.53
	-0.087
	-2.51

	Race: White
	-0.020
	-1.12
	-0.018
	-0.99
	-0.019
	-1.06
	-0.019
	-1.08

	Income US$(continuous)
	0.000
	0.73
	 
	 
	 
	 
	 
	 

	Income (US$) less than 5k (reference case)
	 
	 
	 
	 
	 
	 
	 
	 

	Income $5-10k 
	
	
	-0.101
	-3.66
	-0.101
	-3.65
	-0.101
	-3.66

	Income $10-15k
	
	
	-0.041
	-1.74
	-0.042
	-1.76
	-0.043
	-1.79

	Income $15-20k
	
	
	-0.012
	-0.56
	-0.012
	-0.56
	-0.013
	-0.63

	Income $20-30k
	
	
	0.012
	0.62
	0.012
	0.61
	0.011
	0.60

	Income $30-40k
	
	
	0.022
	1.13
	0.022
	1.11
	0.022
	1.10

	Income $40-50k
	
	
	0.012
	0.64
	0.011
	0.60
	0.011
	0.56

	Income $50-60k
	
	
	0.013
	0.63
	0.013
	0.61
	0.012
	0.55

	Income $60-80k
	
	
	0.011
	0.53
	0.010
	0.50
	0.009
	0.43

	Income over $80k
	
	
	0.001
	0.05
	0.001
	0.04
	-0.001
	-0.05

	Dummy variable for lives in a house
	-0.015
	-1.02
	-0.013
	-0.91
	-0.014
	-0.99
	-0.013
	-0.92

	Household Structure
	 
	 
	 
	 
	 
	 
	 
	 

	Household with Children (Ref.) 
	
	
	 
	 
	 
	 
	 
	 

	Not ret. Single 
	0.061
	1.97
	0.055
	1.69
	0.053
	1.65
	0.052
	1.62

	Not ret., household with 2+ adults,
	0.039
	1.47
	0.038
	1.41
	0.036
	1.34
	0.035
	1.29

	Retired Single
	0.122
	4.72
	0.116
	4.42
	0.115
	4.38
	0.116
	4.41

	Retired, household with 2+ adults
	0.058
	2.44
	0.057
	2.31
	0.055
	2.23
	0.054
	2.22

	Transport Usage Variables
	 
	 
	 
	 
	 
	 
	 
	 

	No public transport use in last 2 months (Reference) 
	
	
	
	
	
	
	
	

	PT use about once a month
	0.068
	3.44
	0.066
	3.33
	0.066
	3.30
	-0.125
	-3.82

	PT use once a week
	0.015
	0.44
	-0.004
	-0.1
	-0.003
	-0.08
	-0.003
	-0.09

	PT use is frequent
	-0.074
	-2.22
	-0.128
	-3.91
	-0.124
	-3.80
	0.065
	3.23

	Household owns a vehicle
	0.248
	7.53
	 
	 
	 
	 
	 
	 

	Ratio of vehicles / adults
	 
	 
	0.019
	1.84
	0.018
	1.7
	0.018
	1.73

	Land use: population density
	 
	 
	 
	 
	 
	 
	 
	 

	Less than 100 per sq. mile, no medical condition (reference case)
	 
	 
	 
	 
	 
	 
	 
	 

	 - with medical condition
	
	
	
	
	
	
	0.095
	2.20

	100 – 500 per sq. mile
	-0.035
	-2.1
	-0.034
	-2.05
	-0.035
	-2.08
	-0.031
	-1.81

	 - with medical condition
	
	
	
	
	
	
	
	

	500 – 1000 per sq. mile
	-0.049
	-2.41
	-0.048
	-2.38
	-0.048
	-2.39
	-0.050
	-2.40

	 - with medical condition
	
	
	
	
	
	
	0.049
	0.88

	1000 – 2000 per sq. mile
	-0.051
	-2.8
	-0.050
	-2.76
	-0.051
	-2.78
	-0.040
	-2.15

	 - with medical condition
	
	
	
	
	
	
	-0.075
	-1.53

	2000 – 4000 per sq. mile
	-0.049
	-3.02
	-0.048
	-2.9
	-0.049
	-2.95
	-0.040
	-2.37

	 - with medical condition
	
	
	
	
	
	
	-0.050
	-1.30

	4000 – 10,000 per sq. mile
	-0.071
	-4.14
	-0.071
	-4.1
	-0.072
	-4.16
	-0.060
	-3.38

	 - with medical condition
	
	
	
	
	
	
	-0.092
	-2.25

	10,000 to 25,000 per sq. mile
	-0.136
	-4.76
	-0.148
	-5.15
	-0.149
	-5.19
	-0.141
	-4.62

	 - with medical condition
	
	
	
	
	
	
	-0.144
	-2.04

	25,000 or more per sq. mile
	-0.133
	-3.2
	-0.168
	-4.06
	-0.172
	-4.15
	-0.148
	-3.34

	 - with medical condition
	
	
	
	
	
	
	-0.256
	-2.62

	Tour specific variables
	 
	 
	 
	 
	 
	 
	 
	 

	Modes used in tour (reference case: car only) 
	 
	 
	 
	 
	 
	 

	   Car and transit
	-0.330
	-0.74
	-0.236
	-0.53
	-0.239
	-0.53
	-0.254
	-0.57

	   Car and walk
	-0.634
	-0.65
	-0.045
	-0.46
	-0.473
	-0.49
	-0.045
	-0.46

	   Transit and walk
	1.961
	16.22
	1.886
	15.66
	1.892
	15.70
	1.895
	15.73

	   Car passenger and walk
	1.715
	19.94
	1.701
	19.79
	1.703
	19.80
	1.701
	19.77

	   Car passenger and transit
	1.465
	4.60
	1.409
	4.42
	1.411
	4.43
	1.421
	4.46

	Type of tour (reference case: Home to Home tour)  
	 
	 
	 
	 
	 
	 

	   Home to Other tour
	-1.792
	-125.5
	-1.793
	-125.5
	-1.792
	-125.4
	-1.793
	-125.47

	   Other to Home tour
	-1.612
	-115.7
	-1.612
	-115.7
	-1.612
	-115.6
	-1.613
	-115.67

	   Other to Other tour
	-1.609
	-91.85
	-1.610
	-91.84
	-1.610
	-91.82
	-1.610
	-91.84

	Day of week of tour (reference case: Monday)
	 
	 
	 
	 
	 
	 

	   Tuesday
	-0.043
	-2.38
	-0.044
	-2.42
	-0.045
	-2.45
	-0.045
	-2.46

	   Wednesday
	-0.030
	-1.71
	-0.032
	-1.81
	-0.032
	-1.81
	-0.032
	-1.78

	   Thursday
	-0.061
	-3.32
	-0.061
	-3.32
	-0.061
	-3.32
	-0.061
	-3.32

	   Friday
	-0.053
	-2.93
	-0.053
	-2.94
	-0.053
	-2.94
	-0.054
	-2.99

	   Saturday
	-0.100
	-5.25
	-0.100
	-5.29
	-0.100
	-5.28
	-0.100
	-5.25

	   Sunday
	-0.303
	-15.4
	-0.305
	-15.48
	-0.305
	-15.48
	-0.305
	-15.47

	Average link speed
	8.8E-05
	0.95
	9.7E-05
	1.05
	9.6E-05
	1.04
	9.2E-05
	1.00

	Tour before Sept 11, 2001
	0.005
	0.44
	0.003
	0.31
	0.003
	0.29
	0.004
	0.34

	
	 
	 
	 
	 
	 
	 
	 
	 

	μ1 
	-0.762
	 
	-0.977
	 
	-0.984
	 
	 
	-0.984

	μ2 
	0.413
	 
	0.197
	 
	0.190
	 
	 
	0.190

	μ3 
	0.982
	 
	0.767
	 
	0.760
	 
	 
	0.760

	μ4 
	1.439
	 
	1.224
	 
	1.217
	 
	 
	1.217

	μ5 
	1.789
	 
	1.573
	 
	1.566
	 
	 
	1.566

	μ6
	2.131
	 
	1.915
	 
	1.908
	 
	 
	1.908

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of observations
	72151
	 
	72076
	 
	72076
	 
	 
	72076

	Log likelihood (intercept only)
	-64220
	 
	-64173
	 
	-64173
	 
	 
	-64173

	Log likelihood (final)
	-53005
	 
	-52977
	 
	-52971
	 
	 
	-52972

	Mc Fadden Adjusted r2
	0.174
	 
	0.174
	 
	0.174
	 
	 
	0.174


Table 7 – Ordered Probit models with LATS data

	 
	Model A
	Model B
	Model C
	Model D
	Model E

	 
	Coeff
	z-stat
	Coeff
	z-stat
	Coeff
	z-stat
	Coeff
	z-stat
	Coeff
	z-stat

	Age and Medical Condition
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Age 60-64 healthy (reference)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Age 60-64 with travel disability
	
	
	0.205 
	3.665 
	0.305 
	4.211 
	0.229 
	4.017 
	
	

	Age 65-69 healthy
	0.054 
	1.653 
	0.067 
	1.910 
	0.068 
	1.941 
	0.069 
	1.980 
	0.056 
	1.717 

	Age 65-69 with travel disability
	
	
	0.189 
	3.118 
	0.303 
	3.759 
	0.217 
	3.529 
	
	

	Age 70-74 healthy
	0.062 
	1.709 
	0.091 
	2.339 
	0.092 
	2.373 
	0.095 
	2.423 
	0.064 
	1.766 

	Age 70-74 with travel disability
	
	
	0.107 
	1.746 
	0.222 
	2.775 
	0.137 
	2.189 
	
	

	Age 75-79 healthy
	-0.014 
	-0.354 
	0.012 
	0.278 
	0.014 
	0.309 
	0.017 
	0.370 
	-0.012 
	-0.297 

	Age 75-79 with travel disability
	
	
	0.056 
	0.895 
	0.180 
	2.188 
	0.099 
	1.547 
	
	

	Age 80-84 healthy
	0.011 
	0.226 
	0.067 
	1.244 
	0.068 
	1.264 
	0.072 
	1.327 
	0.014 
	0.302 

	Age 80-84 with travel disability
	
	
	0.015 
	0.203 
	0.144 
	1.596 
	0.076 
	0.990 
	
	

	Age 85+ healthy
	-0.126 
	-1.929 
	-0.073 
	-0.903 
	-0.072 
	-0.891 
	-0.067 
	-0.830 
	-0.123 
	-1.889 

	Age 85+ with travel disability
	
	
	-0.087 
	-0.930 
	0.069 
	0.616 
	-0.016 
	-0.166 
	
	

	Has travel disability
	0.078 
	2.847 
	 
	 
	 
	 
	 
	 
	 
	 

	with walking difficulty
	 
	 
	 
	 
	-0.110 
	-1.810 
	 
	 
	 
	 

	with hearing difficulty
	 
	 
	 
	 
	-0.079 
	-0.985 
	 
	 
	 
	 

	with seeing difficulty
	 
	 
	 
	 
	-0.064 
	-0.787 
	 
	 
	 
	 

	with understanding difficulty
	 
	 
	 
	 
	-0.342 
	-1.910 
	 
	 
	 
	 

	with need for wheelchair
	 
	 
	 
	 
	-0.118 
	-1.343 
	 
	 
	 
	 

	impossible to use accessible bus
	 
	 
	 
	 
	 
	 
	-0.023 
	-0.167 
	 
	 

	impossible to use bus
	 
	 
	 
	 
	 
	 
	0.171 
	1.329 
	 
	 

	impossible to use under-ground
	 
	 
	 
	 
	 
	 
	-0.117 
	-1.253 
	 
	 

	impossible to use national rail
	 
	 
	 
	 
	 
	 
	-0.101 
	-0.860 
	 
	 

	impossible to use taxi
	 
	 
	 
	 
	 
	 
	-0.031 
	-0.189 
	 
	 

	impossible to drive a car
	 
	 
	 
	 
	 
	 
	-0.083 
	-0.992 
	 
	 

	impossible to be a car passenger
	 
	 
	 
	 
	 
	 
	0.068 
	0.395 
	 
	 

	impossible to walk
	 
	 
	 
	 
	 
	 
	-0.088 
	-0.855 
	 
	 

	Demographic variables
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Gender: male
	-0.100 
	-4.095 
	-0.096 
	-4.041 
	-0.098 
	-4.115 
	-0.104 
	-4.225 
	-0.100 
	-4.093 

	Race: white
	0.229 
	5.980 
	0.234 
	6.094 
	0.232 
	6.047 
	0.233 
	6.060 
	0.232 
	6.044 

	Income less than £5k(reference)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Income £5-10k 
	0.043 
	1.084 
	0.047 
	1.170 
	0.047 
	1.173 
	0.048 
	1.213 
	0.046 
	1.151 

	Income £10-15k
	0.116 
	2.656 
	0.120 
	2.734 
	0.121 
	2.761 
	0.121 
	2.765 
	0.117 
	2.672 

	Income £15-20k
	0.130 
	2.655 
	0.137 
	2.807 
	0.137 
	2.806 
	0.140 
	2.851 
	0.133 
	2.709 

	Income £20-25k
	0.014 
	0.253 
	0.022 
	0.392 
	0.021 
	0.385 
	0.021 
	0.384 
	0.017 
	0.307 

	Income £25-35k
	0.107 
	1.958 
	0.116 
	2.120 
	0.117 
	2.130 
	0.115 
	2.091 
	0.109 
	1.986 

	Income £35-50k
	-0.015 
	-0.242 
	-0.006 
	-0.103 
	-0.007 
	-0.105 
	-0.006 
	-0.093 
	-0.012 
	-0.197 

	Income £50-75k
	0.105 
	1.419 
	0.113 
	1.532 
	0.113 
	1.534 
	0.111 
	1.496 
	0.109 
	1.473 

	Income over £75k
	-0.103 
	-1.127 
	-0.087 
	-0.961 
	-0.087 
	-0.955 
	-0.087 
	-0.952 
	-0.094 
	-1.030 

	do not know
	0.034 
	0.678 
	0.039 
	0.776 
	0.041 
	0.808 
	0.041 
	0.806 
	0.037 
	0.738 

	refused
	0.023 
	0.549 
	0.029 
	0.691 
	0.030 
	0.698 
	0.029 
	0.689 
	0.025 
	0.580 

	possession of driving licence
	0.029 
	0.910 
	 
	 
	 
	 
	0.025 
	0.779 
	0.030 
	0.947 

	possession of freedom pass
	-0.017 
	-0.606 
	-0.021 
	-0.766 
	-0.024 
	-0.861 
	-0.027 
	-0.965 
	-0.018 
	-0.659 

	House-hold Structure(reference:single person-pensioner)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Single person - other
	0.038 
	0.510 
	0.023 
	0.306 
	0.023 
	0.309 
	0.023 
	0.312 
	0.035 
	0.471 

	Single parent: dependent children
	0.297 
	2.414 
	0.294 
	2.393 
	0.291 
	2.363 
	0.299 
	2.430 
	0.298 
	2.424 

	All pensioner household
	0.021 
	0.712 
	0.015 
	0.515 
	0.016 
	0.539 
	0.018 
	0.622 
	0.020 
	0.674 

	Married/cohabiting: no children
	0.069 
	1.770 
	0.065 
	1.683 
	0.067 
	1.723 
	0.069 
	1.772 
	0.069 
	1.758 

	Married/cohabiting: dependent children
	0.144 
	1.843 
	0.128 
	1.650 
	0.127 
	1.635 
	0.138 
	1.769 
	0.144 
	1.841 

	All other households
	-0.091 
	-1.746 
	-0.102 
	-1.963 
	-0.100 
	-1.924 
	-0.097 
	-1.846 
	-0.092 
	-1.756 

	Household owns a vehicle
	-0.030 
	-0.882 
	-0.016 
	-0.518 
	-0.018 
	-0.599 
	-0.033 
	-0.940 
	-0.031 
	-0.888 

	Household located within inner London no disability
	-0.060 
	-2.315 
	-0.061 
	-2.376 
	-0.059 
	-2.301 
	-0.063 
	-2.447 
	 
	 

	inner London with disability
	
	
	
	
	
	
	
	
	0.174 
	3.553 

	outer London no disability
	 
	 
	 
	 
	 
	 
	 
	 
	0.089 
	3.103 

	outer London with disability
	
	
	
	
	
	
	
	
	0.127 
	3.265 

	Tour specific variables
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Modes used in tour(reference: car drive only)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	car passenger only
	-0.364 
	-8.922 
	-0.372 
	-9.329 
	-0.368 
	-9.217 
	-0.358 
	-8.746 
	-0.362 
	-8.853 

	transit and walk
	-0.007 
	-0.227 
	-0.014 
	-0.484 
	-0.016 
	-0.544 
	-0.008 
	-0.274 
	-0.005 
	-0.170 

	car passenger and walk
	1.753 
	18.484 
	1.742 
	18.504 
	1.748 
	18.552 
	1.758 
	18.513 
	1.756 
	18.511 

	Car passenger and transit
	1.409 
	6.020 
	1.399 
	5.984 
	1.393 
	5.961 
	1.410 
	6.021 
	1.408 
	6.016 

	car drive and walk
	2.149 
	30.611 
	2.152 
	30.657 
	2.150 
	30.625 
	2.150 
	30.623 
	2.150 
	30.627 

	car drive and transit
	1.781 
	8.692 
	1.794 
	8.753 
	1.793 
	8.746 
	1.801 
	8.788 
	1.783 
	8.704 

	other
	0.711 
	11.905 
	0.711 
	11.931 
	0.711 
	11.926 
	0.721 
	12.036 
	0.712 
	11.923 

	Tour type(reference:home-home)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	other-other
	-2.119 
	-69.207 
	-1.679 
	-40.521 
	-1.681 
	-40.569 
	-1.681 
	-40.557 
	-1.679 
	-40.541 

	other-home
	-2.144 
	-69.646 
	-2.145 
	-69.642 
	-2.146 
	-69.646 
	-2.145 
	-69.618 
	-2.144 
	-69.625 

	home-other
	-1.680 
	-40.565 
	-2.120 
	-69.202 
	-2.121 
	-69.198 
	-2.120 
	-69.173 
	-2.119 
	-69.185 

	Day of week of tour (reference case: Monday)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Tuesday
	-0.076 
	-2.333 
	-0.078 
	-2.373 
	-0.077 
	-2.354 
	-0.077 
	-2.345 
	-0.077 
	-2.343 

	Wednesday
	-0.058 
	-1.732 
	-0.058 
	-1.723 
	-0.057 
	-1.705 
	-0.055 
	-1.649 
	-0.057 
	-1.717 

	Thursday
	-0.019 
	-0.542 
	-0.020 
	-0.574 
	-0.019 
	-0.546 
	-0.020 
	-0.571 
	-0.018 
	-0.506 

	Friday
	-0.083 
	-2.721 
	-0.084 
	-2.760 
	-0.083 
	-2.734 
	-0.083 
	-2.725 
	-0.082 
	-2.706 

	Average link speed
	0.000 
	0.991 
	0.000 
	1.059 
	0.000 
	1.017 
	0.000 
	0.979 
	0.000 
	1.029 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	μ1 
	-0.725 
	-9.949 
	-0.718 
	-9.968 
	-0.723 
	-10.033 
	-0.712 
	-9.696 
	-0.636 
	-8.501 

	μ2 
	0.638 
	8.786 
	0.646 
	9.004 
	0.641 
	8.934 
	0.652 
	8.918 
	0.727 
	9.747 

	μ3 
	1.512 
	20.021 
	1.520 
	20.364 
	1.516 
	20.297 
	1.528 
	20.089 
	1.601 
	20.659 

	μ4 
	2.122 
	26.019 
	2.131 
	26.385 
	2.128 
	26.326 
	2.139 
	26.070 
	2.212 
	26.505 

	μ5 
	2.543 
	28.299 
	2.554 
	28.626 
	2.551 
	28.572 
	2.564 
	28.351 
	2.634 
	28.746 

	μ6
	2.863 
	28.697 
	2.876 
	28.961 
	2.873 
	28.909 
	2.886 
	28.739 
	2.954 
	29.142 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of observations
	21090 
	 
	21090 
	 
	21090 
	 
	21090 
	 
	21090 
	 

	Log liklihood (intercept only)
	-15147.768 
	 
	-15147.768 
	 
	-15147.768 
	 
	-15147.768 
	 
	-15147.768 
	 

	Log liklihood (final)
	-10535.643 
	 
	-10530.967 
	 
	-10525.950 
	 
	-10525.345 
	 
	-10532.927 
	 

	Mc Fadden Adjusted r2
	0.304 
	 
	0.305 
	 
	0.305 
	 
	0.305 
	 
	0.305 
	 


� Inner London is defined by the Boroughs of Camden, Greenwich, Hackney, Hammersmith & Fulham, Islington, Kensington & Chelsea, Lambeth, Lewisham, Southwark, Tower Hamlets, Wandsworth, Westminster, and the City of London.  Outer London tends to have more dispersed travel patterns typical of suburban areas. 


� For a full description of the methods and a copy of the survey instrument see 2001 NHTS Users Guide http://nhts.ornl.gov/2001/usersguide/index.shtml


� Exchange rate in 2001 was about $1.50/£


� Data could not be disaggregated for those in population density of 100-500 sq miles, due to lack of sufficient observations in this category for those with medical conditions.
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