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Abstract

This research project is based on a recent opportunity to track down identical phone numbers from the three most recent household travel survey samples in order to construct a pseudo panel of households.  Because no nominative information is available in the databases, specific procedures, initialized with phone numbers, had to be developed to measure coincidental indices: same household? same place? same people? same trip patterns? same modal choice? etc. As a result, true medium term evolution in demographic or household restructuring, car ownership, trip rates, or public transport abandon time, can be assessed.
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1. Introduction

The origin-destination surveys of the Greater Montreal Region, which sample 5% of all households, are well-known examples of cross-sectional data. These surveys take a snapshot of urban mobility during an average day in autumn and they are repeated roughly every 5 years since 1970. As such, they now comprise a very rich source of information concerning urban travel patterns.

In addition to classical mobility studies, these surveys have facilitated investigations into socio-demographics, residential construction and activity location patterns. The combination of several consecutive surveys offers an opportunity to develop a longitudinal profile of all these phenomena.

Questions have recently been raised about the sampling strategy of the origin-destination surveys and these have led to the present attempts to measure the amount of overlap in the samples of past surveys. The recognition of households sampled in successive cross-section surveys actually leads to the construction of a panel. In fact, since its composition is possibly incomplete (some households could be impossible to match), its construction was made a posteriori (after the surveys were completed) and that households part of the panel were and are not aware that they were participating in such a survey (they have only accepted more than once to participate to a cross-section survey), it is called a pseudo panel.
Two principal themes are dealt with:

· The methodological issues surrounding the recognition of sample overlap as well as validation problems inherent to disaggregate data, notably the location of households.

· The identification of possible analysis methods to explore the structural and behavioral stability of households and individuals as well as various phenomena which could affect mobility patterns over a 10-year period.
2. Survey methods

The origin-destination surveys undertaken in the Greater Montreal Region are cross-sectional, meaning that data are collected from the sample at a moment in time. In Montreal, each household surveyed provides details concerning the trips made by all its members during a particular day in autumn. These surveys are undertaken roughly every 5 years and sample approximately 5% of all households.

There are, of course, other methods of conducting surveys, notably longitudinal data on a fixed sample (panel data) or on a variable sample.

· Panel surveys require the collection of data from a sample of people at different points in time. Observations are therefore for the same sampling unit (people or households).

· Longitudinal surveys consist of a series of surveys each with different representative samples. They can be undertaken periodically or continuously.

According to the technical documentation on longitudinal survey methods (Tourangeau et al., 1997, Table 1, p. 2-3) which differentiates four types of survey, the Montreal origin-destination surveys fall under the “repeated cross-sectional” category. Note that, in contrast with cross-sectional surveys, longitudinal surveys permit the measurement of variability within a sampling unit.

Richardson et al. (2005) outlines the relative advantages and disadvantages of longitudinal panel surveys.

Advantages: 

· They allow for the observation of changes in individual behaviour. Therefore, in addition to observations of equilibrium states at specific moments, it is possible to discern how people define these equilibriums as well as the circumstances and factors which influence important decisions (buying a car, moving, changing jobs).

· Interviewing the same household multiple times increases the amount of information collected on that household (accumulation).

· The most important advantage of panel surveys is that they allow for direct measurement of behavioral changes at the individual level. Such information cannot be obtained from a cross-sectional survey.

Disadvantages:

· It can be difficult to find respondents who are willing and able to be interviewed multiple times. Furthermore, those who agree may not be representative of the population as a whole, something which would bias the sample.

· Attrition and obsolescence of the sample, due to various causes (death, moving, change of employment, change in socio-economic status), affect the composition of the sample can result in a bias.

· Repeated interviews of the same respondents can have a conditioning effect on the respondent’s initial attitude concerning the survey process. This can influence the response behaviour.

When comparing the methods used in four well-known types of longitudinal panel surveys (Tourangeau and al., 1997, Table 9, p. 4-2), it is noted that, in the case of transport surveys (Puget Sound Transportation Panel, Dutch National Mobility Panel), the sampling unit is usually the household. These households are interviewed once or twice per year. Each interview concerns a two-day period in the case of the PSTP and a 7-day period in the case of the Dutch survey.

The survey data have been used extensively in analyses of the evolution of household behaviour:

· Analysis using the Puget Sound Transportation Panel (PSTP): Goulias (1999), Jun and Goulias (1997), Harougeh and Goulias (2002), Yee and Niemeier (1998, 2000)

· Analysis using Dutch National Mobility Panel (DNMP): Golob and Van Missen (1989), Bhat and Koppelman (1994), Goulias and Kitamura (1992), Van Missen and Meurs (1990).

3. Methodology for extracting a panel of respondents

Survey methods can therefore be classified into two groups: those that repeatedly collect data on the same sample and those that do not. Generally speaking, cross-sectional surveys do not collect data from the same sampling unit more than once. However, given the size of the Montreal surveys, probability theory suggests that they must contain a small sample of households who were interviewed more than once, thus forming a panel.

Finding households that were sampled in more than one O-D survey is a complex task. In fact, there is no single variable that could be used to definitively recognize the same household in three different samples. Since no nominal information is available in the trip data, special procedures have been developed to match identical telephone numbers in the three most recent O-D surveys (1993, 1998 and 2003). When the same telephone number is found in multiple surveys, coincidence indicators are computed in order to recognize households that were sampled in multiple surveys.

In this context, the following procedure was implemented.

3.1. Coupling of identical telephone numbers

· Two identical telephone numbers

· Change in area code: Between 1993 and 1998, a new area code (450) was introduced for regions off the Island of Montreal. Households in these areas kept the same telephone number but the 450 area code replaced the 514.

· Change in phone number as determined at the time of the call (“The number you have reached is not in service. It has been changed to …”)

Figure 1 shows the phone number coupling in the three O-D surveys. To summarize, 155 apparently identical phone numbers appear in all three datasets. Moreover, 2,544 phone numbers appear in both the 1993 and 1998 surveys, 3,013 numbers appear in 1998 and 2003 and 2,469 appear in 1993 and 2003. This gives a preliminary idea of the potential size of the sample. Figure 1 also shows the results of the necessary processing to determine without doubt that the same household is occupying the residence with the same phone number. These confirmed samples are identified respectively PANEL 93-98, PANEL 98-03, etc… The following paragraphs explain the recognition method.

Figure 1. Available co-samples from the three large scale O-D surveys conducted in 1993, 1998, and 2003. Panel sample size for 93-98 (1951 hh), 98-03 (2166 hh), 93-03 (1518 hh) and 93-98-03 (122 hh).
3.2. Comparison of household composition

In order to identify a sample of “recognizable” households with a minimal amount of uncertainty, a coincidence indicator was developed. The following cases are presented:

· Perfect match of all household members:  All the people belonging to a household at the time of its earliest appearance in the survey were recognized with a sufficient degree of certainty. In this process, a tolerance of +2 years was applied to the projected age of each individual in order to account for imprecision at the time of the interview, dates of birth relative to the interview date in autumn and imputation procedures in the case of missing data. Figure 2 shows a case of a perfect match: a household of 4 people is recognized in three surveys. In 1993, the household contained 3 males (aged 4
, 5 and 34) and a woman (aged 33). In 1998, these people had aged by about 5 years, and then by 10 years in 2003. The size of the household did not change and neither did the number of vehicles (2). Cases such as these have a recognition index of 1 (see Figure 4). 3,172 such cases were identified out of 8,181 which amount to 38.8% of all telephone matches.

The household recognition index (HRI) was calculated as follows:
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where Nb_Pers_Rec is the number of persons recognized and PersHHi is the number of persons in household of year i.
Figure 2. Household with a perfect match and basic travel information for the 1993, 1998, and 2003 surveys.
· Perfect match of a subset of household members: All people within a household when it had the fewest number of members were recognized with sufficient certainty. There exists therefore a stable core of individuals aged 18 years or older. These cases imply the departure of one or more members from the household (ex: death) or the arrival of one or more people. Figure 3 shows the case of a household where 4 members were recognized in all 3 surveys. The household was unchanged between 1993 and 1998 while two people left between 1998 and 2003 (the departure of two children). The number of vehicles in the household increased between 1993 and 1998 during the time when two of the children became old enough to drive. The number of vehicles remained the same between 1998 and 2003. Such cases also receive a recognition index of 1 (see Figure 4). 2,286 out of 8,181 (or 27.9%) of phone number matches fell into this category.

· Recognition of at least one adult household member: These cases present greater uncertainty. One adult household member is recognized but they are not necessarily included among recognized households. Numerous social phenomena are implicated. A careful examination of household attributes is therefore required to ensure that two occurrences do in fact represent a match. These cases receive a recognition index of less than one (see Figure 4). 724 cases were identified of which 299 were retained. 

Figure 3. Example of a perfect match for a subset of the household members, and basic travel information for the 1993, 1998, and 2003 surveys.
Figure 4. General diagram of the method to recognize every household that will be recognized as a part of one of the panel 93-98, 98-03, 93-03 or 93-98-03.
3.3. A note on moving

The use of telephone numbers to trace households across multiple surveys implies that all the households that moved outside the zone which would allow them to keep their original phone number are automatically excluded from the analysis. A brief study of address changes, with or without the preservation of the phone number, demonstrates the spatial constraints imposed by the telephone companies as well as the spatial tendencies of household when they choose to move. This study was undertaken on the 5,458 households that had a recognition index of 1.

A check has been done upon the address changes of “perfectly recognized” households which kept the same telephone number. There were 835 such households, each belonging to multiple panels. Three of these moved twice during the ten-year period. The average distance for these moves was 1.8 km.

Similarly, address changes for households where a new phone number was obtained at the time of the interview account for 17. In almost 77% of cases, these moves were away from the downtown and covered an average distance of 14.0 km. For the remaining households that moved towards downtown, the average distance was 3.8 km.

4. Examples of structural analyses

The study of individual and household characteristics over time allows for the construction of indicators quite different from those normally extracted from the O-D surveys. This type of data can be used to monitor changes of discrete entities and analysis can yield considerable insight into the spatial-temporal effects that influence the decisions of households and individuals.

Four panels are retained to make further analyses: two 5-year panels (93-98, 98-03), one 10-year panel (93-03) and one 5-and-10-year panel (93-98-03). Table 1 presents a summary of several characteristics resulting from the analysis of the four panels. It is observed that:

· All the panels see most of their measured characteristics decreasing over the years: household size, trip rates per person and per household, transit usage, and walking; car ownership stays stable per household while increases per person, and relative car usage rises slightly.

· It can be hypothesized that the aging process observed in “stable households” (those having the chance to be observed in two surveys separated by 5 or 10 years) does not represent the entire spectrum of all the households, and are more susceptible to the absence of young adults and seniors.

[Table 1]
Both from a methodological standpoint and from a behavior perspective, the following aspects are examined for 5 and 10 years time frames:

· Evolution of household structure (household size and number of cars)

· Evolution of the demographic structure (age and sex)

· Evolution of certain personal characteristics (car ownership and employment status)

4.1. Household structure

The analysis of the panels is jointly undertaken with the validation of their representativeness of the full 5% sample survey. Two fundamental characteristics to control are household car ownership and household size. Figure 5 shows statistics of the specific panel against the respective full survey. Strong biases are simultaneously acknowledged for single and no-car households (under-represented) while larger families with a higher level of motorization are over represented. The same pattern is observed for the 10-year panel.

Figure 5. How the panel is representative of the full survey for household size and car ownership? Under and over-representation in percentage for a 5-year (93-98) and a 10-year (93-03) panels.
4.2. Demographic structure

Figure 6 shows the demographic distribution by 5-year cohort to check the discrepancy between the panel and the full survey. It is observed that at the base year, there is only a slight under-representation of the young adults (20-29 year-old) compensated by a small excess of 35-49 people. 5 or 10 years later, the distribution of the panel population considerably deviates from the real population. Just after 5 years, under-representation is clear for 0-4 and 20-34 age groups while the population over 45 is over-represented in the panel. Worse, these biases are heavily amplified in the 10-year panel.

Figure 6. How the panel is representative of the full survey for the demographics? Under and over-representation in percentage for a 5-year (93-98) and a 10-year (93-03) panels.

4.3. A disaggregate analysis of changes

Based on a smaller sample of 122 “perfectly recognized” in all three surveys, Figure 7 shows the evolution of household size measured across the period from 1993 to 2003, by a 5-year time frame. The size observed in 1993 serves as a reference value. The graph explains the specific mobility of persons (or the car ownership) from one category to the other.
· In 1993, 17 households consisted of single people. 15 of these people were still living alone in 1998 while 2 of these people were living in couple in 1998.

· From 1993 to 2003, a large proportion of households did not increase or decrease in size. It seems that 3-person households are the most likely to change over time, either by losing member (41% of cases), or by gaining members (11% of cases).
· the (93-98-03) panel has relatively more changes in car ownership level, and in general, has typically a higher level of motorization than the normal population. 
Figure 7. Graph of changes for the 93-98-03 panel, considering at left the composition of the household, and at right the evolution in car ownership.
4.4. A more disaggregate study of changes in car ownership

To understand the precise moment when changes in behavior occur, a special graph (Figure 8) is developed to show car acquisition (by 5-year cohort) and to explain the main differences by gender. The 93-98 panel demonstrates the saturation curve of car ownership in male starting at the age of 25. It also illustrates the strong growth in car ownership and the important difference in behavior for the age group 15-24 in 1993 (low X-axis) that became 20-29 in 1998 (high X-axis).

In the bottom graph, one can observe the general progression in car ownership while young females are catching up at a higher level in 2003.

Figure 8. Top: for the 93-98 panel, evolution of the proportion of people owning a car, by 5-year age cohort and gender, over the histogram of the demographic distribution. Bottom: study of the same phenomenon, but for a 10-year span when considering the 93-03 panel.
5. Continuous research: transport behavior and life cycle

Since the structure of households changes as people age, as demonstrated by Richardson (2006), it becomes interesting to show how a panel evolves over a 10-year period. Figure 9 shows the shifted distribution of average persons per household by age of the individuals (grouped by 5-year cohorts). The cohorts presented in the histogram are characterized according to their household size. 

Figure 9. Panel 93-03: demographic distribution (histogram) combined to the evolution of the household size for a person pertaining to a specific age cohort in 1993 and 2003.
This sort of analysis will be pursued in the future, with a focus on all the other characteristics of travel demand that are available from large scale O-D surveys: the study of the evolution, by age and gender, of not only car ownership or transit usage, but also travel purpose, activity duration, travel distance involved, departure time of the trips, spatial location, etc.
In summary, it has been thoroughly illustrated that the pseudo panel – coming from random choice sample of 5-year interval household travel surveys – are not representative of the population at large. The necessary conditions for a household to be present in three consecutive surveys are such that no simple extrapolation can be made (the 30-44 age-group is over-represented). The trends remain interesting, however, as they describe the evolution of this particular group of households (young suburbanites). Nevertheless, a large spectrum of travel behavior can be investigated, especially to identify the moment in life when changes occur.
As stated, future research will examine the transitions which affect mobility (change in mode of transport, mode split, change in employment status, etc.) as well as the demographic evolution in space. Changes in personal mobility within an aging population will also be of great interest. Future prediction models will undoubtedly be influenced by this work.
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Table 1. Summary of statistics derived from the population of each panel: population, household size, car ownership, number of trips, trip rates, modal shares.
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age

persons (%)

Persons 93 (Panel 93-03)

OD survey 93

Série3
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1.3%

1.7%
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age

persons (%)

Persons 03 (Panel 93-03)

OD survey 03

Série3

Panel 93-98

Panel 93-03

Difference

Difference

Difference

Difference
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� Note that, in the 1993 survey, all children under 4 years old were assigned an age of 4
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