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Abstract
The aim of the Canadian Vehicle Use Study (CVUS) was to measure various vehicle-related quantities
(such as vehicle-km traveled, passenger-km traveled, fuel consumption, speed, fuel consumption ratio,
etc.) at different national, provincial and rural/urban levels, and to provide estimates of these quantities to
the public, analysts and policy makers.

In this chapter, we present some of the highlights of the data collection and estimation procedures used
in the early stages of the CVUS (more information can be found in [1]).
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1. Introduction

The Canadian Vehicle Survey (CVS) was sponsored by
Transport Canada (TC) and Natural Resources Canada
between 1999 and 2009. The quarterly survey employed
a two-stage sample design: a sample of vehicles was se-
lected and then a period of travel within the quarter was
selected for each vehicle.

Vehicles were grouped into three categories: light vehi-
cles (passenger cars and light trucks/vans) and two types
of heavy vehicles, based on their gross vehicle weight
(GVW).

A paper questionnaire was then mailed out to the owners
of the selected vehicles, requesting that they record the
number of trips, distance driven, and fuel consumption
during the observation period.

The CVS was hampered by low participant response rates
over its duration (≈ 20%), caused in large part by the bur-
densome paper collection methods. The quality of the
estimates was also weakened by significant errors in the
way in which the on-road vehicle fleet was classified due
to mistakes in the Vehicle Identification Number (VIN)
decoding code.

As a result, TC decided to conduct a pilot Canadian Ve-
hicle Use Study (CVUS) to validate (or invalidate) the CVS
methodology and results. Improvements included

the use of electronic data loggers to reduce report-
ing burden;
the introduction of a more robust VIN decoder to
increase the accuracy of the in-scope fleet, and
a modified sampling design that incorporated addi-
tional strata to enhance the ability to carry out more
detailed analyses of motor vehicle use.
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Figure 1. Empirical density charts of estimated yearly distance travelled; CVS in blue, pilot project in red.

The pilot study was carried out in the 4th quarter of 2010
on n = 1011 light vehicles, selected via simple random
sampling (SRS) from a list of vehicles registered with the
Ministry of Transportation of Ontario (MTO) having an
address whose Forward Sortation Area (FSA) code was
associated with Ottawa and surrounding Ontario areas.

In order to evaluate the performance of the pilot CVUS,
vehicle-km traveled (VKT) tallies were compared against
corresponding CVS observations for the 4th quarter of 2009
(n= 1016).

The pilot CVUS was found to have a smaller number of
observations at low VKT values than the CVS, whereas that
trend was reversed at medium VKT values (see Figure 1).

The empirical means also seemed substantially different,
at xCVUS = 16,716 km/year vs. xCVS = 14,237 km/year,
although the high standard deviations sCVUS = 11,616
km/year vs. sCVS = 13, 844 km/year made for inconclusive
point comparisons.

Perhaps more importantly, the proportion of non-active
vehicle in the fleet was much higher for 2009 in the CVS
(8.7%) than it was for 2010 in the pilot CVUS (2.1%), and
the distribution ranges are quite dissimilar: down to 79,500
km/year in 2010 from 112,500 km/year in 2009.

In any event, a Kolmogorov-Smirnov test rejected the null
hypothesis that the two samples were drawn from the same
distribution at the 99.9% significance level.

The CVS project management team steadfastly refused to
update their survey in the face of this evidence, which gave
TC the impetus to go ahead with a full-fledge CVUS survey.

2. Obtaining the Data

The logger device records vehicle activity at one-second
intervals (e.g. distance, time, speed, fuel, etc.) directly
from the vehicle’s engine, while the touchscreen captures
the remaining trip questions:

Driver Age/Sex, # Passengers, Trip Purpose,
Fuel Information (see Figure 2).

2.1 Survey Frame
The survey frame consisted of motor vehicle registration
files provided by each jurisdiction, before the beginning
of a quarter in order to minimize changes of address and
maximize the accuracy of the fleet information.

All the cars and trucks with GVW below 4.5 metric tons
were used to define the CVUS survey frame, which excluded
some out-of-scope (OOS) vehicles:

motorcycles, trailers, cranes, buses, ambulances,
fire trucks, farm equipment, motorhomes, po-
lice cars, etc.

OOS vehicles were identified via the Polk VIN Decoder (the
company has since been acquired by IHS Markit) and other
information in the registration file (vehicle type, model year
and gross vehicle weight rating).

The VIN consists of a 17 character alpha-numeric code
for all vehicles whose model year is 1981 or newer (pre-
1981 vehicles use a different standard). The first eleven
characters define the make, model and other characteristics
of the vehicle while the last six digits uniquely identify each
vehicle.
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Figure 2. Main screen of electronic logger device [1].

2.2 Sampling Design and Data Collection
At the earliest stage of the CVUS, only 4 provinces were
participating, and 6,000 vehicles were selected per year,
allocated as follows:

2,000 each for Québec and Ontario, and
1,000 each for Manitoba and Saskatchewan.

The sample in each province was stratified by type of vehi-
cle and age category; the allocation was proportional to
the square root of the vehicle fleet size in the jurisdiction.

At the Canadian level, the estimated quarterly sam-
ple size (after non-response) was roughly 1,000, which
produced a global confidence level of 95% and a 3% coef-
ficient of variation, but this was not the case for each stra-
tum in a jurisdiction (although most small strata reached
satisfactory levels on an annual basis).

For each jurisdiction, the data collection process started
with an agreement with a province and the vehicle registra-
tion service. Once the sample was selected, the list of the
selected vehicles was sent to the province to get the contact
information of the vehicle’s owner.

Logistical Aspects A third party was hired to manage
all the communications with the selected vehicle owners.
Quarterly samples were spread randomly in 13 batches to
cover vehicle activities over the quarter.

The owners of selected vehicles were sent an official
letter from TC inviting them to participate in the survey,
and to respond via the TC website, by mail or through a
toll-free number in order to provide some basic information
about the vehicle and their drivers.

When it was impossible to contact the owner by mail, a
telephone matching procedure was used. Overall match-
ing rates were approximately 85%.

The third party sent the logger and cables to those vehicle
owners who agreed to participate, together with an infor-
mation kit and the start and end dates of their specific data
collection period.

From the initiation of a first contact with a vehicle owner,
it took an average of roughly 60 days (including the 21
survey days) to complete the data collection cycle.

Figure 3. Stratification structure.

Incentives were provided to guarantee the return of the
logger, including a detailed vehicle use report (compared
to other drivers) and the chance of a monetary rewards
in the form of monthly draws of $CDN1000 among those
participants who had returned their electronic loggers to TC.
In spite of this, a handful of loggers were lost each quarter.

2.3 Stratification
The sampling design was that of a nested stratified sample
survey. The stratification variables were selected from:

Jurisdiction
Urban/Rural [census metropolitan area, non-CMA]
Vehicle Type [passenger car (PC), light truck (LT)]
Vehicle Style [PC, pick-up truck/cargo van (PT/CV),
minivan (MV), sports utility vehichle (SUV)]
Vehicle Age [electronic loggers for newer vehicles,
socket loggers for older vehicles].

Schematically, the stratification in a given jurisdiction was
structured as in Figure 3. Within each stratum, the alloca-
tion was proportional to the vehicle fleet size. This design
allows for stratum aggregation (see Figure 4).
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Figure 4. Hierarchical strata can be aggregated to report on various combinations of variable levels. In this stratification tree, blue
arrows represent aggregation of vehicle styles, purple arrows represent aggregation of vehicle age categories, and red arrows represent
combined vehicle style and age aggregation.

3. Data Processing

Ultimately, the goal of the CVUS was to reach a quantitative
understanding of various characteristics for all vehicles in
the population.

The true population parameters (the mean µ, the variance
σ2, the quantiles qα, say) for a given characteristic x are
unknown, but they can be estimated by judiciously select-
ing units from the population, observing a value of x for
these units and using statistical sampling theory to provide
estimates.

In the context of the CVUS, the basic characteristics of
a vehicle’s activity for a given day were:

nTrips – the number of trips;
VKT – vehicle-kilometres of travel or distance traveled
by each vehicle in km;
PKT – passenger-kilometres (the product of VKT and
the number of individuals in the vehicle);
Use – the number of hours for which the engine was
turned on;
UseNI – the number of hours for which the engine
was turned on and not idling;
Fuel – the fuel consumed in litres.

Vehicles presented themselves as natural sampling units
since we had access to a good sampling frame consisting
of registered vehicles; households or drivers could also
have been used as units, but it was harder to obtain quality
sampling frames in those cases.

In the CVUS, the characteristics of interest were thus
observed for sampled vehicles.

At the rawest level, observations for x consisted of a mea-
surement of x for a specific vehicle over an interval of
roughly one second. Over such a small interval, it seemed
safe to assume that the observation is quite precise, (barring
a possible malfunction of the recording equipment).

Such precision comes at a price, however: 3 hours of
travelling corresponds to roughly 10,800 observations. For
a large number of vehicles, studied over weeks, the total
size of the observations quickly became prohibitive.

The obvious solution was to consider averages: for in-
stance, a vehicle travelling 200km over 10,000 seconds
travelled at the average speed of 0.02 km/sec.

Small scales can prove useful if we want to determine which
proportion of a trip was undertaken at speeds between two
given thresholds, for instance (more on this later).

Yet the scale of these observations undeniably leaves
something to be desired: a conversion table can easily show
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Table 1. Measured and derived characteristics collected by the logger. Characteristics at the vehicle, trip, and sub-trip levels are
categorical; measured and derived characteristics are numerical.

that the average speed of a vehicle which travelled 12.1m/s
is 43.56 km/h, but the two quantities do not have the same
power of evocation.

The permeating nature of the periodic day/night cycle in
human affairs suggested that aggregating the raw obser-
vations at the daily level would provide a good balance
between preciseness and ease of interpretation, at least for
the basic characteristics, for both actual study days and
active days of observation.

The rest of this section tackles the process of aggrega-
tion; the problem of transforming daily observations into a
single measurement for a given vehicle is described in the
last sub-section.

3.1 Importing and Editing Data
Observations were first collated at the trip-level. Each
record consisted of

vehicle identifiers: vehicle id, trip id, logger id;
stratum identifiers: province, vehicle type, vehicle
age, forward sortation area;
trip parameters: trip year, trip month, trip day, trip
start time, trip end time;
travel characteristics: purpose, driver age and gen-
der, number of occupants, trip length, type of day;
basic trip characteristics: VKT, PKT, Use, UseNI,
Fuel, and
basic sub-trip characteristics: VKT, PKT, Use, UseNI
and Fuel, cross-tabulated by engine temperature, ve-
hicle speed and period of day.

The allowed values of these characteristics are shown in
Table 1. Within the study period for each vehicle, days for
which it was not in use (non-active days) were added to
the dataset, under the assumption that all basic trip and
sub-trip characteristics took on the value 0 on these days.

3.2 Creating Daily Summaries
A problem arose for the first and last days of each study
period: as we do not know exactly when the electronic
logger was installed/uninstalled, we cannot a priori assume
that the basic trip characteristics recorded on these days are
complete. For instance, if the logger was installed at 10am
on a Monday, any driving occurring before 10am would not
have been recorded.

The first and last days of the study period should thus
not be weighed in the same manner as the other days.

The daily weight for vehicle i on a regular day was set
to wi

reg = 1 (because a full day’s worth of observations on
these days was worth one regular day of observations).

In order to determine the daily weights of the first and
last days, we proceeded as follows. For any vehicle i, let
bi

min (resp. bi
max) be the earliest start time (resp. latest end

time) amongst all trips by that vehicle (as a fraction of a
single day) over all days in the study period. The base
driving day for vehicle i is the interval

[bi
min, bi

max] ⊆ [0,1].

In practice, we allowed for the possibility that bi
max > 1: a

trip which started on a given calendar day but ended on

P.Boily (2014) 20



INTRODUCTION TO QUANTITATIVE CONSULTING CASE STUDY: CANADA VEHICLE USE STUDY

the following day had to be classified as occurring on a
single day. It was arbitrarily decided that the entire trip
would be recorded as having taken place on the start date.
In that case, the latest end time would actually be 1 +
length of the trip in the early morning of the second day.

Let αi (resp. ωi) be the earliest (resp. latest) recorded time
on the first (resp. last) day of the study.

The daily weight wi
first (resp. wi

last) is the proportion of the
base driving day occurring after αi on the first day (resp.
before ωi on the last day), that is

wi
first =

bi
max −αi

bi
max − bi

min

and wi
last =

ωi − bi
min

bi
max − bi

min

.

For instance, if, amongst all trips, the earliest start time was
0.3 and the latest end time was 0.9, and if the earliest start
time on the first day was 0.5 and the latest end time on the
last day was 0.6, then

wi
first =

0.9− 0.5
0.9− 0.3

=
2
3

and wi
last =

0.6− 0.3
0.9− 0.3

=
1
2

,

meaning that the observations on the first (resp. last) day
were weighed 2/3 (resp. 1/2) as heavily as observations
on regular days.

The observations were then aggregated at the day-level,
along the trip id’s. Each record consisted of:

vehicle identifier: vehicle id;
stratum identifiers: province, vehicle type, vehicle
age, forward sortation area;
trip parameters: year, quarter, month, day, numeri-
cal date, weekday, active day flag;
travel characteristics: purpose, driver age and gen-
der, number of occupants, trip length, type of day;
basic characteristics: daily weight, nTrips, VKT, PKT,
Use, UseNI, Fuel, and
basic sub-trip characteristics: VKT, PKT, Use, UseNI
and Fuel, cross-tabulated by engine temperature, ve-
hicle speed and period of day

The observations could have looked like those shown in
Table 2, for instance. Note the presence of non-active days
(those rows for which the number of trips is 0), as well the
daily weights on the first and last days for a given vehicle.

3.3 Rural/Urban Classification
The classification of a vehicle as belonging to either an ur-
ban or rural setting was done using the Forward Sortation
Area (FSA) portion of the postal code found in the registra-
tion file.1

1For privacy reasons, the full address was not available before a vehicle
has been selected.

Figure 5. Map of Ottawa-Gatineau with overlapping FSAs.

The most convenient way to do so was to use the Canada
Post system: an FSA is defined as rural if the digit in the
second position is a “0”, and as urban otherwise. There are
some issues with this approach, however.

For instance, New Brunswick changed its FSA codes
so that none of the province’s sortation areas would ever
be classified as rural, in spite of the obvious fact that New
Brunswick is not made up of urban areas.

Furthermore, FSA codes may change fairly frequently,
according to some arbitrary (at least, with respect to CVUS
aims) internal logic at Canada Post. There is a chance that
after such a change, a vehicle which would have been con-
sidered rural one day would suddenly be considered urban
the next yet be used in the same area in both instances.

Lastly, as we are were not privy to the internal logic that
allows the classification of FSAs, the possibility remained
that what would be considered rural in one jurisdiction
may prove to be urban in another, cancelling any effort to
provide estimates across jurisdictions.

An eventual solution to this conundrum could be to use
population and population density data in order to clas-
sify the FSA: any FSA with a given population above a
certain threshold and with a population density above a
certain threshold would be considered “urban”, all other
FSA, “rural”.

This approach had the obvious advantage of being a uni-
form definition across all jurisdictions and sub-regions, and
it avoided the pitfalls of random FSA classification changes
by Canada Post.

Another solution could have been to manually select those
FSA that intersect the boundaries of Census Metropolitan
Areas (CMA) or some other municipal regroupings. The
map displayed in Figure 5 showing the FSAs overlayed over
the CMA boundaries for Ottawa-Gatineau illustrates some
of the problems associated with this approach: the overlap
of FSAs with the CMAs boundary is not exact.
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Table 2. Summarized data at the daily level (in order to make the table more easily readable, “purpose” is the only retained trip
identifier retained, and the basic sub-trip characteristics are not shown).

Given that the thresholds mentioned in the approach above
would have needed to depend on how many (and which)
jurisdictions would join the CVUS line-up before it started,
it was decided that using Canada Post’s classification was
the most advantageous approach, in spite of its flaws.

3.4 Basic and Derived Characteristics
In the CVUS context, a derived characteristic was defined
as a characteristic obtained by multiplying or dividing two
or more basic characteristics. There was some ambiguity:
PKT could be considered a derived characteristic, as it is
obtained by multiplying VKT and the number of passengers;
however, given that the number of passengers was not a
basic characteristics, PKT was classified as a basic charac-
teristic instead.

The derived characteristics of a vehicle for a given day are
ratios of basic trip characteristics. Some of these derived
characteristics are more commonly recognizable under their
common names: distance per hour of use is simply the aver-
age vehicle speed, whereas distance per litre consumed is
the average fuel consumption ratio (after an appropriate
re-scaling).

The following convention was used: the derived char-
acteristic obtained by dividing the basic characteristic a by
the basic characteristic b is denoted by a_b.

Each derived characteristic had an associated daily char-
acteristic weight, which is simply the denominator in the
computation of the ratio (which would be b, above).

When the computation of a derived characteristic in-
volved a division by 0 (i.e., when the associated weight was
0), we set the derived characteristic to 0. For instance, if
on a given day the engine was started but the vehicle was
not driven, the daily fuel consumption per km travelled is
set to 0.

From 6 basic characteristics, 30 core derived character-
istics can be built. They are presented in Table 3. At the
subtrip-level, each of the variables was treated as a basic
characteristic. Strictly speaking, there was nothing to forbid
us from creating derived characteristics for these variables,
but it was deemed impractical to do so due to their sheer
quantity.

3.5 Observations, Accuracy, Precision, Meas. Error
Following the previous sub-sections, let us assume that for
a given vehicle j we had a series of i j daily observations of
the characteristic x j,1, . . . , x j,i j

, with accompanying weights
w j,1, . . . , w j,i j

6= 0 and daily weights v j,1, . . . , v j,i j
.2

2For basic characteristics, the daily weights and accompanying weights
are identical; for derived characteristics, they may not be.
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Table 3. Derived characteristics.

Write

z j =
i j
∑

k=1

w j,k, ξ j =
i j
∑

k=1

w2
j,k, d j =

i j
∑

k=1

v j,k,

ϕ j =
i j
∑

k=1

w j,k x j,k, ζ j =
i j
∑

k=1

w j,k x2
j,k.

The (weighted) sample mean of the daily observations is
thus

y j =
1
z j
ϕ j ,

while their (weighted) sample variance is

s2
j =

z j

z2
j − ξ j

i j
∑

k=1

w j,k(x j,k − y j)
2 =

z j

z2
j − ξ j

(ζ j − z j y2
j ).

Obviously, this is only well-defined for vehicles and charac-
teristics for which z2

j 6= ξ j .
3

We used the sample mean as the observation (or measure-
ment) of the characteristic x for vehicle j.

Clearly, the number of observations affects the accuracy
(how near the estimate is to the true value) and the pre-
cision (how small the variance of the estimate is) of the
sample mean as an estimate of the true mean.

If daily observations were available for every day in the
time period of interest (a quarter, say), we would be rea-
sonably certain that the sample mean is both very accurate
and very precise: in fact, the sample mean would be the
true mean of x for vehicle j in that case (assuming that all
measurement errors are nil).

3When some of the weights are not integers, z j is a generalization of
the number of observations in the computation of the sample mean, d j is
a generalization of the number of sampling days, while

z2
j − ξ j

z j

is a generalization of the degrees of freedom in the computation of the
unbiased sample variance.

At the other extreme, with a sole daily observation there
would have been no way to determine the accuracy and
precision of the sample mean as an estimate of the true
mean: the sample mean and the true mean could have
matched, but we would not have had enough information
to qualify (let alone quantify) that statement.

Theoretical Framework If n daily observations of the char-
acteristic x for vehicle j, each with weight w j,k = 1, were
drawn independently from an infinite population following
a distributionM j with mean µ j and variance σ2

j , then the
accuracy of the sample mean y j would be given by

A j = y j −µ j ,

while its precision would be measured by its variance

V (y j)≈
σ2

j

n
, for large n.

The Central Limit Theorem guarantees that A j , V (y j)→ 0
as n → ∞. In practice, however, the number of daily
observations is limited by the number of available days:
the variance must include a finite population correction
(FPC) factor 1− n

N .

This generalizes to the CVUS context as follows. Let N be
the number of days on which observations could have been
made. If i j daily observations of the characteristic x for vehi-
cle j, with accompanying weights w j,k and daily weights v j,k,
for k = 1, . . . , i j , are drawn independently and without re-
placement from a finite population following a distribution
M j with estimated mean µ̂ j and estimated variance s2

j , then
the precision of the sample mean y j = µ̂ j is estimated by

e2
j =

s2
j

d j

�

1−
d j

N

�

, if d j < N ,

and 0 otherwise. Note that for basic characteristics with
integer weights equal to their daily weights, the expression
above indeed collapsed to the classical result. 4

No measure of accuracy of the sample mean was pro-
vided as the only estimate of the true mean µ j available
was the sample mean y j itself, leading to Â j = 0 no matter
the sample size.5

4In practice, the assumption of independence was unlikely to be satis-
fied given that the sampling days necessarily occurred consecutively and
were thus liable to be positively correlated on some level.

However, over a longer collection period, and perhaps due to the nature
of the presumed dimorphism of driving behaviour between weekends and
weekdays, it was hoped that the assumption held at least approximately.

5Furthermore, we note that accuracy was more easily affected by faulty
or misused equipment than precision: constantly overshooting or un-
dershooting the true daily observations by the same additive factor, for
instance, would have introduced a bias in the accuracy, but not in the
precision.
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Consequently, the observation of the characteristic x for
a given vehicle j consisted of the sample mean y j , the
vehicle-characteristic weight z j , and the within-vehicle
error e2

j .
Thus, for each vehicle, there were 6 basic trip charac-

teristics × 2 (days, active days) + 30 derived trip charac-
teristics, for a total of 42 trip characteristics.

Sub-Trip Characteristics Similarly, the basic sub-trip char-
acteristics were simply the basic trip characteristics (except
for nTrips), tabulated across

4 engine temperature categories

– COLD: less than 80◦C
– WARM: 80◦C to 100◦C
– HOT: more than 100◦C
– UNK: unknown

6 period of the day

– before morning traffic
– during morning traffic
– between morning and afternoon traffic
– during afternoon traffic
– after afternoon traffic
– overnight

10 instantaneous speed categories

– idle
– 0 km/h to 5 km/h
– 5 km/h to 10 km/h
– 10 km/h to 20 km/h
– 20km/h to 30 km/h
– 30 km/h to 50 km/h
– 50 km/h to 80 km/h
– 80 km/h to 100 km/h
– 100 km/h to 120 km/h
– more than 120 km/h

There were thus 384 basic sub-trip characteristics for each
of the 5 basic trip characteristics other than nTrips, hence
1920 basic sub-trip characteristics in total.

The vehicle-level observations could have looked like those
shown in Table 4, for instance.

4. Estimation and Data Analysis

The schematics of the estimation and aggregation process
used by the CVUS team is shown in Figure 6: from the
raw observations, we built trip summaries, which were
then compiled into daily measurements, from which we ex-
tracted vehicle-level data, which were combined to provide
information at the stratum level, which were then further
aggregated into a jurisdiction estimate.

At each level, an observation consisted of a triple (y, z, e2)
corresponding to a point estimate, a weight, and a preci-
sion. How were those used to go up/down the stratifica-
tion tree, such as in Figure 7, for instance?

Figure 6. Estimation schematics for the CVUS.

4.1 Vehicle Information at the Stratum Level
For the given characteristic x , let us assume that m vehi-
cles were sampled in a given stratum with overall vehicle
population M . We then had a series of observations

(y1, z1, e2
1), . . . , (ym, zm, e2

m),

as described in Section 3.5.
In a manner reminiscent of that of Section 3.5, write

z =
m
∑

j=1

z j , ξ=
m
∑

j=1

z2
j , δ =

m
∑

j=1

z je
2
j ,

ϕ =
m
∑

j=1

z j y j , ζ=
m
∑

j=1

z j y2
j .

The estimate of the mean of x in the stratum is given by
the (weighted) sample mean of the observations y j:

y =
1
z
ϕ.

The estimate for the variance of x in the stratum is slightly
more complex than it was in Section 3.4: with perfect pre-
cision for each observation, only the (weighted) sample
variance in y j between the sampled vehicles would con-
tribute to the variance:

V̂b =
z

z2 − ξ

m
∑

j=1

z j(y j − y j)
2 =

z
z2 − ξ

(ζ− z y2).

Obviously, this is only well-defined for vehicles and charac-
teristics for which z2 6= ξ.

This between-vehicle contribution does not tell the whole
variance-story, however, as each of the measurements y j

comes with a measure e2
j of its own within-vehicle uncer-

tainty:

hatVw =
z

z2 − ξ

m
∑

j=1

z je
2
j =

z
z2 − ξ

δ.

It was reasonable to further assume that precision errors
are independent of one another from vehicle to vehicle.
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Table 4. Summarized data at the vehicle level (in order to make the table more easily readable, “purpose” is the only retained trip
identifier retained, and the basic sub-trip characteristics are not shown).
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Figure 7. Hierarchical results of the CVUS. Strata can be aggregated to report on various combinations of variable levels (compare
with Figure 4).

The total (weighted) sample variance of the observations
over the stratum was then estimated by

s2
Y = V̂b + V̂w =

z
z2 − ξ

(ζ− z y2 +δ).

In order to provide an estimate for s2
Y

(the sample variance
of the mean y over the stratum), we keep in mind that both
the number of sampled vehicles and the precision of their
respective estimate affected the accuracy and precision of
the sample mean y as an estimate of the true mean for the
characteristic x at the stratum level.

Following the Central Limit Theorem argument presented
in Section 3.5, we estimated the stratum variance for the
sample mean y in the stratum by

s2
Y
≈

V̂b

m

�

1+
m
M

�

+
V̂w

m
≈

s2
Y

m

�

1+
m
M

�

, when m� M .

When observations are available for each of the stratum
vehicles, the precision of the sample mean as an estimate
of the true mean is precisely that of the individual observa-
tions, which explains the finite population correction term
in the “between” component of s2

Y
.

There is no such factor for the “within” component since
its uncertainty goes to 0 with the number of sampling days,
not with the number of sampled vehicles. However, the
FPC is approximately equal to 1 when m� M , and so we
assumed that s2

Y
took the classical form in our case.

In the `th stratum, the characteristic x was thus described by
the stratum mean x` = y , the estimated variance of the
stratum mean s2

X `
= s2

Y
and the stratum weight M` = M .

In each stratum, the coefficient of variation cv(µ`) was
obtained by dividing the standard deviation of the stratum
mean by its mean:

cv(µ`) =
σµ`
µ`
≈

sX `

x`
= Òcv(µ`).

Confidence intervals (CI) were then easy to compute: an
(1−α)% confidence interval for µ` was approximated by

CI1−α(µ`) = x` ± zαx`Òcv(µ`),

where zα represents the (1−α/2)th percentile of the stan-
dard normal distribution.

4.2 Combining the Strata
For the characteristic of interest x , let us assume that vehi-
cles were selected in k strata with stratum statistics

(x1, s2
X 1

, M1), . . . , (x k, s2
X k

, Mk),

as described in Section 4.1. Write

M =
k
∑

`=1

M`, φ =
k
∑

`=1

M`x`, and S =
k
∑

`=1

M2
` s2

X `
.

The estimate of the true mean of x over all strata was
given by the (weighted) sample mean of the stratum
means x`:

x =
1
M
φ,

and the estimate for the variance in x over all strata was
then obtained using the formulas of stratified sampling [4]:

s2
X
=

1
M2

k
∑

`=1

M2
` s2

X `
=

1
M2

S.
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4.3 Combining Quarterly Results
Observations were gathered at the quarter level; in order to
be able to say something about longer time periods was to
pool the results of available quarters, as CVUS end users did
not have access to raw/daily results (had they had access,
they could simply have re-run the estimation procedure of
Section 3.5 with a modified N to account for custom time
periods).

For the characteristic of interest x , let us assume that es-
timates were available in b distinct quarters with quarter
statistics

(x1, s2
X 1

,∂1), . . . , (x b, s2
X b

,∂b),

as described in Section 4.1, with ∂β being the number of
days in quarter β . Write

∆=
b
∑

β=1

∂β , η=
b
∑

β=1

∂β xβ , and ρ =
b
∑

β=1

(∂β − 1).

The estimate of the true mean of x over all quarters was
given by the (weighted) sample mean of the quarter
means xβ :

x =
1
∆
η,

and the estimate for the pooled variance in x over all
quarters was then:

s2
X
=

1
ρ

b
∑

β=1

(∂β − 1)s2
X β

.

5. Results for Ontario (Q1, 2012)

The (unofficial) results for Ontario during the first quarter
of 2012 are shown in Tables 5 to 9.

Vehicle and trip characteristics are provided in Table 5,
a stratification tree in Table 6, and sub-trip characteristics
in Table 7.6

Various charts (of middling quality, see the Data Visu-
alization chapter for remedial measures) are available in
Tables 7 and 9.

The quality of the estimates was qualified with the help
of the coefficient of variation, using the Statistics Canada
standard [4]:

a: less than 5% (excellent)
b: between 5% and 10% (good)
c: between 10% and 15% (acceptable)
d: between 15% and 20% (use with caution)
e: between 20% and 35% (unreliable)
f: more than 35% (unusable)

6Values in columns may not add up or average (weighted) exactly to
the corresponding column header due to to round-off errors.

The vehicle age stratification levels corresponded to

0 TO 3: 3 years old and younger
4 TO 8: between 4 and 8 years old
9+: 9 years old and older with model year post-1995
OLD: model year between 1981 and 1995
V.OLD: model year pre-1981

The estimates provided in the driver age and gender cate-
gories are vehicle characteristics, not driver characteristics.

Without further information on the distribution of drivers
in a given jurisdiction (by age and gender), the estimates of
the basic characteristics (nTrips, VKT, PKT, Fuel, Use, UseNI)
cannot be used to predict the average driving behaviour
of various combinations of driver age and gender for that
jurisdiction.

6. Conclusion

The CVUS ran for 3 years, from 2012 to 2014. A sister
study, the Heavy Duty Vehicle Use Study also ran in 2014.
Official results can be found in [2].

Consulting Post-Mortem The original CVS management
team was steadfast in its refusal to update their survey
methodology, dismissing TC’s technical abilities and do-
main expertise; consequently, a fair amount of “anger” and
organizational strife was directed at TC for not renewing
the CVS. TC suspected that this lead to only a fraction of
the 13 Canadian provinces and territories joining the CVUS.

A number of sampled drivers had privacy concerns related
to electronic recording devices, in regards to recorded data
being used to establish speeding or liability in the event of
a collision [3]; consequently, there were doubts, internally,
about the representativeness of the sample.

A small number of electronic loggers were not returned,
which added to the unexpected costs of running a large-
scale study. Additionally, the local post office had not been
warned and was not prepared to handle the high volume
of loggers being sent and returned on a monthly basis.

Finally, there was a high turnover in third party telephone
agents who were tasked with contacting the sampled drivers.
The cost of continually training inexperienced agents was
another unexpected expense.
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Table 5. Results for Ontario (Q1, 2012), part I.
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Table 6. Results for Ontario (Q1, 2012), part II.
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Table 7. Results for Ontario (Q1, 2012), part III.
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Table 8. Results for Ontario (Q1, 2012), part IV.
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Table 9. Results for Ontario (Q1, 2012), part V.
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