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ABSTRACT

The Montreal Region has maintained the tradition over the last 40 years of conducting large
scale (5% sample of the household universe of the Greater Montreal Area) so-called Origin-
Destination travel surveys. Every 5 years, about 65,000 households are subjected to a CATI
(Computer Assisted Telephone Interview) method in which every trip made by each member
of the household is characterized in terms of origin, destination, purpose, departure time,
travel modes, bus routes taken, car ownership, status, etc... The information is interactively
validated, and trip ends, junction points (subway or railway stations), bridges, freeways,
monuments, trip generators and residences are geo-coded. This type of survey is usually
fundamental for a large set of transit and roadway simulation projects.

In the past, several weighting factors were independently determined for household, persons
and trips, thus creating diverse inconsistencies. The available reference databases consist of
total population demographic distribution by 5-year cohorts and enumeration of private
households, for about 100 municipal sectors.

To acknowledge the fact that personal travel behaviour is conditioned by household
structure, age, and residence location, and to investigate possible biases in the observed
sample, the weighting method utilizes an iterative proportional fitting algorithm (Furness type
growth factor method) to respect the household composition distribution and a simplified 5-
behavior-typical-cohort demographic distribution. The weights are also constrained to some
specific variation, and the method application results in about 7,000 different weighting
factors preserving the coherence and consistence between household and population
surveyed travel behaviour. Impacts from different weighting strategies are compared.

Keywords: household travel survey, Origin and Destination, population behaviour, weighting
method, iterative proportional fitting, Montreal case
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INTRODUCTION

Montreal household travel survey context

Household travel surveys (HTSs) are one of the most and common ways to collect
fundamental information for planning and simulating transit and road networks. In the Greater
Montréal Area (GMA), Origin-Destination travel surveys began in the 1970’s. Since then,
large scale HTSs (a sample of around 5%, or nearly 65 000 households) have been
conducted every five years, with each subsequent HTS bearing witness to methodological
and technological improvements (Trépanier et al.,, 2008). In 1998 the CATI (Computer-
Assisted Telephone Interview) method was incorporated into the HTS. In addition to guiding
the interviewers during the interview process, the survey software interactively gather,
validate information (e.g. transit route taken, age and driver’s license) and geocodes, with
complete GIS-T reference, all locations related (residences, trips ends, junction points -
subway and railway stations-, trip generators, bridges and freeways). More information on
the Montréal OD travel survey software is documented in Chapleau et al. (2001). The most
recent HTS was conducted in autumn 2008 and covered an area of over 8 120 square
kilometers. From 220 000 phone calls and 66 100 completed interviews, a database of 66
100 households, 157 000 persons and 323 000 trips were assembled.

The processing of HTS data is often perceived as usual activity with less interest. However,
processing activities, more precisely data weighting, are key steps to achieve high quality
data (Sammer, 2006). Traditionally, Montreal travel survey units - households and
persons/trips - are weighted independently without consideration of the inherent relationship
between each other. Trip weights are estimates based on a person’s demographic attributes
without consideration of the household to which the person belongs. The reference
population for HTS weighting comes from the Canadian census, which, like HTS is
conducted every five years (but with a two years interval). Total population demographic
distribution by 5-year cohorts and enumeration of private households are specific available
data. Yet it is known that travel behavior is influenced by decisions and constraints imposed
by the household. Furthermore, household activities are influenced by location and the age
of its members. Key facts about demography and mobility confirm that personal travel
behaviour is conditioned by household structure, age, and residential location. Different geo-
demographic demonstrations relying on totally disaggregate analyses of HTS data have
revealed consistent spatial phenomena over time, such as demography and travel
behaviours (Chapleau and Morency, 2004). In Figure 1 below, certain spatial trends may be
observed:

e A proportional relationship between a household’s distance from the CBD and
its size. In general, one-person households live in the central districts whilst
family-households prefer suburban areas ;

e An inversely proportional relationship between distance from CBD and the
transit share; transit share is higher in the central districts while it is basically
insignificant in suburban areas.
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“The simultaneous examination of demographic and mobility indicators
furthers the rendering of urban interactions. The major attributes retained
for this analysis are synthesised in the following table (Table 1). Hence,
Chernoff faces are used to compare the features of each region for the
1987 and 1998 Origin-Destination surveys (10-years evolution). This table
also describes the features used in the Chernoff faces to illustrate the
extent of each mobility or demographic attribute. The statistical technique
allows easy detection of the similarities and differences between regions
and time periods. It also permits the five detailed comparisons between
specific features. Figure 2 presents the corresponding Chernoff faces. The
heavy trends are rapidly detected.” (Chapleau and Morency, 2004)

For data dissemination purposes, the GMA is traditionally separated in eight geopolitical
significant regions like those in Figure 2. Theses analytical regions will be used throughout
this paper as spatial units for the purpose of presenting analysis results.
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Table 1- Features of the Chernoff faces: 17 attributes associated with the eight analysis region of the GMA
comparable scale for the two surveys) [Chapleau and Morency, 2004]

Facial Feature Variable Minimum |Maximum Avegr;ge Avegrsage

Face width people / household 1.59 3.04 2.55 2.42
Ear level cars/ household 0.44 1.68 1.05 1.16
Half-face height Households / km? 58 2 936 336 391
Eccentricity of upper face People / km? 176 6 090 855 947
Eccentricity of lower face % 1-person households 11.2% 60.6% 25.3% 29.5%
Length of nose % 0 car households 5.1% 61.4% 25.9% 22.8%
Position of center of mouth |% zero-trippers 19.5% 23.8% 22.7% 21.3%
Curvature of mouth % 00-15 years old 6.4% 27.3% 19.6% 20.0%
Length of mouth % 65 years old and + 5.4% 14.4% 9.8% 10.8%
Height of center eyes Men / Women ratio 0.89 1.18 0.93 0.97
Separation of eyes % Trips to CBD 2.6% 76.9% 8.9% 8.2%
Radius of eyes Transit share (%) 2.3% 54.9% 25.0% 17.2%
Eccentricity of eyes Motorised trips / person 1.30 2.03 1.71 1.89
Half-length of eye Km / household 16.06 77.57 39.43 46.62
Position of pupils Average household income 36176 %] 54147 %] 44634%] 44997 %
Height of eyebrows % Single-detached house 0.2% 75.9% 27.7% 30.2%
Angle of eyebrows % dwelling owners 10.3% 79.3% 44.6% 48.0%

o

@ ;fﬁ \/% \/\40 \ .ﬂg - *\L L\%,’\/é
EVAVASVA = \ - —/

of:} Central MUC Eastern MUC Weslern MUC Near South Shore Lava\ North Shore South Shore
1998 ."’-’."" ‘.
42603 430 696 116 629 182 499 134936 123786 134 378 130 638 1296 164
0 a0 00 00 0
o . B . ’ ' ' . .
— —
40 226 419 059 102 389 163 421 116 396 97 399 86102 89 591 1113 583

Figure 2- Chernoff faces for the eight analytical regions of the GMA - data from the 1987 and 1998 Origin
Destination surveys [in Chapleau and Morency, 2004]

Conceptual Overview

From acknowledged geodemographic confirmations, a new method of determining the
weights given to travel survey observation units was explored for the 2008 Montreal HTS,
with the aim of preserving consistency between household and person units. Figure 3
conceptually presents an overview of HTS concepts.
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Figure 3- Conceptual schema and objects of the Households Travel Survey background

To achieve HTS data calibration, an iterative proportional fitting (IPF) procedure is proposed
in this paper. First presented for estimating contingency table from known marginal
distributions (Deming and Stephan, 1940), IPF is now used in diverse application domains
(Norman, 1999). In transportation engineering, the IPF occurs during distribution of the
origin-destination matrix as part of the standard transport modelling process (Ortuzar and
Willumsen, 2006). In travel survey weighting, the IPF procedure is usually applied individually
to household and to person level (Stopher et al., 2006). IPF has also found use in techniques
developed for the generation of synthetic populations as part of the microsimulation of travel
behaviour (Beckman et al., 1996). Unfortunately, the IPF procedure used in creation of
synthesis population reconstructs joint distributions at household or person-level attributes
without guarantee for consistency with the other observation unit. More recently, a number of
studies in population synthesis note this problem (Guo and Baht, 2007; Arentze et al., 2007;
Ye et al., 2009). Along these lines, an IPF heuristic so-called Iterative Proportional Updating
(IPU), and similar at the one uses in this paper, is proposed by Ye et al. (2009). The aim of
IPU is to generate household synthetic population with simultaneous consideration of
household and persons attributes.

This paper is structured as follows: The first section documents the 2008 Montreal HTS
sample composition and biases by a spatial comparison with reference population data.
Secondly, the Iterative Proportional Fitting procedure and alternative weighting scenarios are
described. This section also offers an overview of weighting statistics and visualizations.
Finally, a discussion of the weighting scenarios and future analyses is presented.
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2008 OD TRAVEL SURVEY SAMPLE DIAGNOSTIC AND BIAS

Over a period of 72 days (September 2 to December 19, 2008), nearly 220,000 phone calls
were necessary to produce 66,100 completed and validated weekday interviews. Figure 4
illustrates the number of households surveyed each day of the HTS, as well as the
percentages represented by region. Under ideal circumstances these values would remain
constant throughout the survey. Figure 4 highlights the non-uniformity of the sample rate
achieved: temporally, and spatially. During the first month we are able to observe a steady
rise in the number of completed interviews, whilst the team members honed their
interviewing skills and telephone manner and the lack of qualified interviewers was
redressed. During the last week of the interview period, previsions in the survey design
ensured that the team direct its attention to those sectors of which an insufficient number of
households have been contacted. By the end of the survey period, that minimum number of
households is surpassed for each sector of the central Montreal Urban Community (MUC)
region.
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Figure 4 — Week day variability of sample and completed households proportion by region (2008 travel survey)

The refusal rate was about 40.4% (based on eligible households), a significant increase
since the first computer assisted and monitored OD travel survey in 1998. A classification of
the interviews processed during the last three OD travel surveys is shown in Table 2. It
shows the rising inherent difficulties to establish contact with households. This phenomenon
is consistent with general tendencies observed in telephone surveys (Stopher, 2007; Tuckel,
2001). Another element to be considered in the evaluation of refusal rates is the interviewers’
experience. Analysis of the performance of the interviewers from the 1998 HTS found that
the level of experience of the interviewers correlated with the refusal rates (Chapleau, 2003).
Over the course of the surveys, as the interviewers gained experience they obtained a lower
rate of refusal.
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In addition, a significant increase in the number of calls in 2008 that was “screened-out”. The
only change in methodology for the 2008 survey that may help to explain this occurrence is
the phone number screening system undertaken by the firm hired to complete the interviews.
Phone numbers deemed ineligible by the screening procedure were not contacted by
interviewer and validity of screened out units has not been confirmed by human.

Table 2- State of Montreal 1998, 2003 and 2008 OD survey sample (weekday)

1998 2003 2008
Total units used in sample
110938 168 958 221202
(phone numbers)
Eligible units 90763| 81.8% 131 235| 77.7% 137 108| 62.0%
Completed households 65227\ 71.9% 70418\ 53.7% 66 100| 48.2%
Refusals 19273| 21.2% 48910| 37.3% 55445| 40.4%
Breakoffs/Incompletes (1) 6263| 6.9% 11907 9.1% 15563 11.4%
Eligibility unknown (2) 13437 12.1% 21528 12.7% 43566 19.7%
Screened out units (3) 6738 6.1% 16194| 9.6% 40528 18.3%

(1) Respondent not available, Appointment, Missed appointment, language barrier, breakoff

(2) Answering machine, No answer, Line busy

(3) Non-residential, Outside sample territory, disconnect number, fax number, permanent disability
With regards to the localisation of refused and incomplete calls, a correlation has been
shown to exist between the rate of these calls and household’s socio-demographic attributes.
The main spoken language and the average income are two example characteristics, and
indeed for the 1998 HTS (Chapleau, 2003) it was observed that refusal and incomplete call
rates correlated negatively with the French-speaking population and correlated positively with
the English-speaking population and the more wealthy sectors. Consistent with this
observation is Figure 5, which conveys (at left) higher refusal rates in the sectors recognised
as majority Anglophone (e.g. those in the Montreal West Island). Figure 5 also conveys (at
right) a higher rate of incomplete calls mainly on the Island of Montreal, an area known for its
multi-ethnicity and hence a slight predisposition for language difficulties.
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Figure 5 — Spatial distribution of refusals and incompletes rates (2008 travel survey)
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Household sample biases

In this section, sample biases are considered by performing a spatial comparison of the
population reconstructed from survey data versus the reference population. The spatial
distribution of households according to their size is depicted in Figure 6, with classification by
households of 1, 2, 3 and 4 or more persons. As is often observed in telephone survey, 1-
person households are under-represented. For the 2008 Survey, although the overall sample
of households constitutes 4.16% of the entire territory, only 3.55% of 1-person households
were contacted.

Another observation that can be made with reference to Figure 6 is the consistent
underestimation across all household categories in specific sectors. This underestimation is
a consequence of a municipal confusion in the sample units provided by the survey sampler.
This resulted in a reduced number of households surveyed from those sectors, since
households believed to be located in the particular sectors were actually located elsewhere.
This type of sampling error remains difficult to correct when discovered post-survey.

2 persons / HH.
(4.61%)

1 person / HH.
(3.55%)

Households
Sample (%)

M (6.0%
9 [5.5%, 6.0%[
79 [5.0%, 5.5%]
[ [4.5%, 5.0%[
[ [4.0%, 4.5%]
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(4.34%) Y 1l [ [3.0%, 3.5%[
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I 2.5%]
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(4.16%)

Figure 6 — Sample households by municipality sectors with classification by persons/HH.
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A different perspective is given by assessing the combined population of the surveyed
households relative to the total reference population of the HTS. To more accurately assess
what biases pertaining to individuals are inherent at the scale of the household, every
individual who is surveyed is given a weighted score. This weight measures the
representativeness of a given individual's household as a function of its size and sector.
Figure 7 captures one such population comparison, spatially distributed, and highlights an
underestimation of children and young adults (0-39 y.0.) compared to older adults (40+ y.0.).
More precisely, a clear underrated of persons aged 25-39 y.o. can be seen across the
territory, while persons aged between 15 and 24 are mostly underestimated in the central
region (Downtown and surrounding areas). In Figure 8, a more detailed comparison is made
between the demographic structures of the population reconstructed from HTS data (colored
histogram) and the reference population (hollow histogram), with differentiation of gender
and segmentation by cohorts of five years. The structure of the entire survey territory and of
each great analysis region is presented side-by-side to illustrate the influence of the location
of a place of residence.

This is the first time in the history of the Montreal HTS that young adult part of the population
finds itself underestimated to such an extent. Amongst the hypotheses that may account for
this bias is an increased prevalence of households foregoing fixed-line telephones in favor of
their cell phones. These households were not part of the telephone sample supplied by the
provider. Further discussion of the cell-phone only household and other related telephone
survey phenomena may be found in other works (Keeter and Kennedy, 2006 ; Stopher and
Greaves, 2007).

An annual survey conducted since 1998 by Statistics Canada (Statistics Canada, 2009) adds
weight to this hypothesis. The Residential Telephone Service Survey aims to record
telephone penetration rates across the country. Available statistics are given per province,
with coverage of rural areas. In December 2008, 65.5% of households in the Province of
Quebec used at least one cell phone. An estimated 6.7% used only cell phones as their form
of communication, compared with 2.2% in 2003. Of most relevance to the current discussion
is that the rate of young — i.e. comprised solely of 18-34 year olds — cell-phone only
households approaches 25%. Moreover, Statistics Canada (2006) reveals that households in
urbanised regions such as Montreal area are most likely to be those with cell phones only. In
2005, this household proportion was around 6.4% in GMA but in 2008 had rise to 8.1%.
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Figure 7 — Spatial distribution (by age group) of population difference (%) between census and OD travel survey
population weighted by household size stratification
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Figure 8 — Demographic profile by five years cohort of person sample and comparison with census population
(2008 OD travel survey person sample and 2006 Canadian census)
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IPF PROCEDURE AS TRIPS WEIGHTING METHOD

The aim of the weighting method investigated for the 2008 travel survey is to lessen the
discrepancies between the survey sample and the reference population whilst maintaining
consistency between the weights assigned to the household and person survey units. To
achieve this ambition, a calibration of the weights is performed by an iterative proportional
fitting (IPF) procedure that recreates distributions of household and person units
simultaneously. Ultimately, trips performed by a household are given the same weighting
factor as the household.

Population reference data

The available reference databases (2006 Canadian census) provide information on total
population demographic distribution by 5-year cohorts and enumeration of private
households by number of occupants (1, 2, 3, 4-5 and 6+ persons). However, a problem is
encountered when attempting to unify these two census populations. The Canadian census
contains data on the distribution of private households by size, but the demographic data
(age and gender distribution) is presented only for the total population, which includes
persons in private and collective households (collective household refers to residents
occupying lodging or rooming houses, hotels, motels, hospitals, staff residences, jails,
missions, and so on..). A difference of 1.5%, or nearly 60 000 persons, exists between the
two population universes for the GMA. Historically, Montreal HTSs have always produced a
reconstructed population without concern for this difference. To preserve comparability of the
2008 reference population with those of earlier HTSs, the demographic distribution of
persons in collective households is thus considered with an identical demographic
distribution to those of private households.

Weighting algorithm

The applied weighting method uses an iterative proportional fitting algorithm based on the
classic Furness type growth factor method (equations 1 to 3). This iterative algorithm
performs a calibration on margins by repeated application of growth factors to household
weights. This is done in such a way as to simultaneously reproduce the distribution of
households across household size and distribution of persons by age group. At each
iteration, the algorithm alternates between adjusting a row (person-level) and adjusting a
column (household-level) until a solution satisfies a convergence constraint (after a
respectable number of iterations). Minimisation of squared error (MSE) was the convergence
constraint chosen for our analysis, but this constraint can be expressed in a multitude of
fashions.

A precise reconstruction of household distribution is possible upon the termination of the
algorithm with a set of proportional adjustment values for each household. The adjustment
procedure is applied for each of the 107 spatial units sampled during the HTS. These units
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correspond to the 107 municipality sectors, the preferred units for disseminating HTS results
in the GMA community.

Furness equations

T = Tyab; (1)

0;

a; = STy Vi (2)
__Pi
b; = ST Vj (3)

Table 3- Initial weighted population matrix and Furness procedure schematisation

A B C D E
EL|sE|zw 2 8 0-14 15-24 2539 40-64 65+ Private
$ 2 38 |E3 E 3 households
o | I = & (census)

516919] 18244] 2833 1

540374] 24162| 2236 2 Tij D J

260908| 10228] 2551 3

334124| 13590  24.59] 4+

Population Travel survey|  631338]  460644] 691430 1486919] 578825| 3849155
Total Population (Census) Oi | 3939819

Difference -41462 -35896] __ -135634 82 660 39669 -90 664
Difference (%)  -6.16%[ -7.03%[d} -16.40%[4F  5.80%|4  7.36%|  -2.30%

The application of this procedure relies upon a computational processing of the surveyed
households. Table 4 is a tabular representation of the data being processed by the
procedure for a specific sector. Each household is handled individually and categorised
against a typology of households defined by the household’s structure (number and age of
residents). The typology selected distinguishes a total of 393 categories of household across
the GMA for the 2008 HTS, based on a division of all interviewed households according to
size (1 person, 2 persons, 3 persons and 4+ persons) and age group (A: 0-14 y.o., B: 15-24
y.0., C: 25-39 y.0., D: 40-64 y.o0., E: 65+ y.0.). Such a division ensures a sufficient number of
observations per cell for the 107 weighted sector and prevents empty cells. To illustrate the
labelling of a given household, “1A1C” denotes a household of two persons and composed of
one person from group A (i.e. between 0 and 14 y.o0.) and another person from group C
(between 25 and 39 y.0.). The number of distinct categories of household represented per
sector averages between 20 (sector 141, Senneville) and 117 (sector 118, Montreal North).
Ultimately all of the households and the persons from the households associated with a
given household category and sector receive the same weighting factor. Application of the
IPF algorithm for the 2008 Montreal HTS results in approximately 7000 different weighting

factors. Finally, a proportional person’s weight adjustment is done to recreate the census
total population universe.
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Table 4 — Example of individual household treatment for factorisation by IPF (Example of sector 121-Outremont)

& N

i 00@ &/ /L)L) & <$° o") ’$§

G/ & 8o/ /S S/ S/ /))& LEE
Q /4 & S/N/ N/ R/ R/ G/ &/ &) &) &)L Q&
10317{ 121)1E 1 1 0 0 0 0 0 0 0 1 | 28.45| 28.45| 26.73
10557| 121|1D 1 1 0 0 0 0 0 0 1 0 | 28.45| 28.45| 26.91
10903| 121|3A2D 5 0 0 0 1 3 0 0 2 0 | 22.08| 22.08| 15.73
11137| 121|5A2C 7 0 0 0 1 5 0 2 0 0 | 22.08| 22.08| 24.43
12999 121}1C 1 1 0 0 0 0 0 1 0 0 | 28.45| 28.45| 41.79
13589( 121|1C2E 3 0 0 1 0 0 0 1 0 2 | 23.39| 23.39| 24.11
14561f 121)2E 2 0 1 0 0 0 0 0 0 2 | 21.19] 21.19| 18.69
15891| 121)1E 1 1 0 0 0 0 0 0 0 1 | 28.45| 28.45| 26.73
16234 121|1D 1 1 0 0 0 0 0 0 1 0 | 28.45| 28.45| 26.91
16585( 121|2A2D 4 0 0 0 1 2 0 0 2 0 | 22.08| 22.08| 15.73
16849| 121|3A1B1C| 5 0 0 0 1 3 1 1 0 0 | 22.08| 22.08| 33.24
18456| 121|2D 2 0 1 0 0 0 0 0 2 0 | 21.19| 21.19| 18.82

Total weigthed HHs (HTS) | 3528| 3009| 1333| 1855 4504| 3049| 4306| 7688| 3408|Total weigthed persons (HTS)
Total private HHs (census) | 3528| 3009| 1333| 1855| 4490| 3043[ 4297| 7668| 3399|Total population (census)
ai | 1.000| 1.000| 1.000| 1.000| 1.003| 1.002| 1.002| 1.003| 1.003| bi
0.32%| 0.20%| 0.22%| 0.25%| 0.25%| Population difference (%)
789 MSE

Initial weights

To initialize the algorithm a first solution is required, which is obtained by reconstructing the
population with a weighting factor that is the ratio of the number of private households by
size group from census population to the total number of surveyed households. These
weights reproduce the distribution of private households as a function of their size, and a
population divided into five pre-determined age groups. This constitutes the initialization step.

Weight trimming

The unconstrained application of the iterative proportional fitting (IPF) method outlined above
may produce weights for some sectors exceeding an acceptable value in relation to sampling
rates. For instance, some weights reach in excess of 300 while a sample size of around 4%
would suggest an approximate weight to be around 25. To restrain weight variability a
constraint is imposed upon them. Two scenarios are explored, where the weights are kept
within a plus/minus value of the initial weight:

o FEXP25: IPF method with weights limited within initial weight +25%;

e FEXP50: IPF method with weights limited within initial weight £50%.

12" WCTR, July 11-15, 2010 — Lisbon, Portugal
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CHAPLEAU, Robert; PICHE, Daniel

Evaluation of weighting scenario

In this section, different examples of weighting statistics to evaluate scenarios are
summarising. First, for each scenario, the population reconstruction matrix of the GMA is
presented (Table 5 and Table 7), as well as the difference between the solution offered by
the particular scenario and the initial weights solution (Table 6 and Table 8).

Table 5 — Population matrix result of scenario FEXP_25 (trimming at £25% of initial weight)

A B C D E
: » . T :
2 % E %- % < - Popl.JIatlon
2elgg|s>| ¢ 014 15-24 25-39 40-64 65+ RNt
8z2| 328 = 2 2 households
B 27| E §
516919 18244 28.33 1 0 12 100 85171 214 396 205 250 516 917
540374 24162 22.36 2 20822 64 939 222282 497 464 275 268 1080 775
260908 10228 25.51 3 132481 127 062 194 979 291 604 36 637 782762
334124 13590 24.59 4+ 500 084 262 856 285 762 402 741 21961 1473 404
Population Travel survey 653387 466 957 788194 1406 204 539 116 3 853 859
Total Population (Census) 672 800 496 540 827 064 1404 259 539 156 3939 819,
Difference -19413 -29 583 -38 870 1945 -40 -85 960
Difference (%)[4F -2.89% |4} -5.96%|F -4.70%|fF  0.14% |4 -0.01%[ -2.18%
Table 6 — Population cells adjustment (scenario FEXP_25)
A B C D E
% Population
P Privat
2 0-14 15-24 25-39 40-64 65+ rivate
2 households
)]
o
1 23.4% 23.2% -5.2% -3.1% 0.0%
2 17.5% 20.1% 20.6% -5.3% -8.1% 0.0%
3 4.8% 0.8% 9.9% -5.8% -15.6% 0.0%
4+ 2.6% -2.9% 9.6% -5.5% -9.3% 0.3%
Population Travel survey| 3.5% 1.4% 14.0% -5.4% -6.9% 0.1%
Table 7 — Population matrix result of scenario FEXP_50 (trimming at £50% of initial weight)
A B C D E
o (%) . T .
g z % e x £ I Popt.JIatlon
2elgg|s>| ¢ 0-14 15-24 25-39 40-64 65+ DL
82| 38 =z 3 2 households
Bl 27| F 8
516919 18244 28.33 1 0 13434 91995 208 494 203 007 516 931
540374 24162 22.36 2 22597 71932 230 832 486 875 268 549 1080 784
260908 10228 25.51 3 136 331 126918 200 302 284 324 34910 782 784
334124 13590 24.59 4+ 499717 268 016 284 490 404 376 23197 1479 796
Population Travel survey 658 644 480299 807 619 1384070 529 664 3 860 296
Total Population (Census) 672 800 496 540 827 064 1404 259 539 156 3939 819
Difference -14 156 -16 241 -19 445 -20 189 -9492] -79523
Difference (%)|[4F -2.10%[4F -3.27%[F  -2.35%[F  -1.44% |} -1.76%[F  -2.02%
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Table 8 — Population cells adjustment (scenario FEXP_50)

Population Travel survey|

A B C D E

% Population
\ .

2 0-14 15-24 25-39 40-64 65+ A

2 households
[J]

a

1 37.0% 33.0% -7.8% -4.1% 0.0%
2 27.5% 33.0% 25.3% -7.3% -10.3% 0.0%
3 7.9% 0.7% 12.9% -8.1% -19.5% 0.0%
4+ 2.6% -1.0% 9.1% -5.1% -4.2% 0.4%

4.3% 4.3% 16.8% -6.9% -8.5% 0.3%

Figure 9 compares distributions of household’s weight estimated in scenario FEXP50 and
initial IPF weights. Weighted person shares are illustrated by household size where age
group are marked (Figure 10 and Figure 11). Theses figures help to distinguish household’s
category and person’s group adjustments and the impact of lessening weight constraints on

weight variability.

Figure 12 shows the resultant population following adjustment via the weighting method
(scenario FEXP50). This map can be juxtaposed with Figure 7, which shows the same
population derived from the sample but before application of IPF correction. Note the more
uniform adherence to the reference population by the reconstructed population. A difficulty in
reproducing a handful of groups still remains, such as young adults (15-24 y.o.) in the
Downtown district and certain groups from sectors with sampling errors or a low population.
More detailed demographic (5 y.o. cohorts) profile reconstructed by IPF procedure is shown

at Figure 13.
50% 1 person household Households 4% | som 72persons g Households [ 4%
4500 —e— % HHs FEXP50 40% | 4500 - n —e— % HHs FEXP50 - 40%
4000 'El‘ --o-- % HHs initial weight = 350, | 4000 +household ::".' --0--% HHs initial weight = 359
] — ! R R
3500 - {4 | WEIGHT | FEXPS0 Initial | | 3500 - i WEIGHT | FEXPSO0 | Initial | _ o
3000 | ! ‘.I Mean 28.37| 28.37 255 3000 | : '.l Mean 22.40| 22.40 2%
2500 | i | [Min 3.84| 7.33 2500 | A Min 4.34| 6.54
2000 | \[Max_ |122.98| 84.23 20% | 5000 | b Max 66.14| 45.79[ 20%
1500 - 8/SD 6.39|  4.03] 15% | 4500 | \ sD 6.18| 2.82f 15%
1000 22.54%| 14.21%| 10% | 1 g0 | \ 27.58%| 12.61%) 10%
500 - F 5% | 500 - t - 5%
0 1000 - 0% 0 1000 - 0%
SESIETERIRIERIRE S2gI8TEETETERIEE
TTR2S SRR3R SEEIERE X o“ﬂEEEEQ;‘EEEEgEE“
weight FE P 5 weight
5000 - 45%
2500 3 PErsons household ;o::le::;?:w =5 Persons and + ;°::Ie::;?:50
1 - % S - 40% 1 - % S - 40%
4000 —-o--% HHs initial weight 35y, 4000 | OUSEhOId --0--% HHs initial weight 354
| |
3500 - 3500 -
3000 | WEIGHT | FEXP50 | Initial [ 30% 3000 b WEIGHT | FEXP50 | Initial [ 30%
2500 | ,?' g [Mean | 25.55| 25.54) 5% 4§\ |Mean | 24.63] 24.63| 25%
2000 | ,-",‘ i\ [Min 2.94| 5.75| 0% 2000 | i Min 7.32| 14.47| 0%
{4 b [Max 78.08| 53.82| .. {7 [Max 64.00| 50.25| ;o
1500 isd 4 [sD 7.94] 441 1500 1 i\ Isp 7.91] 3.86
1000 - \ 10% | 1000 - 10%
A \ [sD/mean] 31.08%| 17.26% / " |sD/mean| 32.10%] 15.68%

500 Il | 5% | 500 Ja i B 5%
0 e B 0% 0 | - 0%
SEETEIIRRTEIEREE G SEETEIIRRTEIEREE G
TTRESEARBRIRBEEIERRT TTRESEARBRIRBEEIERRT
weight' weight'

Figure 9 - Distribution of household’s weight by HH size (scenario FEXP50) and variability statistics
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Figure 11- Distribution of person’s weight categorized by household size and group age (scenario FEXP50_A)
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0-14yearsold |’ 15-24 years old 25-39yearsold |-

Population difference(%)
(ODz-CENSUS:) / CENSUS:
[7.5%

[5.0%, 7.5%[
[2.5%, 5.0%[
[0.0%, 2.5%[
[-2.5%, 0.0%[
[-5.0%, -2.5%][
[-7.5%, -5.0%[
[-10.0%, -7.5%][
1-10.0%

BIREO000EEN

Figure 12 — Spatial distribution (by age group) of population difference (%) between census and OD travel survey
population weighted by scenario FEXP_50A

MEN )14 Great Montreal Area(GMA) FEXP25_A WOMEN
= 00-14
=15-24
= 25-39 . ;g;g Greater Montreal Area
22'64 40-64 FEXP_25A
+ 65+
o 100% - Census | OD | nie | pitf.%
age groups | persons | persons
-t 190% 90% - 00-14y.o0. 672800 666950 -5850[F -0.9%
. os% W 15-24y.o. 496540 477231| -19309d} -3.9%
B olow ol1os 25-39y.0. 827064| 806294| -207704F -2.5%
o 70% g 400 05l 1 40-64y.0. | 1404259| 1437246 32987|4F 2.3%
65y.0.and+ 539156 552102| 12946/ 2.4%
0/~ 0, - 0, % - -
g (0% 02% 0-1%60% Total pop. | 3939819| 3939823 4 0.0%
-0.49 0.3%
B-m- 50% 50% -+ -
0. 0.3%
| 1 1N a0% - FEXP 50A
016 0.3% Census oD
; oo 30% M- Diff. | Diff. %
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| | [ 20% II 00-14y.0. 672800 671190 -1610N} -0.2%
0.5% 0.4% 15-24y.o0. 496540| 490114 -642614F -1.3%
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Figure 13 — Demographic profile by five years cohort of weighted persons and comparison with census population
(OD survey weighted persons and 2006 Canadian census)
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At the level of aggregation of geopolitical significant regions, weighting impacts on general
indicators are documented below in Table 9 at household, person and trip-level. Differences
between indicators of the FEXP50 scenario and the initial survey sample are evaluated. In
short, it can be seen that the weighting procedure reveals change to mobility indicators aside
from bringing about a population that is slightly younger (mean age decreases of 1.24) and
with fractionally altered modal patterns (transit share increases of 1.19). Greater indicators
changes are perceived in central regions (CBD and Central MUC).

Table 9 — General indicator differences between FEXP_50 weighting strategy and survey sample

o —
o = 2
) S
: 2 £
. s & 3 o 8
Highlights © by w S =
- OD travel survey 2008 - g g % g o 2
( Difference between weighting s o g < g g = 8 g 2
2 ;
scenario FEXP50 - survey sample) g g = § = = 8 < © 3
= o

s | Bl 5| B | 5| 3| £ |8 PE & <
@ & 2 S @ 2 S 3 s i
< o w ; z 3 z 2 ] =

- (] o < w0n ['-] ~ -]

HOUSEHOLDS

Cars/Household| -0.061f -0.034| -0.001f -0.067| -0.038[ -0.035
Persons/Household| -0.076] -0.090 0.036] -0.053| -0.027| -0.052

% 1 person HH 6.61% 5.44% 0.81% 4.55%| 4.18% 3.82%

% 4personsand +HH| -0.24%| -1.13%| 1.07%| -0.24%| 0.20%| -1.22%

% no car household| 3.50%| 2.99%| 0.36%| 1.74%| 1.07%| 0.85%

% household: <20000S / year| 2.04%| 1.53%| 0.08%| 1.11%| 0.58%| 0.50%

% household: 20 000$ -60 0008/ year| 1.33%| 1.07%| 0.20%| 0.85%| 0.91%| 0.59%
% household.: 60 0005-100 0005/ y.| -1.13%| -1.29%| -0.31%| -0.59%| -0.72%| -0.51%
% household: >100000$ / year| -2.23%| -1.31%| 0.03%| -1.38%| -0.77%| -0.58%
PERSONS
Car/person| -0.021 0.002 -0.008] -0.015f -0.009] -0.001

Ratio Men/Women 0.011f -0.019] -0.009f -0.014] -0.011f -0.005

mean age -2.89 -1.08 -2.22 -1.47 -1.70 -1.24]

% 00-15yearsold| -0.67%| 0.10%| 1.93%| 1.44%| 1.67%| 1.24%

% 65yearsoldand +| -3.39%| -0.71%| -2.87%| -1.03%| -1.39%| -1.30%

% workers| 1.64%| 0.72%| 0.88%| 0.56%| 0.30%| 0.88%

% students|  2.21%| 0.86%| 1.35%| 0.51%| 1.62%| 0.31%

% others| -2.21%| -0.29%| -1.17%| -0.71%| -0.87%| -0.59%

% notrip| -1.64%| -1.29%| -1.06%| -0.36%| -1.05%| -0.59%

% car owners (16y.0.and +)| -2.39%| -0.87%| 0.32%| 0.05%| -0.01%| 0.54%
% car licence (16y.0. and +)| -0.44%| -0.72%| 0.31%| -0.19%| -0.14%| 0.18%
% Transitusers| 2.04%| 1.67%| 0.97%| 0.44%| 0.67%| 0.15%

TRIPS
trips/person 0.046 0.039 0.034 0.013 0.043 0.024

motorised trips/person| -0.018 0.025 0.029 0.010 0.032 0.023

car trips/person| -0.058| -0.012 0.008| -0.004 0.009 0.016

Transit trips/person 0.041 0.037 0.020 0.010 0.012 0.001

Work trips/person 0.014 0.008 0.008 0.005 0.004 0.009

Study trips/person 0.027 0.010 0.015 0.006 0.018 0.003

leisure trips/person 0.012 0.005/ -0.001| -0.002 0.000| -0.002

shopping trips/person| -0.007 0.000] -0.008| -0.004| -0.006| -0.002

others trips/person| -0.024| -0.001 0.005 0.004 0.009 0.009

CDB trips/person 0.050 0.009 0.001] -0.001 0.002 0.002

% Transit trips/ motorised trips| 3.89%| 1.69%| 0.75%| 0.45%| 0.35%| -0.09%
% Home based trips|  0.21%| -0.03%| -0.07%| -0.11%| -0.09%| -0.23%

% back home trips| 0.10%| 0.00%| -0.01%| -0.10%| -0.07%| -0.19%

% intermediate trips| -0.31%| 0.03%| 0.09%| 0.21%| 0.15%| 0.42%

% AM peak trips (6:00to 8:59)] 0.06%| -0.05%| 0.73%| 0.39%| 0.62%| 0.39%

% PM peaks trips (15:30 t0 18:29)] 0.11%| -0.03%| 0.32%| 0.20%| 0.22%| 0.35%
trip distance (euclidean) -0.02 -0.03 -0.03 -0.11 -0.09 -0.03
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Weight adjustments of persons to preserve comparability

As stated earlier, the proposed weighting method enables an exact reconstruction of the
household universe with proper distribution of household size and demographic structure.
However, when regrouped into 5-year cohorts as per Figure 13, the weighting method fails to
sufficiently redress the marked underestimation of certain groups of the population, in
particular young adults between 20 and 39. By relaxing the main constraint of the IPF
algorithm, a more faithful reconstruction of the aforementioned population groups may be
performed, but at the cost of bringing about an explosion in value of the weights. To ensure a
level of comparability across the series of surveys, an adjustment of the weights on people is
applied. This adjustment enables the reconstruction of the reference population, in age
cohorts of 5 or 10 years, of the 107 municipal sectors. It should be noted that this procedure
generates a distinct weight for each member of the household, instead of the IPF method
that generates a unique weight for the household and its occupants.

The adjusted weighting factor of a person (FACPER) belonging to household M is
determined by the product of the weighting factor of her household (FEXP) and the
adjustment factor Faj acting for residence S, age cohort C and gender G of the person.

FACPERy ¢ ¢ = FEXPy * Fajg ¢

The adjustment factor corresponds to the ratio between the reference population (census
2006) and the population reconstructed by the household weighting factor for the sector,

cohort and gender concerned.
Census Total population g ¢

Ys.c.6 FEXPy

Fajsce =

The age groups used in the establishment of the adjustment factors are 5-year or 10-year
cohorts for persons less than 70, and a single group for persons aged 70 and older. To assist
age stratification choice, Figure 14 shows the census distribution of the residents of all 107
sectors (grouped by analysis region) with separation into gender and 5-year cohorts. Based
on person enumeration per cohort and the assumption of a perfect sample expected, it is
possible to determine the probability that a certain population groups have been inadequately
sampled. For a five percent sample size target and an expected number of at least thirty
observations, a theoretical minimum of six-hundred persons as population is thus required by
gender-cohort to ensure a good level of representativeness. In Figure 14, these groups not
satisfying this requirement are marked in red. For those municipal sectors where the number
of observations taken was insufficient (31 out of 107), the age cohort size has been enlarged
to 10 years.

12" WCTR, July 11-15, 2010 — Lisbon, Portugal

19



Weighting Method of Household Travel Survey to Alleviate Discrepancies in Transport Planning Models
CHAPLEAU, Robert; PICHE, Daniel

. Municipali Total
Region pality . Men 5 years cohorts Women 5 years cohorts
s on  SECEOr population....... T

Q" Tt conve itepergnirisse 195 751 e s 1333 1350 506 1510 1367 573062 75 it S0 203 2406 e
Qo i) ‘s s o 0347017
o8] 2 el At s 12 4 s 2o e BRI e
Q| w07 3wonweanvitensy 00 s190 3700 320 s 27 121461202 3358 2845 2 s s sais sses s 30 23 1963
Q 1% & s s 55 15 1535 S 20 o >
O Do i s
: 1062 Montréal : Plateau Mont-Royal
D B uf 2uenwestverir
S 05| 2ol 06 vt
QU 10¢ 2 Mo Nowe Dame.de-Grice
Q| dworenssuen
05| 2ol s il

o T8 3 onvea Voo a0 200 2302 2460 2845 2682 s 202 2265 726 16393091 2565

m ‘ 117] 3 Montréal : Saint-Léonard 2108 2 2217 2267 2084 1190 750 33708 21C

- O iere-des Priis 2 255 04 109 o5 95 a1 _sio o0 19

@ Panteaun Tembles P 196 131 1320 1476 2152 136 104 105 1015 esofE 2 %%

S o 1019 oo 1115 1305 1304 1369 1535 7 3635 1630 1650 1360 1334 1105 zuofisnes o7 e

w Samt Laurent Bagsy 21 2678 2397 2397 2229 2618 2959 318 2014 2176 1877 1697 1536 30312 2749 2019 2684 2648 % 7
sale 70 17 o7 1069 2350 2668 273 2097 2 o e 1735 1267 100035 0

7 2 1 2 20

429 1574 2230 3037 273 277 1825 1529 9:5 515 31060 1651 142 7 550 2660 2510
947 2322 2067 1762 1711 B2 1R 2850517 1858 1568 1
1805 1636 1305 1240 1661 2001 21 1 1015 s} 24

1064 189 798 &9 78017278 895 1076

sl s 0 1365 125 635 685 770 600 14290 a5 1105

73] En a6 o

750

1 230 3
x 62 1

urte
4 Montréal : Sainte-Geneviéve
141/ 4 Senmeville

307 5 longueuil s SamtFubert Tron ¥ 335 2 7 3501, 30 1435
Q 6 s eros 2 179 1 540
M 202§ Longueui: Longueuil st ssemn au0s 2167 2009 209 2795 31 70 1345 76 21612 213
Q 2 s pouenerie 39062 55 o0 745 1020 1255 1775 180 555 15555500 1359
201 S Longueuil s Vieur-Longueuil o 275 7 %1 1 = 22 615 61 76 8
S5 5 ompueui e yon sa07 1 86 920 1230 170 oes 920 1120 1265 e 1355 572
A 0 5 Sonctambert 0s &7 &7 869 856 899 7
206, S Longueuil s Greenfield Park 7084 614

05 5

NearSouth Western

36 Lava: Cromedey 2153 21 95 3ot 1 2185 2298 7 2520 32 203 28 511
4066 Loval: Pont Viau,Lval-des-Rapides 7 15 2108 2 s 290 1560 2005 1854 2199 2235 2002 267 2 56 1600
04 6 Lol Sainte-Rose,Fabreille 523 2022 2657 26 2 o0 70 _cae i um o 177 1326 1002
S« 6ol :vimon Aveu s0iss 561961 1696 1586 127 so1 2677 2007 15 105 020 1985 1630 1297 1396 1700 22 s e
S 2 6 Lol o Gootés, Lt lec f
76 aval: Dwvenay, it Vincantde-paul w - e ol 72w 557 721
G ‘6 6 toal-son rangos f
016 vl ovest 550
61117 vepentiony, Craremagne 317 215 3065 22 555 465 3560 2075 240 160 1435 T 3 D)
et 7 samerome ¥ = 206
22{03 terebonne : Terebonne (exmunicpalitd s 1810 1370 aos 178 1918
7 ainvie s s 2061 2161 1620 580 1270 1686 2346 2661 205 55 o f 1685

631 7 Sant Eustache 0 5 1580
651 7 Mirabel 851 1365 1496 1651 1626 126 01 7 s
6917 St-Sauveur, Piedmont, Ste-Adéle, Morin-Heighs, St-Adolphe-d Howard, Ste 4

23 7 Mascouche
17

6447 Lomaine, Bois-des-Filion, Rosemere

6127 Uassomption, Saint Sulpice, Uépiphanie (1), Lépiphanie (P)

7 Pointe-Calume, Saint-Joseph-dur-Lac, Oka, Sainte-Marthe-sur-le-lac,Sain
6637 sainte-Sophie, Prévost, SaintHippolyte

621/ 7 Terrebonne  Lachenaie

641 7 Boisbriand

642 7 Sainte-Thértse

6817 Lachute, Browsburg-Chatham, Ssint André-dArgenteuil, Wentworth, Gore, 1
624 7 Terrebonne : La Plaine

6327 DewcMontagnes

601 7 Lavaltie, Lanoraie

6457 Sainte-Ame-des-Plaines

North Shore

Saint Jean-sur-Richeliey 658 0 2855 2645 2730 2905 2735 2920 3555 3800 3430 3068 2395 1785 1560 1440 1205 3032804 2270
Sainte-Catherine, Saint-Constant, Delson 7250 1426 1471 161 2036 25: 1025

Chiteauguay, Léry 2 1335 1165 590 8u0] 2175
Salaberry-de-valleyfield 0 1588 555 1421 1026 065 850 750 695 18956
Saint-Amable, sainte-lulie 3 18747

Notre-Dame-de-Ile-Perrot, Pincourt Terrasse-Vaudreuil, Lile-Perrot
Vercheres, Calixa-Lavallée, Varennes, Contrecoeur

Carignan, Chambly

Mont.Saint-Hilaire, Otterburn Park,Saint-Jean-Baptiste
Vaudreuil-Dorion, Vaudreul-sur-le-Lac, Lile-Cadieux

Beloel, Saint Mathieu-de-Beloell, McMastervile
Saint-Bruno-de-Montarville
Hudson, Saint Lazare.

Lapraire.

L du-ac Sint

Candisc
Saint-Basile-le-Grand

SaintEdovard, Saint: Michel,Saint-Rém), Saint Patice-de-Sherrington, S
Mercier, Saint sidore

Rivire-Beaudette, St-Polycarpe, St-Télesphore, St-Zotique, Ste-Justine-
Beauharnois

Richelieu, Ssint-Mathias-sur-Richelieu

South Shore

Rigaud, Pointe:Fortune.
Saint-Philippe, Saint-Mathieu
Sainte-Martine, Saint-Urbain-Premier

Figure 14- Visualisation of person 5 years cohorts with insufficient population for each municipality sector
regrouped by analytical region

CONCLUSIONS

Household travel survey is becoming more and more perilous when population behavior
representativeness has to be confirmed. In particular, household samples obtained by a
randomly selected residential phone list are subjected to under-representation of several
categories of peoples. Singles, seniors, young adults, affluent people are not easily reached
or ready to participate to a travel survey very often oriented to promote public transport.

Notwithstanding these difficulties, the paper has presented the application of an iterative
proportional fitting method to ensure proper similar weights to persons and trips belonging to
the same household. It ensures coherence and consistency in the enumeration of people
and trips. Based on well-known travel behavior categories of households (composition of
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persons of different age categories), several types of visualization have demonstrated where
and in which spatio-demographic areas the travel behavior estimates are statistically
sounded or not. Multiple other reasons independent of the survey original sample have also
to be examined: seasonality, adequacy of reference data, etc.

In context, this project constitutes the first step to a more serious investigation of special
biases due to factors such as: language, ethnicity, gender, income, mode insecurity, student
population, cell telephone, weather, etc....
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