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Abstract

An origin-destination (O-D) matrix of truck travel was obtained from the City of
Hamilton. The concept of Passenger Car Equivalence (PCE) was used to transform this matrix
into a passenger car O-D matrix. The integrated land-use and transport model IMULATE has
been modified to incorporate the transformed vehicle matrix, along with a matrix for passenger
cars. A PCE value of zero implies the total absence of trucks in the network. Reported emission
values in this case are attributed to passenger cars alone. PCE values greater than zero indicate
the number of vehicles displaced in traffic flow by the presence of a single truck. Reported
emissions under such conditions are affected by the presence of trucks.

The results suggest that the estimation procedure is effective. The contribution of trucks
to mobile emissions of HC, CO, NOx, and PM has been addressed at the aggregate and link
levels. Emission estimates demonstrate sensitivity to the presence of trucks as modeled in this
study. The presence of trucks is shown to increase the aggregate level of all pollutants and affect
changes in link-based estimates.

While the results are encouraging it has been recognized that the potential of this
procedure for generating accurate estimates is limited by the resolution of the observed truck
data. It is also recognized that gas PM is emitted at such low rates that it is difficult to measure
accurately. Another limitation of the present study is that only trips with origins and destinations
within the Hamilton CMA are included. The contribution of trucks passing through the CMA is
not dealt with, but warrants future consideration. Also, the reported results refer only to the
morning peak period. The contribution of truck emissions during the rest of a typical day is

expected to be significant since most freight trips avoid the morning peak period.
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Chapter One

Introduction

Considerable discussion over the last two years within the Hamilton-Wentworth Air
Quality Improvement Committee led to the conclusion that little is known about truck mobility
in Hamilton-Wentworth. In response to this conclusion, this study was initiated in January 1999
to examine daily traffic volumes and the contribution of trucks to daily emissions from mobile
sources in the Census Metropolitan Area (CMA) of Hamilton.

Vehicles are the largest single source of nitrogen oxides (NOyx) and non-methane
hydrocarbon (NMHC) emissions (HAQI, 1997). NMHC are often referred to simply as
hydrocarbons (HC). NOx and HC are of concern because of their role in the formation of ground-
level ozone. Vehicles are also a major source of climate change gases, such as CO (HAQI,
1997). CO is also of concern because it enters the bloodstream through the lungs and inhibits the
blood's capacity to carry oxygen to organs and tissues

In addition to HC, CO and NOy, there is increasing interest in particulate matter (known
as PM or particulates). It is important, when studying PM emissions from mobile sources, to
include trucks. The Environmental Protection Agency (EPA) using engine dynamometer tests,
have found that a typical light-duty diesel truck emits 30 to 100 times more PM than a
comparable catalyst-equipped, gasoline-powered passenger vehicle (USEPA, 1993a). PM,o
(defined as being 10 micrometers or less) is of particular concern due to its association with
cardio-respiratory hospitalisations (Burnett et. al., 1999). In this study, a procedure for estimating

emissions of CO, HC, NO, and PM¢ has been applied to the Hamilton CMA.



Over the last few years several studies have examined emissions from mobile sources in
the Hamilton CMA (see Anderson et. al., 1996, Kanaroglou and Anderson, 1997, Scott et. al.,
1997). All of these studies have concentrated on emissions from passenger cars. The objective of
the present study is to examine the contribution of trucks to the volume of traffic flow and to
emissions from mobile sources. The approach used follows in the footsteps of those used in
previous studies. IMULATE, an integrated land-use and transportation simulation model for the
Hamilton CMA, is instrumental in generating traffic flow and emissions estimations. IMULATE
incorporates the Environmental Protection Agency (EPA) emission model MOBILE 5C.
MOBILE 5C has been adapted to Canadian standards from the U.S model MOBILE 5A, used to
support air quality planning and emission inventory development.

The remainder of this thesis includes five chapters. Chapter 2 reviews the literature on the
techniques used in vehicle surveys and modeling that has been done in North America. This
review places emphasis on the cost-effectiveness of vehicle surveys and the completeness of data
collected using the various techniques. This chapter is of importance as the studies that have
been conducted thus far, including this research, have been limited by the quality and
completeness of the data used as inputs into various models. The modeling techniques used are
also discussed.

In Chapter 3, the two basic vehicle classification schemes that have been developed are
outlined. Also, a brief description of the HC, CO, NOy, and PM pollutants is given. Data
collected in surveys must include some classification of vehicles to help describe the vehicle
fleet. Different vehicle classes will emit the various pollutants in different quantities, and

emission factors must be assigned to the model output to account for these differences.












generally rely on truck registration. They may miss through-trips because of poor response rates
from out-of-city trucks, or may introduce bias because of the size and number of firms
responding. Errors may be introduced caused by a fleet manager or dispatcher completing the

report instead of the actual driver.

Survey Method:

Automated 24-hour traffic counts were conducted at each site before the survey dates. No
significant change in traffic volume (i.e. from route shifting) was noted. A limited questionnaire
was necessary to meet time constraints and it simply asked “What is (was) your next (last)
stop?”, and “What route did/will you take?”. They considered using palmtop computers coded
with appropriate businesses, routes, and addresses, however the pre-test showed that the data
could not necessarily be entered in the time available.

Survey Findings:

Across all routes surveyed, 14% of traffic was by trucks. Of that, 53% were composed of
heavy trucks (3 or more axles). ‘Time of day’ truck activity generally conformed to established
industry observations. Of all traffic, trucks comprised 9 to 12% during the evening peak (4:45-
7:00pm), more than 20% before 2:15pm, and 12-20% from 2:15pm to 4:45pm. They conclude
that intercept surveys are important for collecting data on external-external and external-internal
trips. The joint automobile/truck survey is feasible, but only on low-volume roads on which
moderate truck traffic mixes with automobile traffic. Total traffic volumes exceeding the range
of 200 vehicles per 15 minutes per survey lane are likely to lead to unacceptable congestion and

delays to low truck and automobile survey rates.



Matherly determined the advantages of their method included; complete information,
high response rate, better sampling control, good representative sample of trucks entering and
leaving a cordon lines, and easy comparison with mainstream traffic through field counts at
survey location. The disadvantages include; potential disruption to traffic, quality and conduct of
survey affected by weather, lighting, noise from trucks, hazardous to survey crew, time
constraints, no follow-up possible, enforcement problem at the station (drivers avoiding the
survey station), and the sample only represents truck traveling on roads along survey stations, not

entire region (Matherly, 1996).

2.2.2 Telephone/Mailback: Phoenix, Arizona (1991)

When the survey was done and what data was collected:

In 1991, the Arizona Department of Transportation, Transportation Research Center,
funded a commercial vehicle travel survey within the Phoenix metropolitan area. The primary
objectives of the study were to collect truck travel data to develop commercial vehicle trip
generation, trip distribution, and traffic assignment models (Ruiter, 1992). The models were
developed with the intention of being incorporated into the Urban Transportation Planning
System-based travel model maintained by the Maricopa Association of Governments (MAG).

The mailout questionnaires were designed to obtain the following data:

. Starting and ending addresses for all trips on the survey day;

. Vehicle type based on number of axles and body style;

. Estimated gross weight;

. Vehicle usage for home-based work and work-related trip purposes;

. Total number of one-way trips on the survey day.






under 8,000 lIb category and 101 in the 8,000-28,000 Ib. category). The selection process
provided 1 in 40 postal vehicles in the light category and 1 in 10 in the next heavier category.
The data collection used a mailback questionnaire, which included a 1-day trip diary. The
overall response rate for the mailback survey was 30% with 720 responses, of which 527
vehicles (73%) made trips on the survey day. USPS travel forms, detailing daily itineraries for 62
selected vehicles, were also obtained from the manager of fleet operations. The information
obtained was used to fill out the trip diary. A telephone survey to the vehicle owners revealed
that only 75.7% of registered vehicles from the DMV data list were available for use for
commercial purposes.
Survey Findings:
The Phoenix Commercial Vehicle Survey produced the following conclusions:

. Vehicles in the lighter weight categories made more trips; 96.6% of all commercial trips
were made by the two lightest weight categories. The average trips per vehicle for the
8,000-28,000 Ib category, for example, was 9.6 trips; whereas, vehicles in the 64,000+ 1b
category made only 4.0 trips per vehicle.

. Vehicles in the heaviest category made few but long trips. The average VMT per vehicle
for the 64,000+ Ibs. category was 156.8 miles, compared to 56.2 miles for the 8,000-
28,000 1b category. Vehicles in the heaviest weight category averaged 33.4 miles per
trip, compared to 11 or less miles per trip for the lighter weight categories.

. A total of 79.4% of the surveyed vehicles were used for commercial purposes.

. Most trucks started their first trip between 6:00am and 9:00am. This pattern, however,
varies by weight category. Light trucks were more likely to start their first trip between
6:00am and 9:00am. Heavy trucks (51.8%), started their first trip before 6:00am.

. The peak period for truck travel occurred between 9:00am and 2:00pm. Heavy trucks,
however, have a shorter peak period (11:00am-2:00pm). During both of these periods, 13

percent of daily commercial vehicle travel occurred.
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destinations, trip frequency, trip purpose, and the general route(s) used. The type, weight, origin
and destination of all commodity flows into and out of the city were of importance as they are
carried by the trucking industry. At the time ‘The Traffic By-Law’ defined “Heavy Traffic” as
any vehicle with a gross weight in excess of 8000 lbs, exemptions made to; buses, fire fighting
equipment, public utility vehicles, and emergency vehicles. Also, there were only certain routes
south of Barton Street which trucks were allowed to use. North of Barton Street is the industrial
area and every street is considered a truck route, unless specifically designated otherwise.
Survey Method:

A roadside interview, combined with telephone interviews were used to gather the data.
Two cordons were selected, and screenlines were drawn within each for detailed study. The first,
entitled ‘External Screenlines’, consisted of the access points to the Provincial Highway
connections; Red Hill Creek, South City Limits, and Chedoke Valley screenlines. The second,
entitled Internal Screenlines, consisted of major crossings within the central lower City. There
were the arterial and collector streets crossing Victoria Avenue, the Mountain Brow and
Kenilworth Avenue screenlines. Crossing each screenline, thirty-one interview stations were
designated at each major roadway with each station having; a Police Officer, one to five
interviewers, a recorder, and a roving supervisor. Interviews were conducted over a 24-hour
period from Monday 7:00pm to Friday 11:00pm. The inbound direction (towards City Hall) was
competed on November 14" to 28", 1972, and outbound direction was competed December 4™
to 20™ 1972. As the study was developed to analyze the truck ‘problem’ of noise and congestion
in the city streets, tractor-trailers, dump truck, and construction vehicles were prioritized, while

trucks weighing less then 8000 lbs. were entirely excluded. Interviews lasted about 3 minutes









Table 2.1. Summary of Truck Travel Survey Characteristics

Location Year Method Surveys completed* | Response rate | Cost (US )
Berks County, PA. 1994 Interview?/Mailback 1000+ .98/.06 NA
El Paso, TX. 1994 Phone! 188 0.43 65 000
Houston, TX. 1994 Phone'/Mailback 900 0.35-0.40 150 000
New York, NY. 1992-94 Interview? 14671 0.38 312 000
Phoenix, AZ. 1991 Phone'/Mailback 720 0.30 90 000
Alameda, CA. 1991 Phone'/Mailback/Interview” NA/2200/8000+ NA/0.79/NA NA
Ontario 1988 Interview? 19225 0.96 NA
Chicago, IL. 1986 Mailback 3506 0.25 200 000
Hamilton, ON. 1973 Phone'/Interview? 11077 NA NA

*denotes approximate number
! implies a telephone interview
implies a roadside/intercept interview

2

91
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The following is a summary of the advantages and disadvantages of different truck travel survey
methods.

Telephone Interview
¢ High response rate
¢ Easy to follow-up
¢ Can only call during business hours
e "Phone-tagging" problem
e Limited time on phone if respondent is busy
e Requires access to vehicle registration file
Mailout-Mailback
e Less costly
e Good response rate with certified mail
¢ Only follow-up of non-responses is necessary
e Low overall, and per item response
e Potential for bias in better response rate from some drivers/owners
e Low response from small truck owners
e Difficult to ensuring driver will fill out form, not owner or fleet manager

e Requires registration file

Combined Telephone-Mailout-Mailback
¢ Improved response rate over mailout-mailback alone
e Can identify early those owners who agree to participate those who are potential non-
responses through phone contact
¢ Same disadvantages as telephone survey
e High cost of telephone follow-ups
¢ Need phone reminders for trip diary
e Costly



18

Roadside Intercept/ Interview
e Complete information
¢ High response rate
e Better sampling control
e Good representative sample of trucks entering/leaving cordon line
e Comparison with mainstream traffic through field counts at survey location
¢ Disruption to traffic
¢ Quality/conduct of survey affected by weather
e Time constraint
e Follow-up impossible
e Avoiding the survey station

e Only represent trucks traveling road along survey station, not entire region

The most common survey method for gathering vehicle travel data in urban areas was the
combined telephone/mailback method. This method is cost-effective and yields a reasonably high
response rate. The second most used survey method was the roadside interview method. This
method produces very high response rates with complete information. They are ideal for cordon

surveys or surveying trucks traveling in from outside the survey area.

2.2.6 Summary of Empirical Findings
Characteristics of Commercial Vehicles
e Average Vehicle Weight. Only the Phoenix survey reported average vehicle weight. The
average vehicle weight per commercial trip was 11,870 Ibs.

e Truck Size: The share of different truck sizes varied from urban area to urban area.
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Characteristics of Commercial Vehicle Trips

Average Trip per Commercial Vehicle: Light trucks have a higher average trip frequency
than for heavy trucks.

Regional and Through Trips: Most truck trips serve local regional needs. Through trips
(usually less than 10%) are mostly made by heavy trucks.

Average Trip Length: Heavy trucks make longer trips than lighter trucks.

Vehicle Miles Traveled: Heavy trucks log a higher VMT per day than light trucks.

Time of First Commercial Vehicle Trip: Most “first” truck trips occur early in the
morning (6:00-9:00am). This pattern, however, varies by weight category. Light trucks
were more likely to start their first trip between 6:00 and 9:00am. Heavy trucks, however,
started their first trip before 6:00am.

Time-of-Day Distribution: Most truck trips seem to occur during the midday period
between 9:00am and 3:00pm. Truck “through” traffic seems to avoid peak periods and
tend to travel at night.

Truck Travel During Peak Periods: The results vary by urban area and by individual
locations. In New York, over 35% of trucks made trips during the morning peak period
(6:00am to 9:00am). A comparison of morning and afternoon peaks for private vehicle
travel found that the morning peak period travel was as important for commercial
vehicles as for private vehicles.

Truck Travel During Peak Periods as Percent of Total Vehicular Volume: Truck
traffic range from less than 9 % to as high as 17 % of the total vehicular volume during
peak periods.

Day-of-Week Distribution: Truck traffic typically occurs on weekdays and decreases
significantly on the weekends.

Average Trip Duration: Trip time generally increases with vehicle weight. The Phoenix
survey recorded that the overall average trip time for truck travel was 28.1 minutes.
Truck Travel by Facility Type: Few surveys or studies have attempted to analyze truck
trips based on facility types used. Only Ontario used facility types to classify their
truck trips.
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Truck Inventory and Use Survey:

The Truck Inventory and Use Survey (TIUS) was conducted during 1992-1993, by the
U.S Bureau of the Census. The database compiles statistically significant samples of on-road
light duty and heavy-duty trucks. Each record is the equivalent of one vehicle. Data for each
record is extensive, and includes the required attributes of age, gross vehicle weight and fuel
type. Most importantly, the database records miles driven in calendar year 1992 by these
vehicles. The data was used to determine mileage accumulation for light-duty and heavy-duty

trucks.

Hamilton and Ontario Commercial Vehicle Surveys:

Major vehicle trip data sources used in the development of origin-destination (O-D)
matrices for Hamilton consists of the Hamilton Truck Study (1973), the 1988 Ontario
Commercial Vehicle Survey, and the 1998 Hamilton Commercial Vehicle Survey. The sources
used to collect data are the 1986 Regional Count Program, the 1986 Regional Cordon Count
program, City of Hamilton Traffic Counts and the 1986 Provincial Highway counts. Truck
volumes were obtained from the 1986 and 1996 City of Hamilton and Regional traffic counts.
The Emme/2 model produced passenger car volume estimates to which the observed truck
volumes were then added. Bi-proportional updating was used to transform tube data and
intersection counts into an O-D truck travel matrix. Commercial vehicles include anything
identified by an observer as being a vehicle used for commercial purposes. As a result, heavy and
light-duty gas and diesel-powered vehicles ranging from pick-up trucks to trucks with six or
more axles are included in the matrix. In this study, only data from the 1998 Hamilton

Commercial Vehicle Survey was used.
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tGenerally truck data has the following application:

"Truck travel model development

Truck trip generation

Origin and destination analysis

Local and highway route assignments
Congestion and speed simulations
Travel time analysis

Spatial and temporal (time-of-day, day-of-week, and season) analyses

{Corridor/Route analysis

e Evaluate route/corridor traffic management proposals for freight impacts

Formulate traffic management plans during roadway reconstructions
Assess impact of truck route reassignments or closures

Air quality modeling

"Truck restrictions and enforcement

2.3 Modeling

Estimate truck emissions
Route restriction analysis

Dangerous goods movement regulation and enforcement analyses

Truck driver safety programs

'2.3.1 Gravity Model: Iowa (1996)

In Iowa, to obtain a statewide truck demand model, the Gravity model was used to

distribute the truck tonnage of freight among origin-destination pairs, using travel time as the
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2.4 Conclusion

The preferred survey choice combines traffic counts and classifications with intercept
interviews. Response rate is usually very high, but often drops slightly during peak hours to
relieve delays. Generally, origin-destination (O-D) information is the most important. The
benefits of different survey types and models were reviewed and analyzed.

This review indicates that there is information from only a few urban areas with extensive
experience in conducting truck surveys and truck travel demand forecasting. Recently, only a
few metropolitan areas have made available information on their efforts to collect truck travel
data or develop new techniques in forecasting truck traffic. This chapter documented the
experiences of a selection of different urban areas in the Canada and the U.S. over the past 20

years, with exception to cases in Hamilton, Ontario.
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electronic databases from R.L. Polk & Company, the 1992 Truck Inventory and Use Survey
(TIUS), and from the Federal Transit Administration (FTA).

Table 3.1 lists the individual vehicle type categories used by the EPA. Registrations and
average annual mileage as a function of vehicle age were developed for each of these categories.
With respect to registration, the EPA attempted to use 1996 as a base year for characterization.
To develop the fleet characterization, they reviewed numerous data sources for relevant and

accurate content. There are many uses to the classification in terms of forecasting, not the least of

which is assigning emission factors to the various types of vehicles.

Table 3.1. The EPA Vehicle Classification Scheme

Vehicle Class Code Vehicle Class Weight (1bs.)
LDGV Light Duty Gas Vehicles Up to 6000
LDDV Light Duty Diesel Vehicles Up to 6000

LDGT1 Light Duty Gas Trucks Less than 6000
LDGT2 Light Duty Gas Trucks 6001-8500

LDDTI1 Light Duty Diesel Trucks Less than 6000
LDDT2 . Light Duty Diesel Trucks 6001-8500
HDGYV (classes 2B-3) | Heavy Duty Gas Vehicles 8501-14000

HDGYV (classes 4-8) Heavy Duty Gas Vehicles | Greater than 14000

HDDV (class 2B) | Heavy Duty Diesel Vehicles 8501-10000

HDDV (class 3)

Heavy Duty Diesel Vehicles

10001-14000

HDDV (class 4-5)

Heavy Duty Diesel Vehicles

14001-19500

HDDYV (class 6-7)

Heavy Duty Diesel Vehicles

19501-33000

HDDV (class 8A) | Heavy Duty Diesel Vehicles 33001-60000

HDDYV (class 8B) | Heavy Duty Diesel Vehicles | Greater than 60000
HDGB (school) Heavy Duty Gas Buses Greater than 14000
HDGB (transit) Heavy Duty Gas Buses Greater than 14000
HDDB (school) Heavy Duty Diesel Buses | Greater than 14000
HDDB (transit) Heavy Duty Diesel Buses | Greater than 14000

3.2.2 Classification by Axles (MTO and the Region of Hamilton-Wentworth)

Classification by number of axles is the method of classification preferred by the MTO

(Ministry of Transportation of Ontario) and the Region of Hamilton-Wentworth. In the case of
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the MTO, concerns on privacy and misuse of data restrict the amount of information available.
Tables 3.2 and 3.3 show the MTO and Hamilton-Wentworth schemes respectively.

Table 3.2. The MTO Vehicle Classification Scheme

Short Trucks Long Trucks
(Heavy 2 & 3 axle - Single Units) |(Transports - Combination Units)
Heavy Truck (dual rear tires) Combination Unit (3 axles)

Dump Truck Combination Unit (4 axles)

Stake Truck Combination Unit (5 axles)

Tractor w/o trailer (2 axles) Combination Unit (6 axles)

Single Unit Trucks (3 axles) Combination Unit (7 axles)

Tractor w/o trailer (3 axles) Combination Unit (8 axles)

Tank Truck (single unit) Combination Unit (9 axles)

Van (dual rear tires)

Motor Home

While similar in characteristic of classification (number of axles), there are differences in Tables

3.2 and 3.3. These two tables demonstrate that even similar schemes in similar areas are not

always comparable or interchangeable.

Table 3.3. The Hamilton-Wentworth Vehicle Classification Scheme

Vehicle Class Vehicle Type # of axles
2 Car, pick-up, van 2
1 Subcompact 2
3 2-axle light truck 2
6 3-axle single unit truck 3
4 Bus 2
12 3S2 tractor trailer 5
14 6 or more axles 6
11 2S2 tractor trailer 4
5 Car with 1-axle trailer 3
9 4-axle single unit truck 4
13 Other 5 axle 5
8 Car with 2-axle trailer 4
7 2S1 tractor trailer 3
10 3S1 tractor trailer 4
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directly emitted or can be formed in the atmosphere when gaseous pollutants such as SO, and
NOy react to form fine particles. What distinguishes PM from other emission factors, is that
particulate emission factors for diesel-powered vehicles are not adjusted for vehicle speed
(USEPA, 1995).

The emission factors calculated by the EPA include the particulate pollutant compounds
of lead, sulfate, soluble organic fraction particulate, remaining carbon portion particulate, and
total exhausted particulate. The lead and sulfate are formed from the lead and sulfur contained in
the fuel. The soluble organic fraction consists primarily of hydrocarbons coming from unburned
or partially burned fuel and lubricating oil. The remaining carbon portion consists of soot-like
carbon (elemental carbon) and trace amounts of other components from the fuel and lubricating
oil. The total exhaust particulate is the sum of these four categories. In addition to these
categories of exhaust emissions, idle exhaust emissions, brake wear, tire wear, fugitive dust,
indirect sulfate, and gaseous sulfur dioxide are also calculated.

The model calculates the emission factors for 12 vehicle classes and a fleet-wide average
(estimated by vehicle miles traveled [VMT] weighting of the emission factors for all 12 classes).
The vehicle classes include light-duty gasoline vehicles, two classes of light-duty gasoline
trucks, heavy-duty gasoline trucks, motorcycles, light-duty diesel vehicles, light-duty diesel
trucks, four classes of heavy-duty diesel trucks, and buses. To account for older vehicles on the
road, the emission factors reported for each vehicle class are composites of emission factors for

vehicles 25+ years old through the calendar year of evaluation (the calendar year of evaluation is

provided by the user).
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The remaining carbon portion consists of soot-like carbon (elemental carbon) and trace amounts
of other components from the fuel and lubricating oil.

Table 3.5. Carbon Emission Factors for Gasoline Vehicles (g/mi)

Leaded Unleaded
Vehicle Type/ Model Year Group Catalyst | Catalyst Non-catalyst
(No-Air) (Air)

Light Duty Gasoline Vehicles:
pre-1970 0.1930 0.0300
1970-1974 0.0680 | 0.0060 0.0250 0.0300
1975-1980 0.0300 | 0.0060 0.0250 0.0300
1981 + 0.0170 | 0.0043 0.0043 0.0170
Light Duty Gasoline Trucks I:
pre-1970 0.1930 0.0300
1970-1974 0.0680 | 0.0060 0.0250 0.0300
1975-1986 0.0300 | 0.0060 0.0250 0.0300
1987 + 0.0170 | 0.0043 0.0043 0.0170
Light Duty Gasoline Trucks II:
pre-1979 0.3700 0.0540
1979-1986 0.0680 | 0.0060 0.0250 0.0300
1987 + 0.0300 | 0.0043 | 0.0043 0.0170
Heavy Duty Gasoline Vehicles:

re-1987 0.3700 | 0.0540 0.0540 0.0540
1987 + 0.1630 | 0.0540 0.0540 0.0540

3.3.5 MOBILE

The EPA highway emission factor model, MOBILES (‘a’ and ‘c’), calculates average in-
use emission factors for hydrocarbons (HC), carbon monoxide (CO), and oxides of nitrogen
(NOx) for numerous vehicle categories of vehicles. These emission factors are expressed in units
of grams per mile (g/mi) and are used in combination with data on vehicle miles traveled (VMT)
to estimate highway vehicle contributions to mobile source emission inventories.

Since the release of MOBILES, very little new data on in-use heavy-duty engines, using
representative driving cycles, has been produced. In lieu of actual data on in-use engines, the

EPA has proposed the use of test data required by the EPA from engine manufacturers for new






Chapter Four

Data and Methodology

4.1 Introduction

The method used in this study can be divided into four phases (Figure 4.1). In the first
phase trucking data was acquired from the City of Hamilton in the form of an origin-destination
matrix. Each cell of this matrix records the number of commercial vehicles traveling between

two zones located within the City of Hamilton. This matrix is discussed in detail in section 4.3.

original truck O-D matrix

PCE

transform truck matrix to
car matrix using PCE

IMULATE

Figure 4.1: General Method Structure

In phase two, the concept of passenger car equivalency was studied and a methodology for

its application to this study was developed. The PCE concept is discussed in section 4.4.
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4.5.1 Selecting PM Emission Factors

Due to the lack of information on the vehicle fleet in the Hamilton CMA, in this
study, the carbon emission factor is used to calculate PM exhaust emissions. Model year
and the technology type of trucks and cars affect the carbon emission factor (USEPA,
1985a; USEPA, 1993a). Average age of the Hamilton CMA vehicle fleet (model year)
was approximated from U.S. data, collected by Polk (The Polk Data Company, 1998).

The average model year for both the car and truck fleet was found to be 1990. This
was an estimate obtained as follows. The simulation that estimated PM ran from 1996 to
2001, as described in the following chapter. The midpoint of this estimation would be
half way through 1998. In 1996, the average age of cars was 8.3 years (The Polk Data
Company, 1998). Subtracting the average age (roughly eight and a half years) from the
year of estimation left a model year of 1990.

The nearest EPA age category for cars (LDGVs) was 1981 and newer. The PM
exhaust emission factor for this category is 0.0043 gram/mile. To determine the amount
of PM of certain particle sizes, a Particle Size Cutoff (PSC) is applied to this emission
factor (USEPA, 1985a). The PSC is defined to be the maximum aerodynamic diameter
(between 1.0 and 10.0um) of the particles in the emission factors (USEPA, 1985a). PM
(defined as being 10 micrometers or less) is of particular concern due to its association
with cardio-respiratory hospitalisations (Burnett et. al., 1999). In this study a PSC of
PM,0 is modeled as it is harmful to human health (HAQI, 1997) and includes smaller PM
sizes such as PM, s. The fraction of particles less than or equal to the PSC is determined
from fractions in EPA 1985a. For catalyst equipped LDGVs, 1981 and newer, using

unleaded fuel the fraction of particles less than or equal to PMjois 0.98 (USEPA, 1985a).
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where PSCltire,, is the tire particle size cutoff for PM,, for all vehicles (1.00), ANOT, is

the average number of tires per vehicle. For both LDDT and LDGV, ANOT, is 4

(USEPA, 1985a).

The PM tire wear (PMTW) estimates for truck route links, i, are calculated by:

PMTW;=(f; 1, TWEF,,)
where f; is the total traffic volume on truck route link i, 1; is the length of a link in miles,

TWEF,, is the PM tire wear emission factor for all vehicles (0.008 g/mile).
Similarly, the PM tire wear (PMTW) estimates for non truck route links, j, are calculated
by:

PMTW;=(f1,TWEF,,)

PM from tire wear for the entire system is given by:

PMTW,u= . PMTW,; + Y. PMIW,

=] J=1
The brake wear emission factor for all vehicle categories and model years (BWEF,) in

grams/mile is calculated as:

BWEF,, = (0.0128 PSCbrake,,)
where PSCbhrake,, is the brake particle size cutoff for PM|, for all vehicles categories and

model years (0.98).

The PM brake ware (PMBW) estimates for truck route links, i, are calculated by:

PMBW,;=(f. 1, BWEF,,)

where f; is the total volume on truck route link i, 1; is the length of a link in miles, and

BWEF,, is the PM brake wear emission factor for all vehicles (0.0125 g/mile).
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Similarly, the PM brake ware (PMBW) estimates for non truck route links, j, are
calculated by:

PMBW;=(f, 1, BWEF,,)

PM from brake wear for the entire system is given by:

PMBW,,... =2 PMBW, + 3, PMBW,

i=l J=1
Total PM for the entire system, then, is the sum of the PM from combustion exhaust,

brake wear and tire wear.

PMotal = PMErotal + PMT"VIotal + PMB ”/total

4.6 Conclusion

Using the concept of passenger car equivalency, the integrated land-use and
transport model IMULATE, and emission factors from the EPA, a methodology to
estimate the contribution of trucks to PM has been presented. It is recognized that
vehicles produce PM from various sources including tire wear, brake wear and exhaust,
amongst others. The data source available for this study only allowed for the estimation
of the sources named above. A methodology for the estimation of each source, and the

total was developed and presented.



Chapter Five

Results

5.1 Introduction

IMULATE was run for passenger cars, starting at base year 1986 and running to 2006 at
five-year intervals. The road network was updated at each five-year period as required (i.e. the
Lincoln Alexander Expressway was added in 1996). A PCE value of zero, or the ‘cars only’
scenario, implies the total absence of trucks in the network. Reported emission values in this case
are attributed to passenger cars alone. This is the base scenario against which all subsequent
scenarios involving trucks with PCE values are compared. Using this methodology, the relative

contribution of trucks can be shown at the link level, or aggregated to the regional level.

5.2 Results

5.2.1 Aggregated Regional Results

Table 5.1. Aggregate emissions and trips made for varying PCE values
HC cO NO, PM Trips
PCE | Kg %* Kg %* | Kg | %* | kg %* trips | %*
0.00 | 12929 | 0.0 | 137556 | 0.0 | 9476 | 0.0 | 47 0.0 | 174996 | 0.0
1.00 | 14035 | 8.6 | 149563 | 8.7 | 9877 | 42 | 99 | 111.3 | 183452 | 4.8
2.00 | 15275 | 18.1 | 163174 | 18.6 | 10299 | 8.7 | 104 | 121.7 | 192297 | 9.9
2.42 | 15865 | 22.7 | 169707 | 23.4 | 10478 | 10.6 | 106 | 125.9 | 195851 | 11.9
2.48 | 15955 ] 23.4 | 170700 | 24.1 | 10507 | 10.9 | 107 | 126.5 | 196396 | 12.2
2.54 | 16033 | 24.0 | 171560 | 24.7 | 10534 | 11.2 | 107 | 127.2 | 196960 | 12.6
3.00 | 16641 | 28.7 [ 178250 | 29.6 | 10733 | 13.3 | 109 [ 131.9 | 200940 | 14.8
4.00 | 18071 | 39.8 | 193956 | 41.0 | 11181 | 18.0 | 114 | 142.4 | 209798 | 19.9
5.00 | 19592 | 51.5 | 210879 | 53.3 | 11634 | 22.8 | 119 | 152.9 | 218686 | 25.0

* denotes percent increase over the ‘cars only’ scenario
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