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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
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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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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 Xcyus = 16,716 km/year vs. Xqyg = 14,237 km/year,
although the high standard deviations sqyys = 11,616
km/year vs. scyg = 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.

PBoily (2014)

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.

0O0S 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.

PBoily (2014)
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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 u, the variance
o2, the quantiles g%, 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.

PBoily (2014)

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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Vehicle
Age Vehicle Style Vehicle Type Length Characteristics Basic Characteristics Derived Characteristics
0TO3 PASSENGER CAR PASSENGER CAR Number of Study Days Daily Number of Trips Fuel Consumption Ratio (L/100km)
4708 MINIVAN LIGHT TRUCK Number of Active Days Daily Vehicle km Traveled Idling Ratio
=20 PICKUP/CARGO Daily Passenger km Traveled Average Vehicle Occupancy
Suv Daily Fuel Consumption (L) Average Speed (km/h)

VEHICLE characteristics
(strata)

Daily Driving Time (h)
MEASURED and DERIVED

characteristics

Average Trip Length (km)
Average Trip Duration (min)

TRIP characteristics

SUB-TRIP characteristics

Driver Driver . Type of . . Engine
Purpose Number of Passengers  Trip Length Speed Idling Type Time of Day
Gender Age Day Temperature
UNKNOWN UNKNOWN UNKNOWN DRIVER ONLY Okm WORKDAY IDLING NOT IDLING EARLY (06:00-08:59) COLD (< 50°C)
WORK/BUSINESS FEMALE 16-24 DRIVER & 1 PASSENGER 1kmTOS5km RUIZ4E] 1km/hTO 24 km/h  IDLING DURING TRIP MORNING (09:00-11:59) WARM (50°C to 80°C)
SCHOOL/DAYCARE P2 L0 DRIVER & 2+ PASSENGERS [ CR U RUL ) 25km/hTO 49 km/h | TRIPSTARTIDLING  MIDDAY (12:00-14:59) HOT (> 80°C)
45-64 11 km TO 15 km 50 km/h TO 79 km/h AFTERNOON (15:00-17:59) NO DATA

65+ 16 km TO 20 km
21 km TO 30 km

31 km TO 50 km

LEISURE/FAMILY/FRIENDS
COMMUNITY SERVICE

51 km TO 100 km
100+ km

80 km/h TO 99 km/h
1060 km/h TO 118 km/h

EVENING (18:00-20:59)
NIGHT (21:00-05:59)

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.

PBoily (2014)

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 wieg =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
b:nin (resp. b:nax) 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

[blinin’ binax] S [O’ 1]
In practice, we allowed for the possibility that inn D

trip which started on a given calendar day but ended on

20
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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 a; (resp. w;) be the earliest (resp. latest) recorded time
on the first (resp. last) day of the study.

The daily weight wgm (resp. wfast) is the proportion of the
base driving day occurring after a; on the first day (resp.
before w; on the last day), that is

i
bmax a;

_ bi ) last — bi

i —
Whirst = bi
max min max 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 = 09-05 _2 and W
fist = 0.9-03 3

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.!

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

PBoily (2014)
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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.

21
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active R |
vid| prov | type age |fsa |year|gtr et dayi date ol daytype | day s da.llv nTrips| VKT PKT 5Use!24 UseNI/ Fuel
h day flag cod |weight 24
2 [35_0ON;02 _LT}02_ NEWK8N|2011! 3 | 8 |14 ;18853  Sun {WeekEnd{ 1 0 0.963 1 0 0 0.0006 0; 0.046)
2 [35_0ONj{02 _LT{02_NEW{K8N|2011{ 3 | 8 14 {18853 ' Sun {WeekEnd{ 1 1 0.963 0 0 0] 0 0 0
2 [35_0ON{02_LT{02_NEWK8N|2011} 3 | 8 ;14 {18853’ Sun {WeekEnd{ 1 2 0.963 0 0 0} 0 0 0
2 [35_0ON;{02_LT{02_NEW|K8N|2011{ 3 | 8 |14 {18853 Sun {WeekEnd{ 1 3 0.963 0 0 0 0 0 0
2 [35_0ON;02_LT;02_NEW;K8N|2011}{ 3 | 8 14 ;18853  Sun {WeekEnd{ 1 4 0.963 0 0 of 0 0 0
2 |35 ON{02 LTi02 NEW/K8N|2011! 3 | 8 |14 {18853 ' Sun {WeekEnd{ 1 5 0.963 0 0 0 0 0 0
2 [35_0ON;02_LT{02_NEW{K8N|2011{ 3 | 8 1518854/ Mon |{WorkDay; 1 0 1 0 0 0 0 0 0
2 |35_0ONi{02_LT{02_NEWK8N|2011} 3 | 8 |15 {18854 Mon | WorkDay{ 1 1 1 1 6.266, 6.266; 0.0083! 0.0065; 0.798
2 [35_0ON;02_LT{02_NEW|K8N|2011}{ 3 | 8 |15 ;18854 Mon | WorkDay:{ 1 2 1 0 0 o 0 0 0
2 [35_0N;02_LT;02_NEWK8N|2011} 3 | 8 |15 ;18854 Mon | WorkDay! 1 3 1 0 0 U 0 0 0
2 [35_0ONj02_LT{02_NEWK8N|2011] 3 | 8 |15 {18854 Mon | WorkDayi{ 1 4 1 7 1299.131 588.919; 0.2124] 0.1981} 27.610)
2 |35 ON; 02 LTi02 NEW!K8N|2011! 3 | 8 |15 ;18854 Mon |{WorkDay: 1 5 1 0 0 o 0 0 0
2 |35_ON{02_LT{02_NEW{K8N|2011] 3 | 8 |16 {18855/ Tue |WorkDay{ 0O 0 1 0 0 0 0 0 0
2 |35_0ON;02_LT{02_NEW{K8N|2011{ 3 | 8 |16 ;18855 Tue |{WorkDay; 0O 1 1 0 0 0 0 0 0
2 [35_0ON;{02_LT{02_NEWK8N|2011} 3 | 8 |16 :18855 Tue |{WorkDay! 0O 2 1 0 0 0; 0 0 0
2 |35_0ON;02_LT{02_NEW K8N|2011; 3 8 16 {18855 Tue |{WorkDay; O 3 1 0 0 D Q0 0 0
2 |35_0ON}!02_LT!02_NEW!K8N|2011; 3 8 16 {18855, Tue {WorkDay; O 4 1 0 0 D a 0 0
2 |35 ON{02 LTi02 NEW/K8N|2011i 3 | 8 |16 {18855/ Tue |WorkDayi 0O 5 1 0 0 o| 0 0 0
2 [35_0ONj02_LT{02_NEWK8N|2011} 3 | 9 | 4 {18874 Sun |{WeekEnd{ 1 0 0698 | 2 44.076 44.0765 0.0323] 0.0302] 3.954]
2 |35_0ON;02_LT;02_NEW K8N|2011; 3 9 4 118874 Sun {WeekEnd: 1 1 0.698 0 0 D a 0 0
2 |35_0ON{02_LT|02_NEW!K8N|2011; 3 9 4 118874 Sun {WeekEnd; 1 2 0.698 0 0 D o} 0 0
2 [35_0ON;02_LT{02_NEWK8N|2011{ 3 | 9 | 4 {18874 Sun {WeekEnd{ 1 3 0698 0 0 U 0 0 0
2 [35_ONi{02_LTi02_NEWK8N|2011! 3 | 9 | 4 {18874 Sun {WeekEnd! 1 4 0698 | 0 0 0 0 0 0
2 |35 ONj02 LT{02 NEW[K8N|2011{ 3 | 9 | 4 {18874 Sun {WeekEnd{ 1 5 06981 0 0 o} 0 0 0
3 [35_0ON;01_PC;02_NEW;K1C|2011} 3 | 8 |15 ;18854 Mon | WorkDay! 1 0 0.985 0 0 U 0 0 0
3 |35_0N{01_PC{02_NEWK1C|2011; 3 8 15 {18854 Mon | WorkDay 1 1 0.985 0 0 D a 0 0
3 [35_0ON:01_PCi02_NEWK1C|2011] 3 | 8 |15 :18854; Mon | WorkDay; 1 2 0.985 0 0 U 0 0 0
3 [35_0ONi{01_PCi02_NEW|K1C|2011} 3 | 8 |15 {18854 Mon | WorkDay{ 1 3 0.985 1 11.058 11.058§ 0.0158{ 0.0098; 1.394
3 [35_ONi01_PCi02_NEW{K1C|2011; 3 | 8 | 1518854 Mon | WorkDay; 1 4 0.985 2 15.022 30.04-45 0.0219; 0.0144; 1.759|
3 [35_ON:01 PCi02 NEW;K1C|2011! 3 | 8 |15 :18854' Mon | WorkDay{ 1 5 0.985 0 0 ol 0 0 0

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.

PBoily (2014)

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 O (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; daily observations of
the characteristic x; 1, ..., X Jig with accompanying weights

. . 2
Wi # 0 and daily weights v; ;,...,v

Wj,l""’ j,ij'

2For basic characteristics, the daily weights and accompanying weights
are identical; for derived characteristics, they may not be.
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per hour of
use (km/h)
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hour of use
(km/h)

trips per hour
of use (h?)

passenger km
per hour of
non-idling use
(km/h)
passenger km
per litre

trips per hour distance per
of non-idling hour of non-
use (h?) idling use (km/h)

ratio of use to
non-idling use

distance per

) idli
) hours per litre non-idling
litre

hours per litre
(h/1)

(km/L) kL) (h/1)

Table 3. Derived characteristics.

trips per litre
)

Write
i g g
_ _ 2 _
=Y wie =0, di=> v
k=1 k=1 k=1
i g
L= W: . X; C = w. x2
Pj kXl Gj kX5 ke
k=1 k=1

The (weighted) sample mean of the daily observations is

thus
1

Yi= ;j‘P s
while their (weighted) sample variance is

i
Z; ! 2.
2 J 2 J 2
i =5 Wj,k(xj,k_y]‘) 22—(§j—ZjJ/-)-
o =8 E 27 —¢; !
Obviously, this is only well-defined for vehicles and charac-
teristics for which z}2 #&;.°

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; is a generalization of
the number of observations in the computation of the sample mean, d; is
a generalization of the number of sampling days, while
2
Zj
is a generalization of the degrees of freedom in the computation of the
unbiased sample variance.
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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;; =1, were
drawn independently from an infinite population following
a distribution .#; with mean u; and variance (7]2, then the
accuracy of the sample mean y; would be given by

Aj=Yy;—Uj,

while its precision would be measured by its variance

- N

O.J

for large n.

The Central Limit Theorem guarantees that A;, V(y;) — 0
as n — oo. 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— §.

This generalizes to the CVUS context as follows. Let N be
the number of days on which observations could have been
made. If i; daily observations of the characteristic x for vehi-
cle j, with accqmpanying we.ights w; i and daily weights v;
for k=1,...,i;, are drawn independently and without re-
placement from a finite population following a distribution
M ; with estimated mean (i; and estimated variance s]?, then
the precision of the sample mean y; = (i; is estimated by

2
s d:
2_J (12 if d.
e; = 4 (1 N)’ ifd; <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. *

No measure of accuracy of the sample mean was pro-
vided as the only estimate of the true mean y; available
was the sample mean y; itself, leading to Aj = 0 no matter
the sample size.®

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.

SFurthermore, 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;, the
vehicle-characteristic weight z;, and the within-vehicle
error e2.

Thus, for each vehicle, there were 6 basic trip charac-
teristics x 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
- Okm/h to 5 km/h
- 5km/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?
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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

(ylszl’ e%): LR} (.ym’zm’ erzn))

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

j=1 j=1 j=1
m m
— _ 2
‘P—E 2iYj, C—E 2y
j=1 j=1

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

_ 1
y=-o.
Z

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; between the sampled vehicles would con-
tribute to the variance:

U= g om0y =7) = (€ =)

j=1

Obviously, this is only well-defined for vehicles and charac-
teristics for which 22 # &.

This between-vehicle contribution does not tell the whole
variance-story, however, as each of the measurements y;
comes with a measure e}z, of its own within-vehicle uncer-
tainty:

m

__3% 2_ %
hatV,, = 22_522]-6]. = 22_56.
j=1

It was reasonable to further assume that precision errors
are independent of one another from vehicle to vehicle.
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: : i i i VKT Fuel Fuel
: ! § week ipurpose | data | nTrips nTrips nTrips | VKT VKT Fuel
vid | prov e e urbrural ! fsa da + dail UseNI UseNI
prov ; typ a8 day VOPE & d | type |dailywt daily dailye2: %Y  daily dailye2 UseNI
Powt wt a2
2 |35 ON:02 LT: 02 NEW {02 URBAN {K8M |99 ALL (999999 ALL 999 16 21618 3.806 0.271: 21.618 60.620 279.483 19.803 6.856 0.134
21035 ON:01 PC:01 NEWEST:02 URBAN :(K2M|99 ALL 1999399 ALL 999 16 24572 6743 0.353: 24.572 72.417 45.269 34718 4.791 0.009]
2 |35_ON:02_LT: 02_NEW ;02 URBAN ;K8N |99_ALL 999999 ALL 0 17 21.618 3.436 0.2615 21.618 46.493 174.464 14.863 7.209 0.204
2 |35_0ON:02_LT: 02 _NEW :02 URBAN :K8N |99 ALL 999999 ALL 1 17 21.618 0.046 0.002; 21.618 0.290 0.065 0.000 0.000 0.000
2 |35_0ON:02_LT{ 02_NEW {02_URBAN |K8N |99 _ALL 999999 ALL 2 17 21618 0.000 0.000: 21.618 0.000 0.000 0.000 0.000 0.000
2 |35_0ON:02_LT: 02 _NEW :02 URBAN :K8N |99 ALL 999999 ALL 3 17 21618 0.000 0.000: 21.618 0.000 0.000 0.000 0.000 0.000
2 |35_0ON:02_LT: 02 NEW :02 URBAN K8N |99 ALL 999999 ALL 4 17 21618 0.324 0.081; 21.618 13.837 148.002 0.000 0.000 0.000
2 |35 ON:02 LT: 02 NEW :02 URBAN:K8N |99 ALL 1999999 ALL 5 17 21,618 0.000 0.000: 21.618 0.000 0.000 0.000 0.000 0.000
210 {35_ON |01_PC;01_NEWEST 02 _URBAN K2M|[99 ALL 999999 ALL 0 17 24572 0.857 0.032: 24.572 2.561 0.733 1424 5.592 0.840
210 |35_ON:01_PC:01_NEWEST:02_URBAN :K2M |99 ALL 1999399 _ALL 1 17 24,572 3.744 0.2043 24.572 43.541 30.654 19.568 5.064 0.014
210 (35_ON:01_PC:01_NEWEST 02_URBAN {K2M|[99_ALL 999999 ALL 2 17 24572 0.000 0.000: 24.572 0.000 0.000 0.000 0.000 0.000
210 |35_ON:01_PC:01_NEWEST:02_URBAN :K2M |99 ALL 1999399 _ALL 3 17 24572 0.615 0.078: 24.572 3.947 4.402: ... 2744 4.021 0.063
210 |35_ON ;01_PC;01_NEWEST 02_URBAN K2M|99_ALL 999999 ALL 4 17 24572 1486 0.108: 24572 21948 32.880; ... : 10.753 4.393 0.038]
21035 ON:01 PCi01_NEWEST:02 URBAN K2M|99 ALL 1999999 ALL 54 17 24,572 0.041 0.001: 24.572 0.420 0.131 0.000 0.000 0.000
2 [35_ON:02_LT: 02_NEW :{02_URBANK8N |99 ALL |01 WorkDay 999 20 15.000 3.933 0.414: 15.000 59.516 455.729 14.077 6.488 0.175
2 |35 ON:02 LT: 02 NEW (02 URBAN:K8M |99 ALL |02 WeekEnd:@ 999 20 6,618 3.516 0.927: 6.618 63.124 810.123 5726 7.762 0.582]
210|35_0ON:01_PC:01_NEWEST:02_URBAN ;K2M|(99_ALL 01_WorkDay ;: 999 20 17.053 6.454 0.599; 17.053 69.336 68.974 i 22296 4.936 0.011
210 |35 ON:01 PC:01_NEWEST:02 URBAN iK2M|[99 ALL 02 WeekEnd 999 20 7.519 7.399 0.807: 7.519 79.404 147.010 12.422 4.530 0.037
2 |35_0N:02_LT: 02_NEW :02_URBAN:K8N [99_ALL 01 _WorkDay 0 21 15.000 3.400 0.395: 15.000 39.156 219.846 9.166 6.864 0.360
2 35_0N'02_LT' 02_NEW ':OZ_URBAN K8N |99_ALL |02_WeekEnd : 0 21 6.618 3.516 0.927! 6.618 63.124 810.123 5726 7.762 0.582
2 [35_0ON;02_LT; 02_NEW {02_URBAN {K8N |99 ALL |01_WorkDay : 5 21 15.000 0.000 0000 15.000 0.000 0.000 0.000 0.000 0.000
2 |35 ON:02 LT: 02 NEW :02 URBAN:K8N |99 ALL 02 WeekEnd 5 21 6.618 0.000 0.000: 6.618 0.000 0.000 0.000 0.000 0.000
210 |35_ON :01_PC:01_NEWEST;02_URBAN |K2M[99_ALL 01_WorkDay 0 21 | 17.053 0.707 0.043: 17.053 3.069  1.335 1198 5.773 1.082|
210 |35_ON:01_PC:01_NEWEST:02_URBAM (K2M|99_ALL 02_WeekEnd 0 21 7.519 1.197 0.123: 7.519 1.408 1.098 0.227 4.637 1.577
210 |35_ON:01_PC:01_NEWEST:02_URBAN |K2M|[99_ALL |01_WorkDay 5 21 17.053 0.000 0.000; 17.053 0.000 0.000 0.000 0.000 0.000
210 |35 ON:01 PC:01_NEWEST:02_URBAN (K2M|[99 ALL 02 WeekEnd 54 21 7.519 0.133 0.013! 7519 1374 1.388 0.000 0.000 0.000
2 |35_0N:02_LT: 02 _NEW :02_URBAN :K8N |01_Mon 999999 ALL 999 24 3.000 6.667 0.370: 3.000 112.679 7738.282 5886 5.510 0.187
2 |35 ONi02 LT! 02 NEW (02 URBAN !K8N |07 Sun 999999 ALL 999 24 3.618 2.009 0.158: 3.618 14.719 63.106 1325 4.989 0.270
210 |35_ON:01_PC;01_NEWEST:02_URBAN :K2M|01_Mon 999999_ALL 999 24 4.000 6.750 5.797; 4.000 89.292 689.010 6.580 4.771 0.016
210 |35 ON:01 PC:01_NEWEST:02 URBAN (K2ZM|07 Sun 999999 ALL 999 24 4.000 6.500 1688 4.000 71.602 329.549 6.091 4.129 0.010
2 35_DN'02_LT' 02_NEW ':DZ_URBAN K8N |01_Mon [999999_ALL 0 25 3.000 4.000 3.333: 3.000 10.880 25.424 0976 4.124 0.005
2 |35_0ON:02_LT: 02 _NEW :02_URBAN :K8N |02 Tue 1999999 ALL 0 25 3.000 1.667 1.204! 3.000 29.891 744.269 1378 6.158 1.026
2 |35_0ON:0Z2_LT: 02 _NEW :02 URBAN :K8N |06 Sat 999999 ALL 5 25 3.000 0.000 0000 3.000 0.000 0.000 0.000 0.000 0.000
2 |35 ON:02 LT: 02 NEW :02 URBAN :K8N |07 Sun 999999 ALL 5 25 3.618 0.000 0.000° 3.618 0.000 0.000 0.000 0.000 0.000
210 |35_ON:01_PC:01_NEWEST:02_URBAN |K2M|01_Mon 1999399_ALL 0 25 4.000 0500 0.063: 4.000 0.008 0.000 0.007 5.616 29.448
210 (35_ON:01_PC:01_NEWEST:02_URBAN ;K2M|02_Tue 999999 ALL 0 25 4.000 0750 0.172] 4.000 3.270 3.388 0332 4410 0.043
210 {35_ON {01_PC:01_NEWEST 02_URBAN K2M|06_Sat 999999 ALL 5 25 3.519 0.284 0.062; 3.519 2.935 6.619 0.000 0.000 0.000
210 35_0N501_FC§01_NEWEST‘02_URBAN K2M|07_Sun 1999399 _ALL 54 25 4,000 0.000 0.000: 4.000 0.000 0.000 0.000 0.000 0.000

Table 4. Summarized data at the vehicle level (in order to make the table more easily readable,

identifier retained, and the basic sub-trip characteristics are not shown).

PBoily (2014)

“purpose” is the only retained trip
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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

>

2=V, + V= 5 ( —27 +5).

z22=&
In order to provide an estimate for 5% (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

s 2
V., ~ Sy

siw%(1+%)+z -

(1 + E), when m < 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.

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 s% took the classical form in our case.

In the ¢ stratum, the characteristic x was thus described by

the stratum mean x, =y, the estimated variance of the
stratum mean s> =s2 and the stratum weight M, = M.
t
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In each stratum, the coefficient of variation cv(u,) was
obtained by dividing the standard deviation of the stratum
mean by its mean:

o X —
o) = = & == = (uy).
U Xy
Confidence intervals (CI) were then easy to compute: an
(1 — a)% confidence interval for u, was approximated by

Cl_o(e) =X £ 2,%,0(uy),

where gz, represents the (1 — a/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

(Yl:sjz?l:Ml)’ s (fk’s)%-k’Mk)’

as described in Section 4.1. Write

k k k
M=>'M, ¢=> MZX, and S:ZM}%.
(=1 (=1 (=1

The estimate of the true mean of x over all strata was
given by the (weighted) sample mean of the stratum
means X;:
1
xX=—0,
i o
and the estimate for the variance in x over all strata was

then obtained using the formulas of stratified sampling [4]:

k
1 1
s2=— > M2 S.

N %, M2

26



INTRODUCTION TO QUANTITATIVE CONSULTING

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

(Yl!s)%lya])y' ")(fbys)z?b)ab)y

as described in Section 4.1, with dy being the number of
days in quarter f3. Write

b b b
A=35, n=. 9%, and p= > (d—1).
p=1 p=1 B=1

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

-1

X = An)
and the estimate for the pooled variance in x over all
quarters was then:

b
1
5}2? = P Z(aﬁ - 1)5}%.
p=1

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.°

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)

= ¢: 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.
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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+4: 9 years old and older with model year post-1995
= OLD: model year between 1981 and 1995

= VOLD: 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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Ontario 7,176,462 | 873 | 21.8 | 188 | 47°| 46.9° [ 7587 | 5.4°] 1.09°| 113°[228%° | 16°] 429°| 9.8°[ 137°

0TO3 1,812,892 | 198 | 215 | 19.4 53° 562° | 91.7° 63° 1.28° 11.1°% |23.4%*° 16° | 437° 106 * 145°
2,725,830 | 373 | 22,5 | 189 49° 462°% | 76.1° 53° 1.09° 11.4° 122.5%* 17%| 425° 95°? 134°
2,637,740 | 302 | 214 [ 183 43° 412° | 646" 48° 0.96 ° 1149 (22.8%* 16° | 427° 9.6° 135°

PASSENGER CAR 3,869,086 | 445 [ 213 | 187 | 46° | 4642 | 7132 | 43°| 105°| 9.2°[216%° 15° | 440° | 100° | 1372
MINIVAN 823,659 | 116 | 21.7 | 19.1 52° | 487°| 97.8° 68°| 1.24°| 134°|256%° 20° | 393° 94°| 144"
PICKUP/CARGO 985,411 | 114 | 235 | 18.0 46° | 459°| 69.7° 75°| 1.02°| 161" |235%° 15°| 440° 98°| 132°
Suv 1,498,306 [ 198 | 221 | 195] 50°| 477" | 794°| 60| 1167 | 125° [24.0%° 17°| 414°| 95°| 13.8°
884,661 | 85 | 22.0 | 20.0 52° | 544" | 858° 48° | 124" 88° |22.8%° 16° | 43.7° | 105° | 144°
1,436,536 | 194 | 213 | 18.6 46° | 465°| 730° 43°| 1.04° 9.2% (20.8%* 16° | 446° | 101° | 1362
1,547,889 | 166 [ 21.0 | 18.0 43° | 417°| 615° 40°| 095° 9.4° (21.6%* 15| 437° 9.7%| 134°

PASSENGER CAR

120,245 | 19 | 204 | 181 | 52°| 523°| 99.8°| 80°| 129°¢| 144°(271%°| 19°| 406°| 101°| 149°
333,795 | 45 | 22.0 | 19.5 58° | 475¢| 941° 68¢| 127¢| 139° |25.4%° 20° | 372° 82"° | 132°¢
369,619 | 52 [ 218 | 19.1| 46" | 486°[1005°| 64°| 1.29°| 125°|253%°| 21°| 407°| 104°| 153°

MINIVAN

VEHICLE TYPE AND AGE

251,869 27 | 206 | 18.0 589 711°|1144°| 108°¢ | 1459 | 152¢|215%¢ 169 | 4879 | 121¢| 149¢
358,410 | 45 | 29.0 | 19.7 47°| 43.7°| 688° 75°| 102°| 167°|23.2%° 16° | 431° 93°| 130°
PICKUP/CARGO 375,132 | 42 | 202 | 163 36° | 311¢| 407¢ 53¢| 075¢| 162" [25.2%" 13°| 418° 86| 124°

556,117 | 67 | 21.4 | 19.2 52° | 53.1°| 89.1° 64°| 126°| 120° |243%"° 17° | 422° | 102° | 145°
597,089 | 89 | 21.7 | 19.0 51| 461®| 781° 57°| 115° | 122° |24.4%° 17| 403° 9.0°| 134°
345,100 | 42 | 238 | 208 | 45°| 421°| 659°¢ 59°| 1.00°| 1387 |227%" 16°| 419° | 94°| 134°

Ontario 7,176,462 | 873 [ 21.8 | 188 | 47°| 469° | 758° [ 5.4°[ 1.09°] 113°[228%°| 16| 429°| 9.8°[ 137°

UNKNOWN 111 07°| 30°| 30°¢| 04| 009¢| 1247 [310%°| 10°] 323 392 71?

g WORK/BUSINESS 140 | 13°| 184°| 243°| 21°| 0407 | 111" [216%°| 13°| 464°| 143°| 185?
] SCHOOL/DAYCARE 90 | 02°| 13°| 25°[ 02°| 004°| 132°|283%° | 19°| 321°| 69°| 130°
2 16| 13°| 85| 144°| 10°| 023°| 121°(242%°| 17°| 362°| 65°| 107
LEISURE/FAMILY/FRIENDS 118 | 11°| 147°| 298°| 16| 030°| 108°[199%°| 207 | 485%| 1322 | 163?
COMMUNITY SERVICE 6.2 01°| o09°¢ 179 o01°] 002°] 1227 |250%* 18° | 364° 79°| 12.8°

% Ontario 7,176,462 | 873 [ 21.8 | 188 | 47°| 469° | 758° [ s5.4°[ 1.09°| 113" [228%° | 16| 429°| 9.8°[ 137°
& UNKNOWN 19| 09°| so0°| 68°| 07| o14c| 118" [27.8%°| 13°| 3587 | 53| 88?
E] FEMALE 160 | 16°| 158°| 259°| 17°| 038 | 116°[230%°| 16°| 425°| 103°| 145?
169 | 23| 2612 4312 | 30°| 057°| 112°[214%°| 17°| 452°| 115:] 1s53°
R Ontario 7,176,462 | 873 [ 21.8 | 188 | 47°| 469° | 758° [ 5.4°[ 1.09°| 113" [22.8%°| 16| 429°| 9.8° [ 137°?
i UNKNOWN 116 | 09°| 45| s59°| 06| 013°| 118" [288%°| 13°| 353°| s50°| 86°
g 16-24 11.9 02¢ 199 299 o029 004°| 83°[173%° 12°| 338°| 82°| 113°
g 25-44 183 13°| 154°| 26.7° 17° | 034°| 11.2° [23.0%* 1.8°| 447°| 11.7°| 156°
z 45-64 17.8 18° | 191% | 308" 22°%| 0442 | 11.3°|21.8%° 16°| 435°| 108°| 149°
16.7 06°]| 59°¢| 95°¢ 0.7°] 014° ] 11.5° |205%* 16° | 425° | 94°| 132°
4 Ontario 7,176,462 | 873 | 21.8 | 188 | 47°| 46.9° [ 7587 | s5.4°] 1.09°| 113°[228%° | 16| 429°| 9.8°[ 137°
E DRIVER ONLY 172 | 31°| 274°| 2742 31°| o065°| 114°[232%°| 10°| 421°| 882 1252
2| DRIVER & 1 PASSENGER 135 15°| 1710°| 377 | 207 | 0397 | 113°[221%°| 22°| 437°| 115°| 158°
64 | 02°| 24c| 107°| 03| 00s5°| 1037 [200%:| 42| 423°| 132°]| 174"
Ontario 7,176,462 | 873 [ 21.8 | 188 | 47°| 469° | 758° [ s5.4°[ 1.09°] 113°[228%°| 16| 429°| 9.8°[ 137°

0km 46 01° 00" 01" 00| 001°¢ 0.0 [96.0%° 0.0 221 08"’ 55"

1kmTO 5 km 65| 26°| 53| 80| 09| 025°| 167°(334%°| 15°| 221°| 20°| 57%

T 6 km TO 10 km 123 08°| 58| 89°| o08°| 0187 | 132°(264%°| 15°| 314°| 72°| 137?
g 11 km TO 15 km 9.7 04°| 49°| 78°[ o06°| 013°| 1167 |233%°| 16°| 383° | 123° [ 193°?
a 16 km TO 20 km 8.6 02° 40° 62° 04°| 009°| 11.0°|19.9%° 15°| 446°| 17.3°| 234°
& 030 9.2 03" 62° 9.7° 07°| 012°| 105° |18.6%° 15°| 505°| 245°| 292°
0 10.0 02°| 80°| 125°| o08°| 0.14°| 100° [151%" 15°| 580° | 381°| 39.7°

0 100 8.1 01° 72% [ 118" 07°| 010" 9.5° |11.5%* 16°| 701°| 663°| 57.1°

00 3.4 00°| s55°| 108°[ o05°] 006°| 967 | 64%"°| 19°| 8777 |160.1°[109.7°

s | Ontario | 7,176,462 | 873 [ 21.8 [ 18.8] 47°| 469° | 758° [ s5.4°] 1.00°| 113°[228%° [ 16°[ 429°] 98°| 137°
o WORKDAY 873 | 157 [ 140 | s50° | 489°[ 7327 | 567 | 116°| 1132 [229%2 | 157 4232 | 97°| 138°
w 866 | 62 | 53| 41°| 4187 824°| 47| 093°| 113°|226%°| 19°| 450°| 102°| 136"

Table 5. Results for Ontario (Q1, 2012), part I.
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=

f Ontario — 1st Quarter, 2012
= P - = — —

e o |el2s2sls | E. B3| .T|e_| 5§ & |25|% |22t

%HIGZE: & 212225 e | 23| g2 |22 |2E|c88 & |25 |48 ||t

@ |ox|ogw]| = = T = < [ S % = g © g z3 Z 3

Trip Characteristics z°lz°| a8 a a 8 o & 2 < S

Ontario 7,176,462 | 873 | 21.8 | 188 | 47°| 46.9°| 75.8° 5.4° | 1.09° | 11.3° [22.8%° 16| 429 9.8° | 137°

0108 | 4538722 | 571 | 221 | 191 51°| 502°| 823° 57° | 117° | 1132 [228%° 1.7° | 430°| 99| 138°

2,637,740 | 302 | 21.4 | 183 | 43°| 412°| e46°| 48°| 096°| 11.4¢ [22.8%° 1.6°| 427°| 96| 135°

PRE '96 0 0 | 00| 00 00f 00 00° 00f| 000f 00f | 00%f 00° 00 0.0 00

o | PASSENGER CAR 3,869,086 | 445 | 213 | 187 | 46°| 464°| 713°| 43| 1.05° 9.2° |21.6%® 15° | 440°| 100°| 137°

; MINIVAN 823,659 | 116 | 21.7 | 19.1 52°| 487°| 978" 68° | 1.24°| 13.4° |256%° 20%| 3932 9.4°| 144°

P PICKUP/CARGO 985,411 | 114 | 235 | 18.0 46°| 459°| 69.7° 75°| 1.02°| 161f [235%° 15| 440° 9.8°| 132°

§ Suv 1,498,306 | 198 | 22.1 | 19.5 50| 477°| 794°| 6.0°| 116°| 1252 |24.0%* 17° | 414°| 95| 138°

= 0708 | 2,321,197 | 279 | 216 | 19.1| 4.8°| 4952 | 779°| 45| 112° 9.0° |21.6%® 1.6° | 443°%| 103% | 139°

2 | PASSENGER CAR 1,547,889 | 166 | 21.0 | 18.0 43°% | 41.7° | 615° 40°| 095 9.4% |21.6%* 15°| 437° 9.7°| 134°

% PRE '96 0 0o [ 0o | 00 00f 00f 00° 00f | 000f 00f | 0.0%f 00° 00 00° 00

w 454040 | 64 | 216 | 191 s5.6°| 488°| 9560 | 7a°| 128°| 140° [259%°| 20°| 381°| s87°| 137°

= MINIVAN 369,619 | 52 | 21.8 | 19.1 46°| 486° | 10051 6.4°| 119°| 125°|253%° 21°| 407°| 104°| 153°

g PRE '96 0 0|00 |o0o0o]| oo 00" 007| 00| 0oof| 00| 0o%’| 00| o00"| o00'| o0f

I 610,279 | 72 | 25.5 | 19.0 52°| 550°| 876°¢ 89°| 120°| 16.1° |22.5%° 16°| 454° | 105° | 13.8°

Bl PICKUP/CARGO 375,132 | 42 | 202 | 16.3 36°| 311°| 4074 53| 075¢| 1627 |25.2%° 13°| 418° 86°| 124°

0 0o [ 0o | 00 0o0f 00f 00° 00f| 000f 00f | 00%f 00° 00f 00° 00f

1,153,206 | 156 | 21.6 | 19.1 51°| 495°| 834° 60° | 120° | 12.1° |243%? 17°| 412° 96° | 139°

345,100 | 42 | 23.8 | 20.8 45°| 421°| 659° 59°¢| 1.00°| 1387 [227%° 16° | 419° 9.4°| 134°

0 0 | 00| 00 00f 00 00° 00f| 000f 00f | 00%f 0.0 00 0.0° 00

Ontario 7,176,462 | 873 | 21.8 | 188 | 4.7°| 46.9° | 75.8° 54° | 1.09° | 11.3° [22.8%° 16° | 429°| 98°| 137°

0103 | 1,812,892 | 198 | 215 | 19.4| 53| s62°| 91.7°| 63| 128°| 11.1° [23.4%* 1.6° | 437°| 106° | 145°

4708 | 2,725,830 | 373 | 225 | 189 | 4.9°| 462°| 761°| 53°| 1.09°| 11.4° |225%° 1.7%| 4252 | 95° | 1342

9+ 2,637,740 | 302 | 21.4 | 183 43° | 412° | 646°| 48°| 096° | 11.4°¢|22.8%° 1.6°| 427°| 96| 135°

0 0| 00 | 00 00f 00f 00° 00f | 000f 00f | 00%f 0.0 00 00f 00f

g 0 0 oo oo o00f| 00| o00f[ 007) 000" | 00 ]o0o%’| 00| o00"| o00"| oo0f

& | PASSENGER CAR 3,869,086 | 445 | 213 [ 187 | 4.6°| 464° | 713? | 43° | 1.05° 927 |21.6%* 15° | 440°| 100° | 137°

; LIGHT TRUCK 3,307,376 | 428 | 224 | 190 | 49°| 474°| 811° 66° | 1.14°| 13.8°|242%° 17| 41.7°| 96°| 138°

Z 0TO3 884,661 | 85 | 22.0 | 20.0 52° | 544°| 858° 48°| 124° 8.8% |22.8%* 16| 4372 | 105°| 144°

g 4708 | 1,436,536 | 194 | 213 | 186 46°| 465°| 73.0° 43°| 1.04° 9.27 |20.8%* 16° | 446°| 101°| 136°

E PASSENGER CAR 1,547,889 | 166 | 21.0 | 18.0 43| 417°| 615° 40°| 095 9.4° [21.6%° 15| 43.7° 9.7°| 134°

g 0 0o [ 0o | 00 0o0f 00f 00° 00f | 000f 00f | 00%f 00°f 00 00° 00f

Y 0 0| 00 | 00 00f 00f 00° 00f| 000f 00f | 00%f 00 00 00f 00f

928,231 | 113 | 211 | 187 542 | 579°| 974° 7.8% | 132°| 1327 [23.9%° 1.7° | 438° | 107°| 147°

1,289,294 | 179 | 23.8 | 19.3 52° | 458°| 79.7° 65° | 1.14°| 13.9° |243%? 1.7° | 403° 897 | 1327

LIGHT TRUCK 1,089,851 | 136 | 21.9 | 18.7 42°| 405°| 69.0° 59°| 098°| 142f [24.4%° 17°| 415° 95°| 137°

0 0| 00 | 00 00f 00f 00° 00f | 000f 00f | 0.0%f 00f 00 00f 00f

0 0 [ 00| 00 00f 00 00° 00f| 000f 00° ] 00%f 0.0° 00 0.0° 00

Ontario 7,176,462 | 873 | 21.8 | 188 | 47°| 46.9°| 75.8° 5.4°| 1.09° | 11.3° [22.8%° 1.6° | 429°| 98| 137°

0108 | 4538722 | 571 | 221 | 191 51°| 502°| 823° 57° | 117° | 1132 ]228%° 1.7°| 430 | 99° [ 138%

w 2,637,740 | 302 | 21.4 | 183 | 432 | 412°| e46° | 48°| 096°| 1149 [22.8%° 16° | 427°| 96| 135°

2 0 0 | 0.0 | 00 00f 00 00° 00f| 000f 00f | 00%f 0.0° 00 00° 00

% PASSENGER CAR 3,869,086 | 445 | 213 [ 187 | 4.6° | 464° | 713? | 43° | 1.05° 927 |21.6%* 15° | 440°| 100° | 13.7°

Ml LIGHT TRUCK 3,307,376 | 428 | 224 | 190 | 49°| 474°| 811° 66° | 114°| 13.8°|242%° 17| 41.7°| 96°| 138°

= 2,321,197 | 279 | 216 | 19.1 | 48°% | 495° | 779°| 45°| 112° 9.0% |21.6%* 16° | 443°| 103?| 139°

3 PASSENGER CAR 1,547,889 | 166 | 21.0 | 18.0 432 | 41.7°| 615° 40° | 095° 9.4% |21.6%* 15°| 437° 9.7°| 134°

z 0 0 | 00 | 00 00| 00| 00" o00"| 000f| 00| 00%"| 00" 00| 00| o0f

= 2,217,525 | 292 | 22.7 | 19.1 53°| 509°| 87.1° 7.0°| 1.22°| 136° |242%° 1.7°| 417°| 96°| 138°

LIGHT TRUCK 1,089,851 | 136 | 21.9 | 18.7 42°| 405°| 69.0° 59°| 098°| 142f [24.4%° 1.7%| 415°? 95°| 137°

PRE '96 0 0 [ 00| 00 00f 00 00° 00f | 000f 00° | 00%f 0.0° 00 0.0° 00

Table 6. Results for Ontario (Q1, 2012), part II.
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Ontario — 1st Quarter, 2012
= ._ = = = w0
Canadian = o |2:2|2s[E lag] 22 |.
ICLE ——| & |&|58|55|53| 28|35 |52]2:=
S @ v |2 >|2 v| O 2 > [ s = T < Quality of Estimates (cv)
Study P s £ > ¢ © o > 2 S @ @
] g— () 3 [} gl S8 a = 5 g 2 E = E a: less than 5% (excellent)
Powering Informed Decisions I ey g g ‘.u-] g 5 _2. (= %- 5 a 2 %- = g (= b: between 5% and 10% (good)
Sub-Trip Characteristics z ° z° a =] S =] c: between 10% and 15% (acceptable)
d: between 15% and 20% (use with caution)
Ontario 7,176,462 | 873 | 21.8 | 18.8 46.9 ° 75.8 ° 5.4° 0.84 ° 0.24 ° e: between 20% and 35% (unreliable)
IDLING 00° 0.0° 0.4 ° 0.00 © 0.24° f: more than 35% (unusable)
o
w 1km/h TO 24 km/h 21° 3472 0.6° 0.18° 0.00 ° "
w Vehicle Age
@ 25 km/h TO 49 km/h 76°| 1192 10°| 020°| 000° 070 3: 3 years old and younger
o m, m, 15.2 24.0 1.4 0.24 0.00 4 TO 8: between 4 and 8 years old
[} 50 km/h TO 79 km/h 2 B 2 2 2
& 80 km/h TO 99 km/h 103° | 16.5° 09°%| 012°| 0.00°? 9+: 9 years old and older with model year
>
100 km/h TO 119 km/h 7°| 167°| 09°| 009° | 0.00° post-1995
/ / B . 167 < 0.9 < 0.0 < Q.00 3 OLD: model year between 1981 and 1995
0 2.0 3.4 0.2 0.02 0.00 V.OLD: model year pre-1981
w Ontario 7,176,462 | 873 | 21.8 | 18.8 46.9 ° 75.8 ° 54° 0.84° 0.24°
S NOT IDLING 469° | 7582 | s50°| 08a°| 000° Notes on Driver Age and Gender
g IDLING DURING TRIP 0.0? 0.0°? 02?2 0.00 ? 0.15? The estimates provided in the DRIVER AGE and
= TRIP START IDLING 00?2 00?2 0.1° 0.00? 0.07 @ GENDER category are VEHICLE characteristics, not
[=] 00° 002 00° 0.00° 0.02° DRIVER characteristics. Without further information
- - - - - on the distribution of drivers in a given jurisdiction (by
Ontario 7,176,462 | 873 | 21.8 | 188 | 46.9°| 758° | 54°| 0.84° | 0.24° AGE and GENDER), the estimates of the basic
g EARLY (06:00-08:59) 737 T0.1° 0.8 ° 013° 0,04 ° characteristics (nTrips, YKT, PKT, Fuel, Us.e,v UseNI)
s - - 3 5 3 3 3 cannot be used to predict the average driving
3 MORNING (09:00-11:59) 7.1 11.8 0.9 0.13 0.04 behaviour of various combinations of DRIVER AGE and
E MIDDAY (12:00-14:59) 9.0° 153 °? 11° 0.17 0.05 GENDER for that jurisdiction.
8 A RNOO 00 9 116° 18.3° 13° 0.21°? 0.06 *
§ 8-00-20:59 712 1235 08° 0.12° 0.03° Values in columns may not add up or average
= . — - — S —— (weighted) exactly to the corresponding column
g 4.8 80 05 0.08 0.02 header due to to round off errors.
a Ontario 7,176,462 | 873 | 21.8 | 18.8 46.9 ° 75.8 ° 54° 0.84° 0.24°
E COLD (< 50°C) 15°| 22°| 04°| 005°| 005°
E WARM (50°C to 80°C) 7.2° 11.0° 1.0° 0.16 * 0.06 *
g HOT (>80°C) 38.0° 62.6 ° 4.0° 0.63 ? 0.13 *
w NO DATA 0.1°f 0.1' 0.0 | 000 0.00f
=
i Ontario — 1st Quarter, 2012
| Histograms
Distribution of Distribution of
200 Daily Vehicle-km Traveled Daily Fuel Consumption (L)
—
©C2R8SIBRIIESSISIBRES 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 3638+
-
Distribution of Distribution of
o Daily Total Driving Time (h) o Fuel Consumption Ratio (L/100km)
250 - 0.25
200 0.2
150 - 0.15
100 - 0.1
50 0.05
Oovoo~uo~<roo~w<r<roo~wm<roo~+ Ooﬂmﬂwwmwﬁ‘qﬂ‘qﬁ“’?&‘“’?ﬁ“h.}
SSdd dNdmM@M FFuUn 66 N2 - N ~ S a S 2 N « P
Table 7. Results for Ontario (Q1, 2012), part IIL

PBoily (2014)

30



INTRODUCTION TO QUANTITATIVE CONSULTING

CIOIEIC)

Ontario — 1st Quarter, 2012

Trip Characteristics

Daily Vehicle km Traveled by Vehicle Type and Age Passenger km Traveled by Purpose (%)
s Daily Vehicle km Traveled by Vehicle Typeand Age  ——=Daily Vehicle km Traveled (46.9 km)
22 40
711
54.4 48.6 531
465 417 923 415 437 314 ©oa4e1 421
321
393 UNKNOWN
|
00 00 00 00 I 00 00 00 00 WORK/BUSINESS
- = - = = = - = SCHOOL/DAYCARE
2 2 & 2 2]/ 2 & 2o 2|2 2 & o 28|z 2 & 9o 8 m SHOP/APP/ERRAND
o o @ = o o @ = o o @ = o o @ =
5 5 © 2 5 & © 25 & © 25 & c 2 33 m LEISURE/FAMILY/FRIENDS
PASSENGER CAR MINIVAN PICKUP/CARGO Suv 19.0 8 COMMUNITY SERVICE
Distance, Passenger km Traveled, Time and Fuel . Proportion of Trips by Trip Length
Consumption by Occupants 100+km | 0.0
58.4 574 596 51kmTO100km NN 2.1
31kmTOS50 km |- 4.3
21kmTO 30 km I 6.4
16km TO 20 km  j— S 4.3
11kmTO 15km [ 8.5
6 km TO 10 km 17.0
1kmTO 5 km 55.3
0km 21
DRIVERONLY DRIVER & 1 PASSENGER DRIVER & 2+ PASSENGERS
WVKT (%) W PKT (%)  Fuel Consumption (%) mTime (%) 00 100 20-%e,ce,., of Total 300 400 500 600
Time, Distance and Fuel Consumption by Gender Fuel Consumption, Distance and Time by Age Category
Time (%) Fuel Consumption (%)
Distance (%)
Distance (%)
= UNKNOWN UNKNOWN
= FEMALE 1624
Fuel Consumption (%) 2544
= MALE N m45-64
Time (%) 65+
| Sub-Trip Characteristics

Driving Time by Idling and Non-Idling

u Idling (%) = Non-Idling (%)

Distance, Fuel Consumption and Time by Speed
324

Table 8. Results for Ontario (Q1, 2012), part IV,
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IDLING 1km/hTO 24km/h  25km/hTO 49 50km/h TO 79 80km/hTO 99 100km/hTO 119 120+ km/h
EARLY (06:00- MORNING MIDDAY AFTERNOON EVENING  NIGHT (21:00- km/h km/h km/h km/h
08:59) (09:00-11:59) (12:00-14:59) (15:00-17:59) (18:00-20:59) 05:59) WVKT (%) ®Fuel Consumption (%)  Time (%)
Fuel Efficiency (L/100km) by
Engine Temperature Fuel Efficiency by Vehicle Speed
\
30.00 \
- @= Low(90%)  =<@= High(90%) —h— st
25.00
280
136 COLD (< 50°C)
WARM (50°C to 80°C)
20.00
WHOT (>80°C) £
£
g
S
Time and Fuel Consumption by Idling Type Sis00
923 _-e
778 m Total Driving Time (%) --
m Fuel Consumption (%)
10.00 __—
L TS
——
5.00
3 2 2 2< S< $
C< £E £ £E £E =
<E £ £aq £q £a &
NOT IDLING IDLING DURING TRIP TRIP START IDLING TRIP END IDLING E ~ n g > 2 o R > Q 8
5 ~ n @ E -
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=5
.
< ==
Ontario — 1st Quarter, 2012
[ Mixed Ch |
Driving Time (min) by Time Driven (min) by Purpose and Occupants
Day Type and Occupants Driver only Driver & 1 Passenger M Driver & 2 + Passengers
4431 17.32
Workday  mWeekend
915
7.40 :
25.42 2484 5.57 620 591 716
2284 | 086 141 067 187 069 0.69
004 002 | 025 017 A [ — ‘ 4 169 012
N3 s & © N <
547 %o\ﬁ o & S \&\‘v S
4 o » Sa & o B
218 Ny & o & o &
RN = o
Driver only Driver & 1 Passenger Driver & 2 + Passengers W
Fuel Consumed by Speed and Engine Temperature Distance by Occupants by Time of Driving
07 W NIGHT (21:00-05:59)
120+ km/h 11 o
11 = EVENING (18:00-20:59)
Driver & 2 + Passengers .
100 km/h TO 119 10 = AFTERNOON (15:00-17:59)
km/h 08 MIDDAY (12:00-14:59)
03
80km/hTO 88 MORNING (09:00-11:59)
km/h a5 EARLY (06:00-08:59)
50km/hTO 79 188 6.0 a6
km/h Driver & 1 Passenger 3 1'
25 km/h TO 49 6.1
km/h HHOT (> 80°C) 42
1km/hTO 24 64 ARM (50° . 6.1
km/h WARM (50°C to 80°C) 50
. 149
IDLING COLD (< 50°C) Driver Only 101
82
Percent of Total 111
b Percent of Total

Percent of Total

Fuel Consumption by Idling and Time of Driving

/ NOT IbLING
/ TRIP START IDLING

IDLING DURING TRIP
TRIP END IDLING
—

Table 9. Results for Ontario (Q1, 2012), part V.
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