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1. BACKGROUND AND SIGNIFICANCE OF WORK

Atmospheric emissions may be classified into three categories. mobile, stationary,
and area sources. Among these, mobile source emissions contribute significantly to the
ozone and CO pollutants. Approximately 50 percent of ozone precursor emissions
(volatile organic compounds-VOCs and oxides of nitrogen-NOXx) originate from mobile-
source emissions, and about 90 percent of CO emissions come from mobile-source
emissions.

The significant contribution of mobile-source emissions to air pollution,
combined with the deteriorating air quality in many metropolitan areas, has resulted in a
need to determine current and projected emissions inventories, and to establish the
relative emissions contributions of mobile and other sources. These have to be included
in the State Air Quality Implementation Plan (SIP) for achieving clean air levels
consistent with National Ambient Air Quality Standards (NAAQS). In addition, an
emissions reduction budget is assigned to each emission source for achieving reasonable
further progress (RFP) toward attainment. For the mobile source category, the emissions
reduction budget is further refined into a regulatory limit on emissions, referred to as
emissions budget. The emissions budget in the SIP represents the highest level of
emissions allowed from all projects included in the 20-year Regional Transportation Plan
and Transportation Improvement Plan of constituent Metropolitan Planning
Organizations (MPOs).

The integration of transportation planning and air quality planning is important
for mobile source emissions estimation and for establishing conformity of mobile source
emissions to the emissions budgets and emissions reduction budgets in the SIP. The
transportation conformity rule establishes the criteria and procedures by which the
Federal Highway Administration (FHWA), the Federal Transit Authority (FTA), and
state agencies’yMPOs determine the conformity of federally funded or approved projects
to SIPs. The final conformity rule (effective September 15, 1997) states that
“transportation plans, programs, and projects must conform to the mobile source
emissions budget in the latest submitted or EPA-approved SIP, and must be found not to
lead to new NAAQS violations, exacerbate existing violations, or delay timely attainment

of any interim milestone.” Further, transportation plans and programs can be found to



conform only if they provide for timely implementation of SIP-adopted Transportation
Control Measures (TCMs).

Conformity determinations must be made at least every three years in non-
attainment areas or whenever modifications are made to plans, TIPs, or projects. Certain
events, such as SIP revisions that establish/revise transportation-related emissions
budgets or add/delete TCMs, might also trigger a necessity for fresh conformity
determination.

There is a strong incentive for various Texas agencies (MPO staff, TxDOT, and
TNRCC) to assess trade-offs between mobile and other source emission reduction
programs and to adopt a specific set of SIP strategies that are feasible and achievable to
reach attainment. If unrealistically large emission reduction targets are assigned to mobile
sources and are included in the SIP, it will be difficult to demonstrate conformity.
Therefore, it is critica for MPOs to develop reliable projections of mobile-source
emissions-related traffic indicators. Over-predictions of these indicators will result in
overestimation of the need for emissions controls. Under-predictions, on the other hand,
could result in the need, when problems become apparent, to apply drastic emissions
control measures that are more expensive than what additional controls would have
entailed at the outset if potential problems had been correctly anticipated.

The North Central Texas Council of Governments (NCTCOG), the metropolitan
planning organization of the Dallas Fort Worth (D-FW) area, is responsible for
developing and maintaining the mobile-source emissions inventories in the area. The
U.S. EPA designates the counties of Collin, Dallas, Denton, and Tarrant within the D-FW
planning area as serious non-attainment areas. The NCTCOG models the mobile-source
emissions for this area using the verson MOBILES of the MOBILE Emissions Factor
model.

In January 2002, the EPA released an updated version of its mobile-sources
emissions model, MOBILE6. The latest of the MOBILE series is a software application
program that provides estimates of current and future emissions from highway motor
vehicles. MOBILESG calculates average in-use fleet emission factors for the three criteria
pollutants. hydrocarbons (HC), carbon monoxide (CO), and oxides of nitrogen (NOx).

These pollutants are calculated for gas, diesel, and natural gas fueled vehicles for



calendar years 1952 to 2050. Users can provide “optional” input data for the model that
reflect their local conditions. If no optional input data is provided, MOBILE uses its
default values, which are derived from national average data.

The accuracy of the MOBILE output is largely dependent on the accuracy of the
input data. Different regions have characteristics unique to them; hence the use of
nationwide averages may not be appropriate for all inputs. Using these national default
values in most cases underutilizes the capabilities of the MOBILE6 model, and therefore
the EPA and the U.S. Department of Transportation (DOT) advise non-attainment areas to
use local datain their emissions modeling procedure, if possible. MOBILES6 has a greatly
expanded vehicle classification scheme and provides a greater number of optional inputs
than previous models. These changes enable the user to enter inputs at a finer spatio-
temporal scale and ultimately derive more accurate emissions estimates. Unfortunately,
the input requirements for the MOBILE6 model are vastly different from those for the

MOBLES5 model. The main differences are in the following areas:

= Emissions, fleet, and activity data:

~ Basic exhaust emissions. There have been changes to the basic exhaust emissions
with updates to the in-use deterioration estimates for light-duty and heavy-duty
cars and trucks. Also the basic exhaust emissions must conform to the new
emission standards for light-duty and heavy-duty vehicles.

~ Speed and off-cycle effects for light-duty vehicles. For light-duty vehicles,
facility-based speed corrections, the effects of the supplemental Federal Test
Procedure (FTP) rule, and the effects of air conditioning on the exhaust emissions
have been included.

~ Heavy-duty emissions. For heavy-duty vehicles, the impact of new emission
standards has been accounted for and the emissions have been adjusted for an
excess of nitrogen oxides.

~ Effects of fuel composition: The effects of oxygenated fuels on the carbon
monoxide (CO) emissions and the explicit effects of sulfur on exhaust emissions
have been accounted for. The emissions of natural gas vehicles are modeled

explicitly.



~ Changes to evaporative hydrocarbon emissions. Diurnals and resting loss
emissions are based on new real-time and multi-day data. Liquid leaker emissions
are added to hot-soak, diurnal, running, and resting losses. For hot soak emission
calculation, new data have to be provided for fuel Reid Vapor Pressure less than
9.0 psi. A new method has been included for evaporative I/M calculations.

~ Fleet characterization: New estimates are used for nationa average mileage
accumulation, vehicle registration (age) distribution, and vehicle class counts.

~ Vehicle activity: For MOBILES, the following new activity data has to be
specified. (1) new trip- length estimates, (2) engine start soak time distribution, (3)
diurnal soak time distributions, (4) trip starts and trip ends, (5) vehicle miles
traveled (VMT) by hour of day, facility, and speed.

Structural changes. Running and start emissions are separated in MOBILEG. Start
emissions are those that occur in the first hour of the trip. They depend on the soak
duration prior to the trip, the environmental conditions prevailing during the trip start,
and vehicle characteristics such as type, age, and mileage. Running emissions are
those that occur during hot-stabilized operation. Aggregate running emissions depend
on vehicle speeds;, environmental conditions during the trip; the hour of day;
distribution of vehicle characteristics such as age, mileage, and type; VMT mix; and
the implementation of inspection/maintenance programs. In MOBILE6, the
calculation of emissions s carried out by the hour. The vehicle classification has been
expanded with the inclusion of the following subclasses. LDDV, LDGV, LDGT 1-4,
LDDT 12, 34, HDGV 2b-8b, HDDV 2b-8b, MC, HDGB, HDDB-S, and HDDB-T
(refer to Table 1.1 of Appendix I).

Changes in the input and output formats. Control flags have been eliminated in
MOBILES6. There is a more extensive use of user-supplied comments. External files
are required for registration distributions, in-use program descriptions, and local

activity data.



2. INPUT REQUIREMENTSFOR MOBILE6 EMISSION FACTOR MODEL
2.1 Introduction

MOBILES6 utilizes an input file that provides program control information and
data describing the scenarios for which emission factors are to be estimated for
calculating pollutant-specific emissions. The input file is divided into three different
sections-namely, the Control section, the One-time Data section, and the Scenario section.

The Control section manages the input, output, and execution of the program. The
One-time Data section allows the user to input emission-related parameters that differ
from the internal default values of MOBILE6. The values of these parameters are applied
collectively to all scenarios each time the program is run. The Scenario section provides
information on the individual scenarios for which emission factors are to be calculated.
Each run of MOBILE6 can include many different scenarios, and each scenario can
include different scenario parameters.

Because the Control section does not pertain to the traffic-related inputs, our
discussion will be restricted to the One-Time Data and Scenario selection sections. As
was discussed earlier, MOBILEG includes default values for a wide range of parameters
that affect emissions. These defaults are calculated to represent “national average” input
data values. Substituting default values with information related to local conditions will
result in more precise estimates of local emissions. The following subsections discuss
default values and input data required by the user for each of the inputs included in the

One-Time Data and Scenario selection sections.

2.2 0One-Time Data

The One-Time Data section includes information that isinput only oncein agiven
MOBILES6 input file. These inputs are used to alter MOBILEG6 default values to reflect
locality-specific data when such information is available to the user. Figure 2.1 shows the
one-time data inputs and the corresponding command type. Each of these inputs is
discussed briefly in the following subsections. A more detailed discussion can be obtained
from Bhat et a [2].
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Figure2.1. One-Time Data

2.2.1 Engine starts per day and distribution by hour

The number of starts per day affects engine exhaust start emission estimates for
light-duty gasoline cars, diesel passenger cars, trucks, and motorcycles. It also affects the
evaporative hot soak losses (which occur at trip ends) on al gasoline-fueled vehicles,
including heavy-duty vehicles and buses. The number of starts per day is used to calculate
the number of trips and trip ends per day. This command does not affect the emission
estimates for heavy-duty diesel-fueled vehicles and buses. MOBILES6 assigns a separate

default value for the number of engine starts per day to each of the twenty-five individual



vehicle classes at each of twenty-five vehicle age categories. These default values differ
for weekdays and weekends, though the same default value is used for all ages within a
vehicle class.

Input data required from the user:

«~ Engine starts per day values for al vehicle classes affected by the Starts Per Day
command (see Table 1.4 in Appendix | for affected vehicle classes) for the
twenty-five vehicle ages included in each day type.

«~ Average fraction of al engine starts that occur in each hour of a 24-hour day, for
both weekdays and weekends.

2.2.21/M program

The user can direct MOBILE6 to model an I/M program and define basic
information about the program to be modeled using the I/M Program command. If the
user chooses not to use this command, MOBILEG6 assumes no I/M program isin place.
Input data required from the user:

«~ The number of I/M programs that will be used in the run.
«~ Calendar year that the program began (1960-2051).

«~ Calendar year that the program ended (1960-2051).

«~ Fregquency of inspection (biennia or annual).

«~ |/M program type.

« |/M inspection type.

In order to specify the first and last model years that will be covered by the I/M
program to be modeled, the user is required to use the I/M Model Y ears command. The
I/M Vehicles command identifies which vehicle types are included in the I/M program to
be modeled. The I/M Stringency command is required when an exhaust I/M program is
being modeled. Using this command, the user is able to define the expected exhaust
inspection failure rate for pre-1981 model year vehicles included in the I/M program
being model ed.

The I/M Compliance command lets the user specify the percentage of vehicles in
the fleet that complete the I/M program and receive either a certificate of compliance or a

waiver. The I/M Waiver Rates command alows the user to specify the number of



vehicles that fail aninitial I/M test and receive a certificate of compliance after failing the
retest.

The I/M Exemption Age command allows the user to specify the age at which the
vehicles become exempt from the I/M program that is being modeled. The age at which
vehicles first become subject to I/M testing is specified using the I/M Grace Period
command. Thisinput gives the user the ability to model programs that exempt the newest
vehicles from the requirements.

The I/M Effectiveness command is used to enter separate effectiveness values for
each of the three pollutants-hydrocarbons, carbon monoxide, and nitrogen oxides. This
command is used as a correction factor that reduces the exhaust I/M credit for test and

repair programs by the percentage input by the user.

2.2.3 Stage Il refueling emissions inspection program
The Effects of Stage Il on Refueling Emissions command permits the user to
model the impact of refueling emissions required by a Stage Il vapor recovery system.
There is no default calculation of impact of a Stage |1 program.
Input data required from the user:
~ Calendar year (1989-2050).
 Number of phase-in years of the program (1-9 years).
«~ The percent efficiency for the light-duty gasoline vehicles (LDGV's) and the light-
duty gasoline trucks (LDGTS) in the program (0%-100%).
~ The percent efficiency for the heavy-duty gasoline vehicles (HDGVS) in the
program (0%-100%).

2.2.4 Stage Il Anti-Tampering program description
The user has the option to model the impact of an anti-tampering program using
the Anti-Tampering Programs command, but no default values are supplied.

Input data required from the user:
«~ Calendar year that the program began (1960-2050).
«~ The earliest model year to be covered by the program (1960-2050).



«~ Thefina model year to be covered by the program (1960-2050).

«~ Knowledge of which vehicle class is included in the program; vehicles included
are light-duty and heavy-duty gasoline vehicles and gasoline buses.

«~ Freguency of inspection (annua or biennial).

«~ Compliance rate for the anti-tampering program (0%-100 %).

~ Knowledge of which vehicle components will be inspected; components include
air pump system disablement, catalyst removal, fuel inlet restrictor disablement,
fuel inlet restrictor disablement, tailpipe lead deposit test, EGR disablement,
evaporative system disablement, PCV system disablement, and missing gas cap.

2.2.5Vehicleregistration distribution
The Distribution of Vehicle Registration command allows the user to supply
vehicle registration distributions by vehicle age for any of the sixteen composite
(combined gas and diesel) vehicle types. A list of these vehicle types can be found in
Appendix I, Table 1.2. Vehicle age involves a 25-year range, with vehicles 25 years and
older grouped together.
Input data required from the user:
«~ Vehicle registration data for each of the twenty-five vehicle ages for one or more
of the sixteen composite vehicle types.
~ Each composite vehicle type requires twenty-five age fractions, representing the

fraction of vehicles of that age in that composite vehicle classin July.

2.2.6 Annual mileage accumulation by vehicle class
The Annual Mileage Accumulation Rates command allows the user to input the

annua mileage accumulation rates by vehicle age for any of the twenty-eight individual
vehicle types. A list of these vehicle types can be found in Appendix I, Table 1.1. As
mentioned above, vehicle age involves a 25-year range, with vehicles 25 years and older
grouped together.
Input data required from the user:

~ The total annua travel miles accumulated per vehicle of a given age for the

twenty-eight vehicle categories.



2.2.7 Natural gasvehiclefractions
The Natural Gas Vehicles Fraction command allows the user to give the
percentage of vehicles in the fleet that are certified to operate on either compressed or
liquefied natural gas in each of the twenty-eight individual classes (Appendix I, Table
1.1) beginning with the 1994 model year. The default fraction of NGV vehicles in the
fleet is equal to zero.
Input data required from the user:
~ Number of vehicles that are NGV for the twenty-eight individual classes for the
years 1994-2050.

2.3 Scenario Selection

The Scenario data are used to assign values to those variables that specificaly
define each of the scenariosto be evaluated. Figure 2.2 shows the scenario inputs and the
corresponding command type. Each of these inputs is discussed briefly in the following
subsections. A more detailed discussion can be obtained from Bhat et al [2].

2.3.1 Diesel salesfraction
The user can input locality-specific diesal fractions for fourteen of the sixteen
composite vehicle categories (see Appendix |, Table 1.3) by vehicle age by using the
Diesdl Sales Fraction command. The two vehicles included are urban/transit buses and
motorcycles, al of which are assumed to be diesel fueled.
Input data required from the user:
~ Diesdl fractions by age (1-25 years) of vehicle for each of the fourteen vehicle
types to come up with 350 separate diesel fractions.

2.3.2 Distribution of vehicle milestraveled by vehicle class

The Vehicle Miles Traveled Fraction (VMT) command permits the user to assign VMT to
specific vehicle types. VMT mix inputs must consist of a set of sixteen fractional values,
representing the fraction of total highway VMT accumulated by each of the sixteen
combined vehicle types (see Appendix I, Table 1.2).

10



Input data required from the user:

«~ Calendar year of evaluation.
«~ Vehicle population data for the sixteen composite vehicle classes.

«~ Vehicle registration by age distribution.

«~ Mileage accumulation data.
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2.3.3 Distribution of vehicle milestraveled by roadway type, speed, and hour

The VMT by Facility command involves computing VMT on various roadway or
facility types by vehicle class. The user may enter VMT distributions for each of the
twenty-eight vehicle classes (see Appendix I, Table 1.1) across the four roadway types for
each of the 24 hours of the day. The four roadway types include freeway, arterial, local,
and ramp.

Input data required from the user:
«~ Fractional values for the four roadway types at each of the 24 hours of the day for
agiven vehicle class.
«~ Thedistributions for each hour must add up to one.

If the VMT by Facility cannot be obtained or is not needed, the user can instead
assign afraction of VMT occurring at each hour of the day that is independent of facility
type using the VMT by Hour command. Total VMT is allocated among the 24 hours of
each day.

Input data required from the user:
~ Tota VMT for the 24 hours of the day.

The Speed VMT command allows the user to allocate VMT by average speed on
freeways and arterial roads. The VMT distribution over fourteen pre-selected average
speed ranges is used. MOBILEG6 then calculates these distributions for each of the 24
hours of the day and for freeways and arterials.

Input data required from the user:
~ VMT distribution.
~ Average speeds.

2.3.4 Aver age speed distribution by hour and roadway type

The Average Speed command permits the user to designate a single average speed
to usefor al the freeways and/or arterial/collectors for the entire 24 hours of the day. The
user can enter a single value instead of a distribution, as in the case of the Speed VMT

command.
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Input data required from the user:
«~ Average speed value ranging from 2.5 to 65 mph.
«~ Theroadway scenario the user wants to model; choices include the following.
o Non-ramps. al VMT occurring on freeways, not including ramps.
o Freeway: all VMT occurring on freeways, including ramps.
o Arteria: al VMT occurring on arterial/collector roadways.
o Areawide: VMT occurring on al roadway types as determined by the VMT

by Facility command.

2.3.5 Averagetrip-length distribution
Trip-length activity estimates are used to calculate running loss emissions.

Running loss emissions are evaporative emissions that is, emissions that have escaped
from a vehicle while the engine is operating. The rate of running emissions is assumed to
continually increase as a function of trip length until it reaches a plateau at a trip length of
about 50 to 60 minutes. The 24-hour day was divided into fourteen different hourly
groups. The hourly intervals are shown in Table 2.2 in Appendix 1.
Input data required from the user:

«~ Trips per vehicle per day for cars and trucks.

« Distribution of vehicle trips by hourly groups on the basis of VMT.

«~ Knowledge of whether trips occur during weekend or on a weekday.

~ Trip length of vehicle trip (see Appendix Ill, Table 3.1 for trip duration

categories).

2.3.6 Hot soak duration

Hot soak emissions occur when fuel vapors escape from a hot vehicle that has just
been turned off. The emissions are highest immediately after the engine is shut down and
decrease over time, reaching a baseline level in about an hour. Hot soak emissions are
truncated if the engine is turned on again before the baseline has been reached (before an
hour has elapsed). MOBILE6 assumes that hot soak durations range from 1 minute at
minimum to a maximum of 60 minutes. The hot soak time distributions reflect the
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number of vehicles experiencing a hot soak of a given duration (1 to 60 minutes) at each
hour of the day. MOBILESG divides the day into fourteen time periods, one for each hour
between 6 am. and 7 p.m., plus one for the hours from 7 p.m. through 5 am. the next
day. MOBILEG6 computes hot soak emissions for each minute of each hour and weights
these emissions by the fraction of vehicles experiencing a hot soak at that time.
Input data required from the user:
~ Hot soak activity values representing the fraction of vehicles experiencing a hot
soak of each duration (1 to 60 minutes) at each of the fourteen time periods of the

day (see Appendix |11, Table 3.2 for fourteen time periods).

2.3.7 Engine start soak time distribution by hour
A vehicle is defined to be “soaking” if its engine is not running. Soak time is the
time interval between when an engine is turned off and the next time it is started. The
MOBILE6 model contains a soak length distribution for each of the fourteen hourly
groups for weekdays and weekends (refer to Appendix Il, Table 2.1). Each of these
distributions contains seventy values representing a range of soak durations varying from
0 to over 720 minutes. From the soak time data, the model computes the percentage of
vehicles that have been soaking for a given amount of time prior to an engine start for
each hour of the day. This, in turn, affects start emissions, which depend on the length of
soak time. The same soak time distributions are applied to al vehicle classes and all
vehicle ages.
Input data required from the user:
«~ Values for each of the seventy soak durations for each of the 24 hours of the day
for week and weekend days (3,360 values).
«~ The seventy values representing the percentage of soaks with a particular range of

soak length occurring in aparticular hour of the day.

2.3.8 Full, partial, and multiple diurnal distribution by hour
Diurnal emissions are much like evaporative emissions, excluding those that occur
during vehicle running, starting, or hot soak operation. They generally occur over a period

of several hours and have to be distributed across different hourly groups. In the
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MOBILE6 model framework, three types of diurnals are defined. The first type is the
multi-day diurnal. This type occurs if a vehicle is operated and then “soaks’ (is parked)
for two or more days, during which it experiences two or more cycles of thermal gradients
sufficiently large enough to raise fuel tank temperatures past a threshold value. The
second typeisthe full or one-day diurnal. Thistype of diurnal starts prior to the beginning
of the temperaturerise (i.e., prior to 6 am.) and can last for up to 24 hours. The third type
is the interrupted diurna. This type is similar to the previous ones, except that the soak
periods range from a minimum of one hour up to 24 hours, and they start later in the day
(i.e., the vehicle is operated during the morning so that the early morning heat build,
beginning at 6 am., isinterrupted). The diurnals, which range from 25 hours to 48 hours,
are acombination of a one-day diurnal and an interrupted multi-day diurnal, depending on
when they start.
Input data required from the user:
~ Values representing the fraction of vehicles that experience a diurnal of each
duration (72) at each time period of the day (18) (1,296 valuestotal).
~ MOBILE6 assumes that diurnal soak times range from 1 hour at a minimum to a
maximum of 72 hours.
-~ Diurna emissions are calculated to be zero from 12 am. to 6 am., because

temperatures fall during the night (hence, 18 time periods in the day).

2.3.9 Calendar year
The calendar year command allows the user to specify a four-digit value for the
calendar year for which the emission factors are to be calculated, known as the calendar
year of evaluation. There is no default value for the calendar year.
Input data required by user:
~ Calendar year between 1952 and 2050.

2.3.10 Month
Using the Month command, the user is required to specify either January 1 or July
1 as the date of calculation of the emission factors. January 1 is the default value. The

specified month will affect emission computations in the following ways.
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oo Change in the composition of the fleet (July will include an additional 6
months of fleet turnover).

oo Change in the way reformulated gasoline effects are modeled. If January is
selected, winter rules for RFG are applied, and if July is selected, summer rules
for RFG are applied.

Input data required from the user:
«~ Knowledge on which season’s rules are applied for reformulated gasoline effects.

2.3.11 Hourly temperature

In the specification of temperatures, the user has two options. The first option is
to specify the daily minimum and maximum temperatures, as in previous versions of the
MOBILE model. The second option is to specify the 24 hourly temperatures. There are
no default values for this command. MOBILE6 uses the maximum and minimum daily
temperatures to perform temperature corrections to exhaust HC, CO, and NOy; diurnal,
hot soak, running loss, and resting loss portions of evaporative HC; and temperature of
dispensed fuel to calculate refueling emissions.
Input data required by user:

e Daily minimum and maximum temperatures or twenty-four hourly temperatures.

2.3.12 Altitude

This command lets the user specify whether emissions are to be calculated for a
low altitude region (approximately 500 feet above sea level) or for a high altitude region
(approximately 5,500 feet above sealevel). The MOBILEG default is low altitude.
Input data required by user:

« For which altitude region (high or low) the emissions are being cal culated.

2.3.13 Weekend/weekday

Weekend activity patterns of vehicle owners are significantly different from
weekday patterns. Using this command, the user is allowed to specify whether MOBILE6G
should use weekday or weekend data in its computations. By default, MOBILE6 uses
weekday datain its computations.
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Input data required by user:
« From which days of the week the data is obtained.

2.3.14 Fuel characteristics

MOBILE6 alows the user to model the impact of various gasoline fuel
parameters. The user can specify one of two Tier 2 sulfur phase-in schedules to model the
impact of a reformulated gasoline program or to specify the sulfur content for gasoline
after 1999. For a more comprehensive discussion on the options available to the user,
refer to Bhat et al. [2].
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3. TRAFFIC RELATED INPUT NEEDS FOR MOBILE6 MODEL

This section discusses the needs of the MOBILE6 model in terms of traffic-
related inputs. The latest revision to the MOBILE series of models poses some important
challenges in improving traffic-related inputs. MOBILE6 allows a very high temporal
resolution during the day for al traffic indicators. Specifically, hourly input can be
provided for each hour of the day instead of 24-hour averages. Secondly, MOBILEG6
fleet characterization projections of future vehicle fleet size and fraction of travel are
based on severa dimensions such as vehicle age, mileage accumulation rate, and 28
vehicle classes (expanded from eight classesin MOBILES).

Three of the most important traffic-related inputs are the vehicle registration
distribution, annual mileage accumulation rate, and the distribution of vehicle miles
traveled (VMT) by vehicle class and roadway type. This section discusses in detail two of
these traffic-related inputs for which relevant data could be obtained-namely, vehicle
registration distribution by age and VMT mix by time of day. The mileage accumulation
data are more difficult to model at the local level primarily because odometer readings
are typically not recorded on an annual basis unless an inspection maintenance program
is operational in the area under consideration. In our research effort, such data could not
be obtained, and hence mileage accumulation rates were not modeled. Hence, the focus
of this research has been the modeling of vehicle registration distribution and VMT
distribution of the MOBILES6 vehicle classes.

a) Registration distribution by age and vehicletype

Registration distribution refers to the distribution of the regional in-use fleet among age
and various vehicle classes. MOBILEG alows the user to input twenty-five age fractions
for each of the 16 composite vehicle types (see Appendix I, Table 1.2). These represent
the fraction of vehicles of each vehicle class for each age group. Granell et a. [10] have
examined the variation in regional composition of vehicles. They found that there are
severa local factors, such as socio-economic characteristics, land use patterns, and local

roadway management practices, affecting vehicle purchase decisions.

b) Vehicle milestraveled (VMT) by vehicle class
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The MOBILE5 model allowed users to enter the fractions of VMT for eight vehicle
classes. However, the user was allowed to specify only a single value for each day
representing the average over a 24-hour period. The new model allows the user to
specify 24 hourly values for a greatly expanded set of twenty-eight vehicle classes (see
Table 1.1 of Appendix 1), representing the fractions for each hour of the day. The
variation of traffic volumes over the day and the implications for mobile-source
emissions can now be modeled. For each roadway link in a study region, the fraction of
VMT accumulated by each of the twenty-eight vehicle classes for every hour of the day
can be specified. These fractions must add up to one across all vehicle classes for each

hour, and also across all times of the day for each vehicle class.

3.1 Registration Age Distribution
3.1.1 Introduction

The registration distribution by vehicle age is an important descriptor of the
vehicle fleet. Registration distributions by age, for each of the vehicle types in the moddl,
are a set of twenty-five fractional values (0.0 < each individual fraction < 1.0, and they
sum to 1.0) that represent the fractions of vehicles (of the particular vehicle class)
belonging to each age category. One of the important revisions to the MOBILE model
has been the expansion of the vehicle classification from eight classesin MOBILES to 28
vehicle classes in the MOBILE6 version [2, 9]. For the purpose of registration
distribution, these twenty-eight classes are aggregated into sixteen groups (see Appendix
|, Table 1.1 and Table 1.2 for both classifications). This expanded classification of
vehicles is designed to translate into more accurate emissions factors. However, these
changes to MOBILEG6 pose challenges in terms of data collection and analysis. Typically,
agencies that collect vehicle information, such as the state Departments of Transportation
(DQOTs), do not follow the MOBILE classification. Hence, it is necessary to trandlate the
vehicle information obtained from such sources into MOBILE classesin order to develop
the age distributions. The use of local registration data requires considerable effort in
linking the vehicle records, using GIS, to the locations at which they are registered.
However, this approach has substantial benefits in terms of more accurate predictions of

future distributions. Previous research efforts in this area have demonstrated the
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advantages of this procedure. Granell et a. [10] examined the variation in regional
composition of vehicles. They found that there are severa local factors affecting vehicle
purchase decisions such as socio-economic characteristics, land use patterns, and local
roadway management practices. Qiao et a. [15] have aso developed models to predict
future age distributions. They show that the absolute number of vehicles for a particular
vehicle type with a particular age in a certain area can be regarded as a function of
predictable socioeconomic indices such as population, average income, household
population density, and so forth. However, both these efforts focused on developing
distributions at the relatively less disaggregate county level.

In this analysis we investigate the impact of zonal demographic variables such as
employment, population density, and median zona income as well as zonal land use
patterns on the registration distribution for the various vehicle classes in the MOBILEG
classification. The level of analysis is highly disaggregate-namely, the traffic analysis
zones (TAZs) level. The area of study is the Dallas Fort Worth metropolitan area. A
fractional split model is proposed for predicting the age distributions for future years.
Sections 3.1.2 and 3.1.3 describe the acquisition of registration data, data analysis, and
development of the baseline registration distribution by age (for the year 1998). Section
3.1.4 describes the model structure used. The model was calibrated using registration data
for the year 1998, acquired from the TxDOT’s Vehicles and Titles Registration (VTR)
division. The calibration results and the interpretation of results are presented in Section
3.15.

3.1.2 Data acquisition
3.1.2.1 Registration data
Vehicle registration data for the year 1998 for the Dallas Fort Worth region were

obtained from the Texas Department of Transportation’s (TXDOT) Vehicles and Titles
Registration (VTR) divison. The information collected by the VTR includes the
following.

- Addresses of the current and former owners of the vehicle.

-~ The make and model of the vehicle.

«~ The grossweight of the vehicle.
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» Theregistration class code.
«~ Year of registration.
~ A variable that indicatesif the fuel type (diesel/gas) of the vehicle.
This information is available specific to each county. Registration data for Collin,
Dallas, Denton, Ellis, Johnson, Kaufmann, Parker, Rockwall, and Tarrant counties were

acquired.

3.1.2.2 Maps and zonal data

The GIS road network maps for each of the counties mentioned in Section 3.1.1
were obtained from the Census Bureau website [19]. These county level maps were
combined to obtain the road network map for the DFW region. A GIS map of the 858
transportation analysis zones (TAZs) in the DFW area was available from an earlier
research effort (TxDOT Project 0-1838).

Demographic and land use data for the TAZs were aso available from the
aforementioned research project. The demographic variables available were zonal
population, median income for each zone, and employment in each of three sectors: basic
(such as agriculture-related industries), retail (includes manufacturing, retail, and
wholesale units) and service (such as administrative offices, banks, etc.). Zonal land use
variables included the total acreage of each zone and the acreages of each of the
following land uses. arports, offices, retail, hotel/motel, manufacturing
plants’warehouses, parking structures/lots, and transportation and communication

facilities.
3.1.3 Data analysis and development of baselineregistration age distribution

3.1.3.1 Vehicle classification

Vehicle records with missing weight or year of registration were dropped from the
data set. In addition, those records missing registration class or the make of the vehicle
were discarded. The vehicles in the data set were categorized into the sixteen-vehicle
MOBILES classification (see Table 1.2 of Appendix |) using the registration class codes.

Certain registration codes provided no information on the vehicle type. For instance, the

! Thisisacode that classifies the vehiclesinto various categories for registration purposes. For example,
registration class code 25 represents passenger vehicles under 6,000 Ibs.
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category “exempt” comprises vehicles of various types that are exempt from registration
such as fire engines, police cars, official vehicles, and ambulances. For such categories,
where the vehicle could not be classified on the basis of registration class, the vehicle
make and the gross vehicle weights were used to classify the vehicles. For light-duty
trucks, there was no information on the loaded vehicle weights (LVW), hence the
classification was done solely on the basis of gross vehicle weight rating (GVWR).
Light-duty trucks were classified into the combined classes Light-Duty Trucks 1 (LDT1)
+ Light-Duty Trucks 2 (LDT2), and Light-Duty Trucks 3 (LDT3) + Light-Duty Trucks 4
(LDT4). Buses could not be classified into School Buses (HDBS) and Transit and Urban
Buses (HDBT) because this information was not available in the data set. Hence, buses
were categorized into the combined bus class (HDBS+HDBT). In total, there were 13
vehicle classes.

The age of each vehicle was determined using the year of registration field.
Twenty-five vehicle categories were created with ages ranging from 1 to 25 and above.
All vehicles over 25 years of age were categorized in the last category. The records
corresponding to each age/vehicle class combination were stored in separate files. The
twenty-five age groups for the thirteen vehicle classes yielded 325 files.

3.1.3.2 Geo-coding

Geo-coding is the process of matching each record in the table of addresses to a
physical location on the GIS map. The matched records are represented by symbols on
the map and are stored in a GIS layer. Figures 3.1 and 3.2 illustrate the geo-coding
process.

Each of the 325 files obtained using the procedure above was geo-coded onto the
DFW road network map using the GIS platform TransCAD. During the geo-coding
process, a number of records could not be matched to map locations. A possible reason
for this could be errors in the input addresses such as incorrect address formats or
incomplete addresses. The addresses collected by the VTR were recorded at the time of
purchase of the vehicle. The data set contained some vehicles that had been purchased in
other cities and states, and these contributed to the unmatched records. The statistics for
unmatched records in each category are available in Table 4.1 of Appendix 1V. Note that
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the average percentage of unmatched records is much lower for vehicles such as cars and
motorcycles, which are mostly individually owned, as compared with those for the
heavy-duty truck and bus categories, which are typically owned by firms. This could be
because there is more “fluidity” in the fleet ownership of firms. For instance, a trucking
company may move afleet of trucks registered in Californiato operations centered in the
DFW area. Such a fleet would not be matched in our procedure and would contribute to
the unmatched segment. The proportion of unmatched light-duty trucks is in between the
values for cars and heavy-duty trucks. This might be because even though light-duty
trucks are popular individually owned vehicles, they are also used extensively by alot of
small firms.
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4100 COLUMBUS TRAIL FORT WORTH ™ 761
2929 COUNTRY PLACE CIRCLE CARROLLTON ™ 750
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RT 2 ROX 41 CELINA ™ 75
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AT 2 BOX 41 CELINA ™ 75
11333 CO RD 99 CELINA ™ 750
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Figure 3.1 Map of TransCAD DFW region and addresstable before

geo-coding of addresses
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Figure 3.2 TransCAD map of DFW region after geo-coding of addresstable

The spatial variation across zones of the age/vehicle class distributions cannot be
captured for the unmatched records. However, a comparison of the vehicle class-specific
age distributions for the entire DFW area and for the unmatched segment indicates that
for most vehicle classes the distribution for the latter group isfairly similar to that for the
former. Plots of these comparisons are shown in Figures 4.1 to 4.13 in Appendix V.
Hence, it is reasonable to assume that the distribution of vehicle age and class across the
geo-coded segment is the same as the distribution across the entire vehicle population.

3.1.3.3 Aggregation within TAZs and development of fractions

The Dallas Fort Worth planning region consists of 858 Transportation Analysis
Zones (TAZs). All the 325 output GIS maps obtained from the above geo-coding process
were overlaid with the TAZ map layer, and the number of geo-coded points within each
zone were aggregated. These aggregate values represent the number of vehicles of each
age/vehicle class category belonging to each of the TAZs. A datatable of the aggregate
values across twenty-five age groups for each vehicle class was assembled. From these
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values, the fractions of vehicles in each age group are easily calculated by dividing each
value by the sum of values across the twenty-five age groups. As mentioned earlier, the
light-duty truck classes were combined into two classes because loaded vehicle weight
data was unavailable. The combined classes LDT1+LDT2 and LDT3+LDT4 are broken
up into LDT1, LDT2, LDT3, and LDT4 using the procedure in the MOBILE6 User’s
Guide [9] for conversion of MOBILES registration input into MOBILE6 format. The
combined class LDT1+LDT2 represents the LDT Group 1 class of MOBILES. The
combined class LDT3+LDT4 corresponds to the LDT Group 2 class. The adjustment
factors A, B, C, and D were assumed to be for the year 1998 and were obtained from
Appendix D of the MOBILE6 User's Guide. The number of transit and school buses
were assumed to be equal, and the bus fractions were assigned in equal proportions to the
two MOBILES6 classesHDBS and HDBT.

The final product of the above procedure is the set of twenty-five age fractions for
sixteen classes of vehicles for each of the 858 transportation analysis zones (TAZS) in the
DFW area for the year 1998. The distributions for future years can be predicted using a
fractional-split multinomial model, which is discussed in section 3.1.4.

3.1.4 Fractional response model structure

The model structure used in this study is the fractional-split model proposed by
Bhat and Nair [1] to predict the vehicle miles traveled (VMT) mix as a function of
roadway and zonal characteristics. The fractional split model is a useful formulation for
modeling the distribution of vehicle age fractions among various age categories because
it accommodates the boundary values of the age fractions in each age category and is
easy to estimate using available econometric software. The model can be very easily
applied to forecast the future fractions for each age category.

3.1.4.1 Background

Fractional response variables arise in severa transportation anaysis contexts.
Examples of such variables include the proportion of intercity trips made by each of
several travel modes, time spent by an individua in one of severa activity types (work,

recreation, shopping), the fraction of vehicle miles traveled by various modes on a
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roadway link, and (as in the present analysis) the fraction of registered vehicles in each
age category in each zone of an area. A characteristic of all these analyses is that the
variable of interest is in the form of fractions. The sum of the fractions across all
categories of the variable is equal to one, and each fraction is bounded between zero and
one. Further, one or more of the fractions may take the boundary values of zero or one. In
the subsequent discussion we present the fractional-split model structure in the context of

registration distribution by age.

3.1.4.2 Quasi-likelihood estimation

The model employed in this research is an extension of the binary fractional-split
model proposed by Papke and Woolridge [14]. It isidentical to the structure used by Bhat
and Nair [1] to predict the distribution of VMT on roadway links.

Let yq be the fraction of vehicles of agei (i=1,2,...,I) in zone q. Let this fraction
be afunction of avector x, of relevant explanatory variables associated with the attributes
of the zone g. The approach used here does not need any ad hoc adjustment for boundary
vaues of the dependent variable fractions and specifies a model for E(y, [X,). The

approach makes no assumptions about the distribution of yg conditional on x4 and is easy
to implement using available econometric software.

The econometric specification is as follows:

E(Yq 1%) =G (%), 0" G()" 1, ZGJ () =1 where oo=(cg, cq,...., )" (1)

G (.),(i=212,...,1) inthe above equation is a pre-determined function, and the properties
specified above ensure that the predicted fraction of vehicles in each age category for any
zone will lie in the interval (0,1) and will sum to 1 across age categories. The
econometric model specified in equation (1) is well defined even if y; takes on the value
of 0 or 1 with non-zero positive probability. No assumption is made about the true
underlying conditional distribution of y, given Xq. This is considered unknown and can
have any underlying structure.

The « parameter in the conditional mean model of Equation 1 is estimated by

maximizing a likelihood function associated with a family of probability distributions,
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which does not necessarily contain the true unknown distribution. The label “quasi-
likelihood estimation” is used for such estimations. Specifically, we use the multinomial

log-likelihood function in the quasi-estimation:
|

Lq(”):zyqi|096i(°°1xq)- )
i=1

The multinomial quasi-likelihood estimator used above belongs more generally to
the linear exponential family (LEF). We assume the functiona form of G; in the
conditional mean specification of equation 2 to be multinomia logit because this

structure is easy to program and implement. In this specification we write the following:

Gi(oo,xq): |e q '
ze""JXq
where co=(eg, oq,...., q)". (3)

3.1.5 Empirical results

In the subsequent discussion, the term age-fraction is used to denote the
proportion of vehicles of a particular vehicle type that belong to a particular age group.
For instance, the age-fraction of 10-year old cars in a zone denotes the fraction of all cars
in the zone that are 10 years old. For each vehicle class twenty-five age-fractions are
required by MOBILES. The first twenty-four represent the fractions for ages 1 to 24, and
the last fraction represents the fraction in the age category 25 years and older.

The descriptive statistics of the dependent variable (i.e., the age fractions for each
age category) for each of the vehicle classes are provided in Table 4.2 of Appendix V.
The portion of cars and light-duty trucks over the age of 10 is significantly lower than the
mean proportion of other vehicles over the age of 10. Thisisafairly intuitive observation
because the frequency of fleet turnover of individual/personal vehicles is likely to be
higher than that for commercial vehicles. The model results corroborate this intuition.

Fractional-split models were estimated using LIMDERP to obtain the registration
distributions by age for each of the thirteen vehicle classes for which the baseline
distributions were developed. The estimates of the p parameter vector for each of the
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classes are shown in Table 4.3 of the Appendix IV. The interpretation of the coefficients

for each of the vehicle classes is discussed below.

Light-Duty Vehicle (LDV) Class - Passenger Cars
The explanatory variables that proved significant were the zonal median income, the

population density of the zone, and the zonal employment level.

a) Zonal Median Income: The base age category for this variable is the age group
consisting of cars less than 10 years of age. The negative coefficient of the variable
MINC1025 indicates that zones with high median incomes are likely to have low
proportions of cars over the age of 10. High zonal median incomes imply that most
individuals in the zone have good living standards and are likely to own relatively new

cars and there will be fewer used (second-hand) cars.

b) Population Density of the Zone: This variable was obtained by dividing the zonal
population by the area of the zone (in thousands of acres). The results from the model
estimation indicate that the zones with high population densities are likely to have higher
proportions of carsin the age ranges 4 —14 years and 16 - 18 years. The coefficient of the
variable POPD418 indicates that the proportion of cars in the age group 4 - 14 and 16 -
18 is likely to be higher than all the other age categories combined (which form the base
category). Densely populated zones are usually located in CBD areas where transit
service is likely to be frequent. This combined with a shortage of inexpensive parking
may discourage frequent purchase of new vehicles. However, people would still not be
willing to hold on to their vehicles beyond a certain age, approximately 15 - 20 years.
Hence most of the vehicles are likely to be in the “young” to “middle age’ categories.

c¢) Zonal Employment Level: The coefficient of the variable EMP325 indicates that zones
with higher levels of employment are likely to have a higher proportion of cars under the
age of 3 years as compared with the proportion of carsthat are three years of age or older.
Higher employment levels may indicate greater prosperity and economic activity of the
zone. Hence, these zones are likely to have a greater proportion of new cars.

29



Light-Duty Truck Classesl1and 2 LDT1+LDT2 (Gross Weight ” 6,000 Ibs)

This category comprises smaller sized pick up trucks, smaller sports utility
vehicles (SUVs), and mini-vans. The zona median income, the population density of the
zone, and the zonal employment level were found to have significant impacts on the age

distribution of vehiclesin each zone.

a) Zonal Median Income: The effect of high zonal median income for light-duty trucks
less than 6,000 Ibs. is similar to that for passenger cars. In addition, the results indicate
that in zones with higher median incomes the proportion of older vehicles decreases with
increasing age. Thisisindicated by the relative magnitude of the coefficients of MINC38
and MINC925. The coefficient of MINC925 is lower than the coefficient of MINC38,
implying that, for zones with higher median incomes, the proportion of light-duty trucks
in the age category of 9 years and above islikely to be lower than the proportion of light-
duty trucks in the age category of 3 - 8 years. The base age category for this variable is
the age group consisting of light-duty trucks less than 3 years of age. High zonal median

incomes imply good living standards and hence more new pickups, minivans, and SUVs.

b) Population Density of the Zone: The population density for each zone was calculated
by dividing the zonal population by the area of the zone (in thousands of acres). The
results from the model indicate that the zones with higher population densities are likely
to have a higher proportion of light-duty trucks in the age ranges 6 —13 years and 16 - 18
years as compared with the other age categories. This result is similar to that of
population density for passenger cars, and the interpretation is identical. Residents may
be driven to retain vehicles that are “middle-aged” in densely populated CBD areas
where parking comes at a premium and transit availability and frequency reduce auto

dependence.
¢) Zonal Employment Level: The results from the model indicate that zones with higher

level of employment are likely to have a higher proportion of light-duty trucks under the
age of 3 years as compared with the proportion of light-duty trucks that are of age 3 years
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or older. Thisresult is again very similar to that of zonal employment on passenger cars,
and the interpretations are identical. The results are consistent with the expected effects

of employment on personal vehicle fleet turnover.

d) Area of Retail Trades and Services. The model results indicate that zones with high
retail acreage are likely to have a higher fraction of light-duty trucks over the age of 3
years. High retail acreage can be taken to be indicative of the presence of numerous
retailers or large retailers in the zone. Retail merchants use fleets of light-duty trucks that
are likely to have low frequency turnovers, i.e. vehicles are likely to be retained longer.
Light-duty commercia vehicles are typically retained for longer periods than personal

vehicles. Hence, the proportion of new vehiclesislikely to be lower.

€) Area of Parking Structures and Lots in the Zone: The results indicate that greater
availability of parking (measured in acres of parking lots) implies a higher proportion of
vehicles under the age of 11 years. The availability of parking in the zone is likely to
influence the vehicle purchase decisions of individuals in the zone. Shortage of parking
space, high parking costs, and so forth. may deter individuals from buying new light-duty
trucks. Hence, the proportion of new light-duty trucks may be low in zones with a

shortage of parking structures.

Light-Duty Truck Classes3and 4 LDT3+LDT4 (6,000 Ibs.< Gross Weight” 8,500
Ibs.)

This category comprises large-sized pick up trucks, large SUVs, and vans. The
zonal median income, the population density of the zone, and the retail acreage in the
zone were found to have significant impacts on the age distribution of vehicles in each

Zone.

a) Zonal Median Income: The coefficients for the zonal median income variables indicate
that zones with higher median incomes are likely to have alower proportion of light-duty
trucks of age 5 years and older as compared with the proportion of such vehicles under

the age of 5 years. This effect is similar to that of income on passenger cars and light-
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duty trucks < 6,000 Ibs. The interpretation of the result is identical. Prosperous zones are
likely to have more new vehicle purchases in any year than other zones. Hence the

fraction of newer SUV's, pick up trucks, and vansislikely to be higher.

b) Population Density of the Zone: The population density for each zone was calculated
by dividing the zonal population by the area of the zone (in thousands of acres). The
results indicate that the zones with higher population densities are likely to have a higher
proportion of light-duty trucks aged 7 years and above as compared with the proportion
of such vehicles under the age of 7 years. This effect is identical to that for the passenger
cars and light-duty trucks < 6,000 Ibs. category. In a given year, the number of purchases
of large SUVs, pick up trucks is likely to be lower in densely populated CBD zones
where the high premium on parking and restrictions on space would discourage people

from buying alarge vehicle.

c) Area of Retail Trades and Services: The model results indicate that zones with high
retail acreage are likely to have a higher fraction of large pick-ups over the age of seven.
This result is identical to that for light-duty trucks < 6000 lbs. The turnover rates of
commercia light-duty trucks are likely to be low, and hence the proportion of new

vehicles being infused into the fleet in any given year islikely to be low.

Heavy-Duty Trucks (HDV 2B) (Gross Weight 8,501-10,000 Ibs.)

This category comprises small-sized heavy-duty trucks. The level of basic
employment in the zone and the acreage of industrial units in the zone were found to have
significant impacts on the age distribution of vehiclesin each zone.

a) Zonal Basic Employment: The level of employment in basic industries such as
agriculture-based industries, forestry, and so forth is indicative of the size of such
industries in that zone. The base category in this analysis is the proportion of heavy-duty
trucks aged 1 year. The model results indicate that zones with a high presence of basic
industries are likely to have a greater proportion of vehicles in the age category of 2 - 15

years as compared with the base category. However for such zones the proportion of
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vehicles in the age category 16 years and above is likely to be lower than the proportion
in the base category. This indicates that basic industries are more likely to have “young”

to “middle-aged” heavy-duty trucks, rather than older or brand-new ones.

b) Zonal Acreage of Infrastructure (Airports, Transportation/Communication): The
model results indicate that vehicles under 5 years of age are likely to be greater in number
as compared with older vehicles in zones that have a significant presence of infrastructure
such as airports and transportation/communication facilities. The presence of sizeable
infrastructure such as airports, transportation, communication facilities and so forth is
likely to influence the age distribution of heavy-duty trucks in the zone. Vehicles owned
by agencies that operate such infrastructure are likely to be used frequently. For example,
the use of small-sized heavy-duty trucks for transportation around airports is
considerable. Such agencies can also afford to replace vehicles that have been subject to

wear more frequently. Hence, the fraction of younger vehiclesislikely to be higher.

Heavy-Duty Trucks (HDV 3) (Gross Weight 10,001-14,000 Ibs.)

This category comprises medium-sized heavy-duty trucks. The zonal median
income, the acreage of industria unitsin the zone, and the acreage of parking spacein the
zone were found to have significant impacts on the age distribution of vehicles in each

Zone.

a) Industrial Acreage: The model results indicate that the proportion of older heavy-duty
trucks is likely to be lower for zones that have a greater presence of industrial units. This
is expected because heavy-duty trucks used by industrial units are likely to last for a
limited period of time, given the heavy payloads and frequent usage.

b) Parking Acreage: The model results indicate that the proportion of older heavy-duty
trucks is likely to be lower for zones with higher acreage of parking. Scarcity of parking
acreage is likely to discourage purchase of many new vehicles, and firms are likely to

manage older fleets better.
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Heavy-Duty Trucks (HDV 4) (Gross Weight 14,001-16,000 Ibs.) & Heavy-Duty
Trucks (HDV 5) (Gross Weight 16,001-19,500 Ibs.)

This category comprises medium-sized heavy-duty trucks. None of the
demographic or land use variables appear to have any significant effect on the age

distribution of vehiclesin each zone.

Heavy-Duty Trucks (HDV 6) (Gross Weight 19,501-26,000 Ibs.)
This category comprises of medium sized heavy-duty trucks. The level of retail

employment has a significant effect on the age distribution of vehiclesin each zone.

a) Level of Employment in Retail Industry: The level of employment in retail industry is
an indicator of the presence of large retail outlets, wholesale outlets, or shopping mallsin
the zone. Such firms are likely to own fleets of heavy-duty trucks that are in continuous
use. The resultant wear is likely to lower the effective life of the trucks, and hence the
fleet will have to be replaced fairly regularly. Hence higher levels of retail employment
may imply fewer old heavy-duty trucks.

Heavy-Duty Trucks (HDV 7) (Gross Weight 26,000-33,000 |bs.)
This category comprises of medium-sized heavy-duty trucks. The level of basic
employment and the acreage of infrastructure have significant effects on the zona age

distribution of heavy-duty trucks of this category.

a) Level of Employment in Basic Industry: The model results indicate that zones having a
greater level of basic employment have a lower proportion of old vehicles (over the age
of 14 years). High levels of basic employment indicate the presence of a sizeable number
of primary sector industries such as agriculture-based industries. Such firms may not
need to replace vehicles frequently or may not be able to afford vehicle replacements as

frequently as retail and manufacturing industries can.

b) Acreage of Infrastructure (Airports, Transportation/Communication): The model

results indicate that the zones with higher acreage of infrastructure such as airports,
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transportation, and communication facilities are likely to have a higher fraction of newer
vehicles aged less than 3 years as compared with trucks that are 3 or more years old. This
effect is similar to that for the vehicle category HDV2B, and the explanation may be
identical. Trucks in such environments are subject to high wear, and the firms that own

and operate large infrastructure facilities can afford relatively frequent fleet replacements.

Heavy-Duty Trucks (HDV8A) (Gross Vehicle Weight 33,001-60,000 Ibs.):

This category consists of large heavy-duty trucks. The model results indicate that
the levels of zona retail and basic employment influence the age distribution of this
category.

a) Zonal Retail Employment: The model results indicate that zones having a greater level
of retail employment have a lower proportion of older vehicles. Large heavy-duty trucks
are primarily used by big retailers and manufacturers. High levels of zonal retail
employment may indicate the presence of such establishments. The vehicle fleets of these
establishments are typically in constant use and are subject to considerable wear. Also,
such firms are likely to have a nation-wide presence and exchange of fleets among

different locations may result in a constant flux in the fleet.

b) Zonal Basic Employment: The model results indicate that zones having a greater level
of basic employment have a lower proportion of old vehicles (over the age of 16 years).
High levels of basic employment indicate the presence of a sizeable number of primary
sector industries such as agriculture-based industries. Although such firms may own and
operate sizeable truck fleets, they may not need to replace vehicles frequently or be able
to afford vehicle replacements as frequently as retail and manufacturing industries can.
Hence, the threshold age is considerably higher in this case as compared with that of

retail employment.

Heavy-Duty Trucks (HDV 8B) (Gross Weight >60,000 Ibs.)
This category comprises medium-sized heavy-duty trucks. None of the available
demographic or land use variables appears to have a significant effect on the age

distribution of vehiclesin each zone.
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Heavy-Duty Transit and School Buses (HDBS+HDBT)

The explanatory variables available do not satisfactorily explain the age
distribution of school and transit buses. Hence a constants only model was estimated. The
base age category was buses aged less than 1 year old. The coefficients of UNO222,
UNO23, and UNO24 indicate that the bias against age categories 2 - 22 years, age 23,
years and age 24 years are higher than that for the base category. However the bias
against buses over 25 years of age is the same as that for the base age category.

Motorcycles (MC)
The median income of the zone has an impact on the age distribution of
motorcycles in the zone. Zones with a higher median income are likely to have a higher

proportion of new motorcycles (under the age of 7 years).

a) Zonal Median Income: The coefficients for the zonal median income variables indicate
that zones with higher median incomes are likely to have a higher proportion of
motorcycles aged 7 years or less. Thisis to be expected because motorcycles are usually

owned by relatively higher income individuals who will be able to afford newer vehicles.

3.2 VehicleMiles Traveled
3.2.1 Introduction

The MOBILE6 model can produce emission factors at a highly disaggregate
temporal resolution. Emissions are calculated for each hour, as opposed to a composite
daily output produced by MOBILES. In view of the non-attainment problems faced by
several metropolitan areas including Houston, Dallas Fort Worth, and El Paso in Texas,
such accurate modeling may be necessary for future conformity determinations. To
improve such forecasts, the model allows various parameters to be inputted at the hourly
level. One such input is the link-specific vehicle miles traveled (VMT) mix across
different vehicle classes. The MOBILES model allowed users to enter the fractions of
VMT for eight vehicle classes. However, the user was allowed to specify only a single
value for each day representing the average over a 24-hour period. MOBILES allows the
user to specify twenty-four values for a greatly expanded twenty-eight vehicle classes
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(see Table 1.1 of Appendix I), representing the fractions for each hour of the day. The
variation of traffic volumes over the day and the implications for mobile-source
emissions can now be modeled. For each roadway link in a study region, the fraction of
VMT accumulated by vehicles in each of the twenty-eight vehicle classes during each
hour of the day can be specified. These fractions must add up to one across all vehicle
classes for each hour and also across al times of the day for each vehicle class.

In this research effort, the VMT mix by hour of day was developed for the Dallas
Fort Worth region. The model developed by Bhat and Nair [1] was used to predict the
daily average VMT mix for the links. However, because hourly vehicle counts were
unavailable for the DFW area, counts from the Austin metropolitan area were used
instead, in order to develop the hour-by-hour split up of the VMT mix. It was assumed
that the hourly variation in VMT for any link type in the DFW area is similar to the
hourly variation in VMT for the corresponding link type in Austin. The following section
describes the procedure used in arriving at the hourly VM T mix distribution.

3.2.2 Methodology

MOBILES6 requires hourly VMT mix inputs, as opposed to the 24-hour averages
that MOBILES required. Hourly VMT mix data was not available for the Dallas Fort
Worth study area, and the MOBILE6 user guide recommends using the same value for
each hour (meaning to use the 24-hour average for each hour) in the event that this
happens. Proceeding as the MOBILEG6 user guide suggests underutilizes the capabilities
of MOBILES; therefore, our goal was to find a way to capture the hourly variation in
Dallas without having the actual data available.

The Bhat and Nair [1] fractional-split model was applied to the Dallas Fort Worth
study area to obtain 24-hour average VMT mixes. Their model predicts fractional split
on links as a function of the following.

= Roadway classification of the link
o Freeways, magor arterials, minor arterias, collectors, and local/residential
roads
= Physical attributes of the link
o Whether the road is divided
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o Number of lanes
= QOperating conditions of the link
o Freespeed
= Attributes of the traffic analysis zone in which the link lies
o Degree of urbanization of the zone
o Airport presence
o Presence of churches, schools, and hospitals
o Zone acreage in retail and office space

o Acreage in manufacturing plants and warehousing

The model could forecast the VMT mix for six vehicle classifications (autos,
gports utility vehicles, pickups and vans, motorcycles, buses, and trucks) for each link in
the Dallas Fort Worth study area.

After applying this model, it was necessary to find a method to vary this average
data across al hours of the day. As mentioned previously, hourly VMT mix data was not
available for the Dallas Fort Worth study area, but this data was obtained for the city of
Austin. The VMT mix for Austin was for five vehicle classifications (autos, a combined
category comprising sports utility vehicles, pickups and vans all together, motorcycles,
buses, and trucks).” The data was also collected on four different road types: major
arterial, minor arterial, collector, and highway.

The assumption was made that the hourly VMT variation is similar in
metropolitan areas, and that specifically, DalasVMT mix varies by hour in away similar
to that of Austin’s. We assumed that the relationship between each hour’sVMT mix and
the 24-hour average is the same between Austin and Dallas. We applied the Austin
hourly VMT mix variation to the 24-hour mix for the Dallas region on the basis of the

road type of the links. Weights were obtained as follows and applied to the Dallas data:

2 Note that the only difference in vehicle classifications between Austin and Dallas is that Austin has sports
utility vehicles (suvs) and pickups and vans (puvs) all in one category, whereas Dallas has separate
categories for suvs and puvs.
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Fract. N
Fract;  pams = UL AN Fract; pyias
Fract.

i,r,Austin

i = vehicletype

t = hour

r = road type.
For the sake of clarity, let us consider a simple example.

Let us consider a link picked at random from Dallas, and refer to it as link #1.
Link #1 is classified as a minor arterial and its 24-hour average auto mix is 20 percent.
We need the auto mix between 1 am. and 2 am. We refer to the Austin data and
calculate a weight that is then applied to link #1. In order to calculate a weight from the
Austin data, we divide the Austin minor arterial auto mix from 1 am. — 2 am. (50
percent) by the Austin 24-hour average auto mix for minor arterials (25%). A weight of
two is obtained and then multiplied by the Dallas 24-hour average auto mix. The
resulting auto mix for link #1 in Dallas from 1 am. to 2 am. is now 40 percent.
A problem that arose when applying these weights to the Dallas data was that the

VMT mix fractions for each vehicle type did not necessarily sum to one. To remedy this
problem, the motorcycle, truck, and bus categories were constrained to their 24-hour
averages across al hours, and the auto and SUV/PUV categories were varied by hour
(weights from Austin were applied to these vehicle classifications). This was deemed
acceptable because, according to the Austin data, the three categories constrained to their
24-hour values did not vary much from hour to hour, and their relative VMT mix was so
small compared with the auto and SUV/PUV categories. After the motorcycle, truck, and
bus categories were constrained to their 24-hour average values, the auto and SUV/PUV's
were weighted and scaled to equal the remainder of the mix (meaning one minus [bus +
truck + motorcycle]) to ensure that all VMT mixes equal one. After hourly mixes were
obtained for the Dallas data for the five vehicle categories, the mixes were first converted
to MOBILES. The hourly VMT fractions for the MOBILE6 vehicle classes are then
obtained by applying the factors suggested in the MOBILE6 user’s guide to convert the
VMT of MOBILES classes to MOBILEG classes.
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4. INTEGRATION OF INPUT MODELSINTO A GISFRAMEWORK

The traffic-related input models-namely, the vehicle registration distribution
model and the VMT mix model for the MOBILEG classes were embedded into
TransCAD, a GIS platform, to enable easy representation and to facilitate TCM analysis.
This required the integration of the estimated models with GIS-based data on zonal
configuration, zonal land use and demographics, and the road network for the Dallas
Fort-Worth metropolitan region. The integration of the input models into the GIS
framework is extremely useful for performing TCM analysis because the application can
make predictions about the fleet characteristics under different TCM scenarios. The GIS
framework also enables easy association of the estimated fleet characteristics (such as
vehicle age distribution, and VMT distribution) with spatial regions on a zonal map or a
road network. In other words, each spatia entity on the map would contain information
on the fleet characteristics associated with it. The fleet information for any spatia entity
can be accessed by selecting the spatial entity of interest and viewing all the information
associated with it. In TransCAD, this can be achieved by using the Info button on the
toolbar. Unfortunately, this tool displays al the information associated with the selected
gpatial entity and does not allow selective viewing of information. It can be quite
cumbersome for the user to sort through all the data and find the information he or she
needs. In order to facilitate easy access to specific information, a graphical user interface
was developed using the TransCAD macro language, GISDK. This user-friendly
interface allows the user to select the data that he or she needs for display. Two user
interfaces were developed, one for the vehicle registration distribution and the other for
the VMT Mix distribution. The underlying structures of the two user interfaces are
discussed below, but they are not discussed in detail in this report. A separate user’s
guidebook has been written, which discusses the user interfaces in greater detail and also
provides step-by-step instructions to use this GIS application.

4.1 Vehicle Registration Distribution
The vehicle registration distribution fractional-split models calibrated at the zonal
level for the twenty-five age groups for each of the thirteen vehicles classes were coded

in GISDK macro language and embedded into TransCAD. Hence, given the zonal land
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use and demographic characteristics, TransCAD will be able to predict the fractions of
the twenty-five age groups within each vehicle class for each zone in the metropolitan
area. This information is then mapped onto the zona map file. The vehicle registration
information for any zone can then be viewed using the interactive graphical interface that
has been developed in TransCAD using the GISDK macro language. The interface allows
the user to select a zone from the zonal map, and it also allows the user to select the
vehicle class for which the information is desired. For the chosen zone, the age
distribution of the vehicles of the chosen vehicle classis then displayed in a tabular form.
In this way, the user can view only the information that he or she desires. The user can
select only one zone and one vehicle class at a time. However, a tool button is available
to the user and, by using this tool repeatedly, the user can view the information for any
number of zones and vehicle classes.

4.2VMT Distribution

The VMT mix distribution models estimated were embedded into TransCAD
using GISDK. Hence, given information on the link characteristics and zonal land use
demographic characteristics, TransCAD can predict the 24-hour average VMT mix for
the five vehicle classifications (auto, SUV/PUV, truck, bus, motorcycle). It then applies
the embedded factors to convert the 24-hour averages into hourly VMT fractions and
convertsthe VMT of the five vehicle classes into 16 MOBILEG vehicle classes. The user
can access al the VMT information for any link in the road network by clicking on the
desired link. However, it would be difficult to sift through all the information and extract
the desired information. In order to facilitate easy access to specific information and for
better representation of information, a graphical user interface was developed using the
TransCAD macro language, GISDK. The interface allows the user to select a link from
the road network map of the metropolitan area and gives the user the option to view VMT
information for the MOBILE 6 classes or the five basic vehicle classes. If the user wishes
to view the VMT information for the five vehicle classes, then he or she can choose to
either view the 24 hour VMT mix averages or the VMT mix information for a particular
hourly duration of day. On the other hand, if the user desires to see the VMT information

for the sixteen MOBILE®G vehicle classes, then he or she can choose to view the VMT
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information for a particular time of day for the selected link or he or she can choose to
view the variation of VMT fraction on the selected link for any of the sixteen MOBILE6

vehicles classes. The structure of the user interface is shown in Figure 4.1 below.

VMT DATA

A 4

MOBILEG6 CLASSES

h 4

h 4 A 4

h 4

24-HOUR AVERAGES

BY HOUR BY HOUR BY VEHICLE CLASS

Figure4.1. User Interfacefor VMT Mix Representation
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5. TCM ANALYSIS

The Metropolitan Planning Organizations (MPOs) of non-attainment areas are
required to implement transportation control measures (TCMs) in order to modify driving
behavior and limit emissions resulting from mobile sources. Typically, a wide range of
TCMsisavailable for any MPO, and ideally the MPOs would like to implement the TCM
with the maximum “bang per buck”. Also, it is essential for the MPOs to know how
much reduction in emissions can be achieved by the implementation of different TCMsto
be able to use a combination of TCMs to attain conformity. Usually, transportation
modeling methodologies yield the most accurate and detailed estimates for future
predictions. The models developed in this research effort for traffic-related inputs to
MOBILE6 are primarily aimed to facilitate TCM analysis. In addition, the software
application developed allows quick and easy assessment of the effectiveness of different
TCMs. In order to demonstrate the use of the software application in performing TCM
analysis, two simple, hypothetical TCMs were implemented as part of this study.

The following TCMs were implemented in this study:

1. Reduction in the zonal basic employment by 15 percent; and
2. Reduction in zonal office and retail space acreage by 20 percent.

Whereas the first TCM is aimed at affecting the vehicle registration distribution,
the second TCM s directed towards modifying the VMT mix distribution. The model
estimation results for the vehicle registration distribution clearly indicate that the zonal
basic employment level is an important determinant of the vehicle registration
distribution in a zone. Similarly, the model estimation results for the VMT mix
distribution indicate that the VMT mix on any link is dependent on the zonal acreage of
office and retail space. This was the reason for selecting the TCMs discussed above. The
implementation of the two TCMsis discussed below in greater detail.

5.1 Reduction in the Zonal Basic Employment

For forecasting the vehicle age fractions of different vehicle classes for each zone,
an input table containing information on the zonal land use and demographic
characteristics must be prepared. In order to implement the TCM, the zona basic

employment was decreased by 15 percent in the preparation of the input table. In other
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words, the variable BASIC_EM was computed as 85 percent of the original basic
employment variable. The Vehicle Registration Distribution module of the software
application was then used to forecast the new age fractions for the MOBILE6 vehicle
classes using the modified input table. After obtaining the predictions for the age
fractions after the implementation of the TCM, they can then be used in the MOBILEG6
model to estimate the emissions for the “after TCM” scenario. In this way, the
effectiveness of any TCM in reducing emissions can be tested in aquick and easy way. In
this study, the sensitivity analysis was not undertaken because the intent of TCM analysis
was just to demonstrate the application of the software developed for performing TCM
analyses.

The vehicle age fractions of the HDV2B vehicle class for a randomly selected
zone for the “before TCM” and “after TCM” scenarios are presented in Table 5.1.

Table5.1 Age Fractionsof HDV2B in Zone 5 Before and After TCM I mplementation

Before TCM Scenario || After TCM Scenario
Age Fraction 1 0.16003 0.16045
Age Fraction 2 0.09540 0.09525
Age Fraction 3 0.05288 0.05280
Age Fraction 4 0.05798 0.05789
Age Fraction 5 0.03867 0.03861
Age Fraction 6 0.03079 0.03074
Age Fraction 7 0.03716 0.03710
Age Fraction 8 0.03723 0.03717
Age Fraction 9 0.03492 0.03487
Age Fraction 10 0.03821 0.03815
Age Fraction 11 0.03150 0.03145
Age Fraction 12 0.03396 0.03390
Age Fraction 13 0.03989 0.03983
Age Fraction 14 0.04588 0.04581
Age Fraction 15 0.04386 0.04380
Age Fraction 16 0.03107 0.03115
Age Fraction 17 0.02637 0.02644
Age Fraction 18 0.01779 0.01783
Age Fraction 19 0.01434 0.01438
Age Fraction 20 0.02778 0.02785
Age Fraction 21 0.02476 0.02483
Age Fraction 22 0.02106 0.02111
Age Fraction 23 0.01535 0.01539
Age Fraction 24 0.00730 0.00732
Age Fraction 25 0.03578 0.03587
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As can be seen from Table 5.1, the age fractions of the vehicle classHDV2B are
different for the “before TCM” and “after TCM” scenarios. The changes in vehicle age
fractions will transate into changes in emissions when the new vehicle age fractions are
used in MOBILES6 asinputs.

5.2 Reduction in Office and Retail Acreage

Just as in the case of vehicle registration distribution, an input table has to be
prepared for forecasting the VMT mix on any link in the road network. This input table
must contain information on the link characteristics, the zonal land use and demographic
characteristics of the zone in which the link falls. To implement a TCM, we first need to
modify the input table and then use the modified input table in forecasting the VMT
fractions of different vehicle classes. For implementing the TCM considered in this case,
the zonal office and retail acreage in the input file needs to be reduced by 20 percent.
This was accomplished by computing the variable OFFICE95 as 80 percent of the
original OFFICES5 variable. Once the input table is ready, we then need to apply the
VMT mix models developed in this study to obtain forecasts of VMT mix proportions for
al the links after the implementation of this TCM. The GIS-based software application
comes in extremely handy for this purpose because the VMT models have been
integrated within the software. Hence, the VMT mix proportions after the implementation
of the TCM can be obtained very easily by using the modified input table to run the VMT
module of the software application. Once the predictions for the VMT mix proportions
are obtained, they can be inputted to the MOBILE6 model to estimate the emissions and
to test the effectiveness of the TCM in reducing emissions. In this study, the sensitivity
analysis was not undertaken because the intent of TCM analysis was to just demonstrate
the usefulness of the software developed in performing TCM analyses.

The vehicle age fractions of the five vehicle classes for a randomly selected link
for the “before TCM” and “after TCM” scenarios are presented in Table 5.2. The results
in Table 5.2 indicate that the VMT fractions are not hugely different for the “before
TCM” and “after TCM” scenarios but an understanding of how these small changes are
translated into emissions reduction can be found only by applying these values in the
MOBILE6 model.
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Table5.2 24-Hour VMT Fractions of Five Vehicle Classes on Link 11007
Before and After TCM Implementation

Before TCM Scenario||After TCM Scenario
SUV/PUV 0.33322 0.33324
Truck 0.03478 0.03483
Bus 0.00265 0.00265
Motorcycle 0.00367 0.00367
Autos 0.62568 0.62561
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Table1.1. List of Vehicle Classesin MOBILEG6

Number | Abbreviation |Description

I LDGY Light-Duty Gasoline Vehicles (Passengar Cars)

2 LDGTI Light-Duty Gasoline Trucks 1 (0-6,000 Ths, GVWR, 0-3.750 1hs. LVW)

3 LDGT2 Light-Duty Gasoline Trucks 2 (0-6,000 [bs, GVWER, 3,751-5750 Jhs. LVW)
4 LDGT3 Light-Duty Gasoline Trucks 3 (6,001-8500 |bs. GVWR, 023750 [bs. LVW)
5 LDGTY Light-Duty Gasoline Trucks 4 {6,001-8500 1bs. GVWR, 3.751-5750 Ibs. LVW)
6 HDGV2h  [Class 2b Heavy-Duty Gasaline Vehicles (8501-10 000 [hs, GVWR)

7 HDGWA Class 3 Heavy-Duty Gasoline Vehicles ¢ 10,001 -14,000 1bs. GVWER)

2 HDGYY Class 4 Heavy-Duty Gasoline Vehicles (14,001-16,000 [bs, GVWR)

g HDGYS Class 5 Heavy-Duty Gasoline Vehicles ( 16,001-19, 500 [bs, GVWR)

10 HDGVE Class 6 Heavy-Duty Gasoline Vehicles (19,301-26,000 s, GVWE)

] HDGVT Class 7 Heavy-Duty Gasoline Vehicles (26.001-33,000 s, GVWE)

|2 HDGVEa Class 8a Heavy-Duty Gasoline Vehicles (33,001-60,000 [hs, GYWR)

13 HDGWED  [Class 8b Heavy-Duty Gasoline Vehicles ¢ =60,000 [bs, GVWR)

14 LDDV Light-Duty Diesel Yehicles ( Passenger Cars)

|5 LODTI2 Light-Duty Diesel Trucks land 2 (0-6,000 |bs. GVWR)

[ & HDODW2bh  |Class 2b Heavy-Duty Diesel Vehicles (R501-10,000 1hs. GVWR)

17 HDDW3 Class 3 Heavy-Duty Diesel Vehicles (10,001-14.000 Ibs, GVWER)

|8 HDDYY Class 4 Heavy-Duty Diesel Vehicles (14,001-16,000 Ibs, GVWE)

19 HDDYS Class 5 Heavy-Duty Diesel Vehicles (16,001-19,500 Ibs, GVWE)
20 HDDVE Class 6 Heavy-Duty Diesel Vehicles (19,501-26,000 lbs, GYWE)
21 HDODVT Class 7 Heavy-Duty Diesel Vehicles (26,001-33 000 Iha, GVWER)
22 HDDVEa Class 8a Heavy-Duty Diesel Vehicles (33,001-60,000 [bs, GVWR)
23 HDODWED  [Class 8b Heavy-Duty Diesel Vehicles (=60,000 [hs. GVWER)
24 MC Motoreveles (Gasoline)
25 HDGR Casoline Buses (School, Transit and Urban)
26 HDDET Diezel Transit and Urban Buses
27 HDDBRS Diesel School Buses
28 LDDT34  |Light-Duty Digsel Trucks 3 and 4 (6,001-8,500 [hs. GVWE)

Source: U.S. EPA. Draft User’'s Guide to MOBILE6.0 Mobile Source Emission Factor
Model, August 2001. http://www.epa.gov/otag/model s‘'mobile6/d01003.pdf.
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Table 1.2. Composite Vehicle Classes

Number | Abbreviation Description
I LDV Light-Duty Vehicles (Passenger Cars)
2 LDTI Light-Duty Trucks 1 (0-6,000 Ibs, GYVWR, 023,750 Iba, LYW
3 LDT2 Light-Duty Trucks 2 (0-6,000 Tbs, GVWR, 3,751-5.750 [bs. LVW]
4 LDT3 Light-Duty Trucks 3 (6,001-8,500 Ibs, GYWR, 0-5,750 Ths. ALVW#)
5 LDT4 Light-Duty Trucks 4 (6,001-8,500 Ths, GYWR, 5,751 Ibs, and greater ALVW)
il HOV2R Class 2b Heavy-Duty Vehicles (8,501-10,000 Ths. GVWR)
7 HDV3 (lass 3 Heavy-Duty Vehicles (10,001-14,000 Ths. GVWR)
8 HDV4 (lass 4 Heavy-Duty Vehicles ( 14,001-16,000 [bs, GYWR)
9 HDVS Class 5 Heavy-Duty Vehicles ( 16.001-19.500 hs. GYWR)
10 HDV6 (lass & Heavy-Duty Vehicles (19,501-26,000 [bs, GYWR)
[ HOVT Class 7 Heavy-Duty Vehicles (26,001-33,000 Ths. GVWR)
12 HOVEA (lass 8a Heavy-Duty Vehicles (33,001-60,000 hs, GVWR)
13 HOVER (Class 8b Heavy-Duty Vehicles (=60,000 lhs, GVWR)
14 HDBS School Buses
|5 HDBT Transit and Urban Buses
[6 MO Matoreyeles (All)

# ALVW = Alternative Loaded Vehicle Weight: The adjusted loaded vehicle weight is the numerical average of the vehicle curb weight
and the gross vehicle weight rating (GYVWR)

Source: U.S. EPA. Draft User’'s Guide to MOBILE6.0 Mobile Source Emission Factor
Model, August 2001. http://www.epa.gov/otag/model s‘'mobile6/d01003.pdf.
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Table 1.3. Composite Vehicle Typesfor Diesel Sales Fractions

Number .tl'.rhrm'ialiun Dnscl'iJJliun
I LDV Light-Duty Vehicles (Passenger Cars)
2 LDTI Light-Duty Trucks 1 (0-6,000 lbs. GYWR, 0-3750 Ihs. LYW
3 LDT2 Light-Duty Trucks 2 (0-6,000 lbs. GYWR, 3751-5750 lhs. LVW)
4 W Light-Duty Trucks 3 (6,001-8,500 Ibs. GYWR, 0-5750 Ibs, ALY W]
k] LD12 l.iahl-[-:lul'.-' Trucks 4 (6,001-8500 lhs, GVWR, 5751 Ibs. and oreater ALVW)
[ HDVZR Class 2b Heavy-Duty Vehicles (B30 1-10,000 Tbs, GYWR)
7 HDV 2 Class 3 Heavy-Duty Vehicles (10.001- 14,000 Ibs. GV WR)
8 HDV4 Class 4 Heavy-Duty Vehicles (14,001-16,000 Ibs, GY WR)
g HDVA Class 5 Heavy-Duty Vehicles (16.001-19,500 [bs, GYWR)
[0 HDVG Class & Heavy-Duty Vehicles (19.501-26.000 Ibs, GYWR)
[l HDVY Class 7 Heavy-Duty Vehicles (26,001-33,000 lbs. GVWR)
12 HDVEA Class 8a Heavy-Duty Vehicles (33.001-60,000 Ths. GVWR)
|3 HDVSB Class 8b Heavy-Dutv Vehicles (=60,000 [bs, GVWR)
|4 HDES School Buses

Source: U.S. EPA. Draft User’'s Guide to MOBILE6.0 Mobile Source Emission Factor
Model, August 2001. http://www.epa.gov/otag/model s‘'mobile6/d01003.pdf.




Table 1.4. Vehicle Classes Affected By the Starts Per Day Command

Number |Abbreviation [Description
I LDGY Light-Duty Gasoline Yehicles (Passenger Cars)
2 LDGTI Light-Duty Gasoline Trucks 1 {0-6,000 [bs, GVWR, 0-3750 lbs. LYW
K] LDGT2 Light-Duty Gasoline Trucks 2 (0-6,000 lbs, GYVWR, 3751-5750 |bs, LYW)
4 LDGT3 Light-Duty Gasoline Trucks 3 (6,001-8,500 1bs, GVWER, 0-5750 Ibs. ALVW)
5 LDGT4 Light-Duty Gasoline Trucks 4 (6.001-8.500 Ths, GVWE. 5751 lbs. and greater ALYW)
i) HDGY 2B Class Zb Heavy-Dutv Gasoline Vehicles (8501-10,000 lhs, GYWR)
7 HDGY 3 Class 3 Heavv-Duty Gasoline Vehicles ( 10,001- 14,000 lhs, GVWR)
8 HDGY 4 Class 4 Heavv-Duty Gasoline Vehicles ( 14.001-16,000 1hs, GVWE)
9 HDHGY 5 Class & Heavv-Duty Gasoline Vehicles ( 16,001-19 500 lhs, GVWR)
[0 HDGY G Class 6 Heavv-Duty Gasoline Vehicles ( 19.501-26,000 1hs, GVWE)
Il HDGYT Class 7 Heavv-Duty Gasoline Vehicles (26,001-33,000 lbs, GVWR)
|2 HDGYEA Class Ba Heavy-Duty Gasoline Vehicles (33.001-60,000 1hs, GVWR)
13 HDGYVER Class 8b Heavy-Duty Gasoline Yehicles (=60,000 1bs, GVWR)
|4 LDDV Light-Duty Diesel Vehicles (Passenger Cars)
|5 LDDTI2 Light-Duty Diesel Trucks | and 2 (0-6,000 Ths, GYWER)
24 M M otoreveles (Gasoline)
25 HDGRE Gasolineg Buoses (School, Transit and Urban)
28 LDDT34 Light-Duty Diesel Trucks 3 and 4 (6,001-8,500 [bs, GYWER)

Source: U.S. EPA. Draft User’s Guide to MOBILE6.0 Mobile Source Emission Factor
Model, August 2001. http://www.epa.gov/otag/model smobile6/d01003.pdf.
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Table 1.5 MOBILESG6 Vehicle Classes M apped to Typical Vehicle Classes

MOBILESG6 class Vehicletype

LDGV Passenger cars
LDGT1
LDGT2
LDGT3
LDGT4
HDGV2b
HDGV3
HDGV4
HDGV5
HDGV6
HDGV7
HDGV8a
HDGV8b
LDDV Passenger cars
LDDT12 PUVs, SUVs
HDDV2b
HDDV3
HDDV4
HDDV5
HDDV6
HDDV7
HDDV8a
HDDV8b
MC Motorcycles
HDGB
HDDBT Buses
HDDBS
LDDT34 PUVs, SUVs
PUV: Pick-ups and vans, SUV: Sports utility vehicle.

PUVs, SUVs

Trucks

Trucks

Source: VMT Mix modeling for MOBILE source emissions forecasting:
Formulation and Empirical Application, Chandra R. Bhat and Harikesh S. Nair,
The University of Texas at Austin.
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Table 2.1 Default Valuesfor Engine Starts per Day and Distribution by Hour

Vehidle Class (\t’yizes'jg :;’) (‘t’:’ifs‘/‘ggg)
Light-duty passenger vehicles 7.28 541
Light trucks 8.06 5.68
Motorcycles 1.35 1.35
Heavy-duty gasoline vehicles and buses 6.88 6.88
Heavy-duty diesel vehicles and buses 6.65 6.65

Source: U.S. EPA. Draft User’s Guide to MOBILE6.0 Mobile Source Emission Factor
Model, August 2001. http://www.epa.gov/otag/model ymobile6/d01003.pdf.

Table 2.2 Hourly Start Distributions

Nominal Name Hourly Intervals
Hourly Range Time
6 6-7 6am.—7am.
7 7-8 7am.—8am.
8 8-9 8am.—9am.
9 9-10 9am.—10am.
10 10-11 10am.—11am.
11 11-12 11am.—-12 p.m.
12 12-13 12 p.m.—1p.m.
13 13-14 lp.m.—2p.m.
14 14-15 2p.m.—3p.m.
15 15-16 3p.m.—4p.m.
16 16-17 4 p.m.—5p.m.
17 17-18 5p.m.—6p.m.
18 18-19 6 p.m.—7p.m.
24 19-24 and 24-5 7p.m. —6am.

Source: U.S. EPA Assessment and Modeling Division report on “Soak Length Activity
Factors for Start Emissions’, February 1998.
http://www.epa.gov/OM S/model s/mobil e6/m6fIt003.pdf .
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Table3.1 Trip Duration Categories

Category Number Trip Duration Range (in Minutes)

1 0 —10 minutes

11 — 20 minutes

21 — 30 minutes

31 — 40 minutes

41 — 50 minutes

OO~ WIN

51+ minutes

Source: U.S. EPA Assessment and Modeling Division report on “ Soak length Activity
Factors for Start Emissions”, February 1998.
http://www.epa.gov/OM S/model s/mobil e6/m6fIt003.pdf .

Table 3.2 Daily Distribution of Hot Soaks acrossthe 14 Time Periods of the Day

Hour Weekday Weekend
6 2.33 0.99
7 6.05 2.26
8 6.30 3.38
9 4.62 6.41
10 5.08 6.98
11 6.32 8.80
12 7.80 9.23
13 7.32 7.40
14 7.87 8.10
15 8.63 6.62
16 8.71 8.03
17 7.99 6.91
18 5.88 6.27

24 15.10 18.62

Source: U.S. EPA Assessment and Modeling Division report on “Hot Soak Emissions as
afunction of time”, June 1998. http://www.epa.gov/OM S/model syfmobile6/m6evp007.pdf
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Table 4.1 Geocoding Results

Age LDV LDT12 LDT34 HDVZB HDV3 HDV4
Total UM | % UM| Total Um u UM | Total UM |% UM| Total | UM | % UM] Total | UM |% UM|Total | UM |% UM
1 1862021 31,3200 2005|119 3035 200624 17.29] 19877] 5829 29.33] 2315] 9200 39.74] 1164] 397| 34.11] 518] 347| 42.42
21 145795 24 053] 16.52| 954801 16,044 16.80 14.040] 3,791 26.93] 1,537] B04] 39301 G50 300| 35291 G54 281 3280
3| 138803 21390 15.43] 796141 142400 17.89] 10,328] 2,939] 25.46 fo2| 298| 37.85] 570| 1mo| 2895 431 167] 33.09
41 174939] 25578 14.79] 80467 14503 18.02| 9908] 3,029 3057 g7g| o00] 5112 S0 22| 31301 627 251) 40.03
al 140701) 18270] 13.70| 77 904| 13754] 17.66| 6434] 2,145 33.34 786 404 51.400 1.384| V96| 5751 3d48] 147 4261
Bl 135218] 17 288] 12.72] 609041 10,180 1671 5530] 1,784 3226 4201 162| 3B.A7] V43| 242| 3257 263  94] 3574
7l 1200421 150583 12.84] 515321 §385| 168.23| 4.008] 1.246] 31.10 441 1801 34.M 890 130] 2203] 2181 79| 56.07
a8l 116508] 14563 12.84] 49051 84461 1722 3041 1,080 3551 453 184 3573 485| 123| 2703 268B| 52] 30.83
91 14099 14827 1299 412361 73300 17.78| 2796] ©55] 30450 494 189 3219 1.825] 994| 54.47] 243 48] 19.75
101 1034521 13645 13.189] 41786 7,894 18391 3015] 989 31.91 478 184| 3222 Vo3| 67| 222G 248 92) 36595
1" g 607 11.818] 13.34] 37641 B747] 17592 2672 855 3200 418 143 3080 857 11| 30701 177 90) 5085
121 75046| 10277 13.689| 28536 4966 17400 1835 578] 31.16 831 293| 55.18] 623 ZoG| 40.76] 1365| 66| 45.53
13| B7211| 9134|1389 333558 &3211| 1772 25871 9E9]| 33.75 26| 163] 30.99] 835 171 31731 234 105] 4487
14 575937 8037 13.87| 28792 5224 1814 2795 878 31.41 03| 19| 23.668] 605 191| 31.57] 205] 99] 4829
18] 44854 BZ214| 13.82| 251231 4567 18.18] 2708 792 2925 464 114 2457 484 135| 2789 B 22| 3284
16|  ZB524| 3851 14.52| 158301 2974 18.79] 15801 461| 29.18 299 oB| 28.78] 2481 V9| 3173 34 9| 26.47
171 18488 2742| 14.83] 135689 2596] 19.13] 1476 410] 27.78 27 70 B2 174l 48] 2816 | 14] 3784
18 13,7000 2030f 14.82 106701 2,043] 19.20 gE3|  233] 27.04 05 72 3/l 1A 6| 27.48 43 15| 34.88
191 10721 1542) 1435 7035 1371 19.43 778l 225] 2892 142] 43| 30.28) 104] 35| 3365 451 13] 258.26
201 12005] 1.800) 14.99) 11924 23201 19451 1,480 353| 2585 JO1| 3BB| 5280 207 V8| 37.EBS 9| 22| 2472
pa 8,808 1,267 14.38] 1277 2241 1987 1,189 335 27594 g15] 365| 44.79] 172 59| 34.30 83| 27| 4B.55
22 B,033 g80] 14.89] 9480] 1786 18501 1,086 291 26555 Ba0| 4600 70771 183 48| 3137 178 17] 955
23 3,141 4420 14.07] B574] 1257 1829 a0l 257| 26.22 83| 149 s2.Bs] 127 49| 3man| 142 33 2324
24 1,761 231 13.12] 3545 BOG|  17.09 s62|  131] 2331 79 201 2532 A 3] 3924 10l 200 1818
25| 34118 4740 13.89) 32555 6172 1896 1679 427 2513 355| 105) 2933 562 Z31] 3969 335 74| 2209
1,815 317262 726] 14.47)973 441 172,167 17.69) 103 575) 30,569] 29.80] 14 939])6,055] 40.75) 14 026]5,215] 37.18] B,266] 2,234) 3565
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Table 4.1 Geocoding Results (continued)

Age HDVS HDWG HDW? HDVBA HDVEB HDBTS MC

Total | UM |% UM|Total | UM % UM]Total | UM |% UM]| Total | UM |% UM| Total | UM |% UM|Total | UM|% UM| Total | UM |% UM
1 421 170 40.558) 1624 BE3| 40.83] 9431 587| 41.04] 3076 1.316) 4278 3627 17353 47.78] 217 58| 26.73] 3717 B4A5S| 17.35
2| 235 T0] 2979 1.154) 31| 26.95] 553 265| 47.92| 1073 408| 37.84| 2002 850) 42.46) 135 35| 2583 2839 429] 1511
3| 288 &7)19.79] 8O3 306) 3511 479 184 35.41| 1085) 5S00| 46.95) 2,199 1085 49.34] 157| 66| 42.04] 2731 403] 14.76
4] 439 144 32801 79| D44 4475 495 205 41.41) 12901 oS40 42.48] 2427 1,392) 57.35] 131] 91| 38.93] 2185 3J23] 14.78
8 2201 94 4273 442 200| 4525 383 183) 47.78) 1114 4735 42.46] 2026 1,072) 6281 194] BS| 33.51] 1895 265] 14.14
Bl 199 BB| 3317 447 175| 3915 301 133) 44.18] 931 385| 41.14] 1425  675) 47.27| 107 30| 28.04] 1.474| 209] 14.15
7| 1901 42]28.00] 357 134] 3375 2251 112] 4891 585 Z88]49.231 909 375| 41.25 77| 28] 32.47) 1067 1589] 14.9
Bl 2241 91| 40.63] 427 184] 43.09] 38| 135] 42.45] 907| 406| 44.75| 8531 394] 46.19 1| 24) 26.37] 7V6B| 123]15.85
8] 28| 92| 2407 332 113 34.04| 3S66| 147]40.16] 5201 S61| 44.0Z1 5000 411] 4567 ool 18| 2118 73| 112 1522
101 1149 999] 86.95| 325 136]) 41.85] 2221 95| 44.14] 803 331] 41.22| 953]  439] 45.82 a4] 30f 3501 8211 120 14.682
1M Dos| V97 80.021 268 111 41731 13 B1| 42.41 B71| 303] 45161  B18] 277 44.82 g7 18] 20.689] 726 106 14.6
12| 166| ©1]48.801 335 159 47.04] 180] G0O| 44.44] B6101 231] 41.15] 502  Z46] 48.00 73| 15 20.55) BOO| 112 14
13| 185| B1]43.78| 300 115)38.33| 196] &5 29.57] BO7| 256) 42.17] 411 oG] 45.74 92| 25| 2717 1268 195 15.38
41 172 74| 43.021 344) 125] 3634 208] 99| 48.068] BE7| 284) 4275 519 25| &1.068] 17| 38| 52.48| 1,323] 172 13
18] 143 B2| 4336 182 18] 833 170] &5]38.24] 632 291 45.04| 38B] 179] 4891 a4] 20| 23.81] 1085 185 1517
16 61 23| 37700 1B4]  F7| 4695 7Ol 28] 3714 239 12| 46.85| 134 B3| 21.43 g7 18] 20.69] 1,171 190] 16.23
17 152 69]45.39] 158| ©B5]41.14 95| 35| 36.84] 286] 137| 47.90| 160 62| 38.75 64| 14] 21.68] 1684| 2691597
18 901 26| 28.89] 169 70| 41.42 95 431 4526] 303 11| 36E3 174 73| 41.85 o] 21| 23.86] 1083 162 14.86
19 531 14| 26421 1585] 71 4581 B3| 28] 38.24] 3291 103] 31.31 123 9] 47.57 73| 17 23.29] 1065| 189] 15.87
20 67| 26| 38.81| 190] &7 4579 g7 46| 47421 328] 109| 33.23] 132 74| 56.08 ol 18| 2727 7141 115) 16811
21 Bo| 32| 4223 148] 65| 43.92 421 25] 58521 273 91| 3273 B0 27| 45.00 o8| 28] 48.28] 581 Bo| 14.8
22 a3l 14| 26.42 g2 35| 46.34 a6 174722 2251 101| 44.89 B2 31| 50.00 Je| 11| 30,86 391 /9| 202
23 2 9] 40.91 74 34 4595 21 12| 54.55 4] 45| 4787 26 14| 53.85 171 Bl 35291 335 &7 17.01
24 461 13| 28.26 79 37| 4684 28] 121 45.00 79 38| 48.10 ) 24| 7742 35| 10| 28,57 286 45| 1573
25| 179 B3] 35200 357 183]46.10] 127]  B7| 5276 389] 179] 46.02 ) 54 5455 122] 6] 21.31] 1526] 252 152

5991] 3,169 52.90] 9,776]53,58158] 39.07] 5899|2 538] 43.02) 17 421]| 7 453 42,67 20,746 10,088) 45.53] 2,366] 554| 25.91] 32 282 4,845] 15.32

UM = number of unmatched records
% UM =percentage of total records that are not matched
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Figures4.1-4.4 Comparison of Aggregate Age Distributions of Total Fleet and Unmatched Segment
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Figures 4.5-4.8 Comparison of Aggregate Age Distributions of Total Fleet and Unmatched Segment (continued)
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LDY

Table 4.2 Descriptive Statistics for Baseline Year (1998) Age Distribution

LDT12

LDT34

HDV4

Mean

Std. Dev

Mean

Std. Dev

Mean

Std. Dev

Max | Mean

Sid. Dey

Min

Mean

Sid. Dev

Mean

Std. Dev

Mean

Std. Dev

Eu:nooqc\u.hmm»—-g

T R
B e e N S T

25+

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.086
1.000
0.s00
0.417
0.400
0.296
0.s00
0.250
1.000
0.250
0.286
0.250
0.1653
0.333
0.167
0.177
1.000
0.167
0.500
0.200
0.167
0.025
0.100
0.031
0.429

0.082
0.080
0.07g
0.093
0.076
0.074
0.065
0.062
0.062
0.056
0.043
0.041
0.037
0.034
0.026
0.01a
0.013
0.008
0.007
0.007
0.005
0.003
0.00z2
0.001
0.0232

0.074
0.055
0.039
0.034
0.029
0.026
0.029
0.021
0.039
0.0z2
0.023
0.0z2
0.0z0
0.025
0.018
0.013
0.037
0.009
0.01s
0.010
0.008
0.003
0.004
0.002
0.023

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0683
0.368
0315
0.159
0.199
0.164
0.174
0.182
0.165
0.145
0.233
0233
0.198
0222
0.1z9
0.161
0.095
0.062
0.111
0.085
0.051
0.060
0.060
0.032
0.333

0.108
0.089
0.073
0.074
0.073
0.057
0.049
0.047
0.040
0.040
0.045
0.049
0.042
0.036
0.030
0.018
0.016
0.012
0.008
0.014
0.013
0.011
0.011
0.004
0.039

0.0635
0.048
0.039
0.037
0.037
0.030
0.027
0.027
0.023
0.026
0.043
0.043
0.038
0.033
0.026
0.018
0.01s
0.013
0.010
0.014
0.013
0.011
0.011
0.005
0.038

n.ooo
n.0oo
n.ooo
n.0oo
n.ooo
n.0oo
n.ooo
n.0oo
0unao
n.0oo
0unao
n.0oo
0unao
n.0oo
0unao
n.0oo
0unao
n.0oo
0unao
n.oao
0unao
n.oao
0unao
n.oao
0.000

1.000
1.000
0.500
1.000
1.000
1.000
0.300
0.500
0.500
0333
1.000
0289
0.500
0333
1.000
0.130
1.000
0250
0.169
0.167
0250
0250
0333
0.200
1.000

0.190
0.143
0.098
0.093
0.059
0.055
0.037
0.028
0.028
0.027
0.026
0.017
0.027
0.026
0.027
0014
0.01s
0.009
0.007
0.014
001z
0.012
0.00%
0.00&
0.020

0.127
0.100
0.06%
0.075
0.060
0.065
0.035
0.035
0.036
0.030
0.048
0.023
0.037
0.030
0.050
0.020
0.039
0.019
0.016
0022
0.022
0.023
0.019
0.015
0.049

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000] 0.161
1.000] 0.096
1.000| 0.055
1.000] 0.059
1.000] 0.040
1.000] 0.032
1.000| 0.037
1.000] 0.037
1.000] 0.035
1.000] 0.039
1.000] 0.033
1.000] 0.035
1.000] 0.042
1.000] 0.046
1.000] 0.045
1.000] 0.029
1.000] 0.025
1.000| 0.017
1.000| 0013
1.000] 0.026
0667 0.023
1.000] 0.021
1.000] 0.016
1.000] 0.007
1.000] 0.033

021%
0175
0.130
0133
0.024
0.102
0.103
0112
0.089
0.106
0.094
0122
0.106
0112
0.107
0.087
0.078
0.069
0.061
0.036
0.069
0074
0.064
0.047
0.098

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.400
1.000
1.000
1.000
1.000
0.500
1.000
0.500
1.000

0.069
0.063
0.057
0.077
0.079
0.057
0.055
0.045
0.054
0.050
0.0dé
0.030
0.038
0.037
0.048
0024
0.017
0.016
0.015
n.0is
0015
0014
0011
0.006
0.062

0.152
0.130
0.141
0.152
0.151
0.133
0.128
0119
0.127
0119
0.115
0.086
0.105
0.101
0.128
0074
0.056
0074
0.07a
0.076
0.064
0.052
0.055
0.03z2
0.150

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.098
0.120
0.0z
0.113
0.063
0.066
0.051
0.042
0.041
0.038
0.037
0018
0018
0.024
0.02z2
0010
0.009
0.008
0015
0.023
o004
001z
0.009
0.009
0.052

0221
0229
0.203
0224
0.162
0.170
0.156
0.150
0.139
0.122
0.140
0.096
0.088
0.106
0.111
0.073
0.067
0.034
0.086
0.106
0.085
0.031
0.060
0.069
0.166

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.10z2
0.078
0.050
0075
0.078
0.055
0.054
0.043
0.046
0.036
0.031
0.045
0.0ze
0.027
0.0z
0.025
0.017
0.017
0.01g
0.021
0019
0013
0.009
0011
0.074

0245
0202
0.156
0192
0217
0.167
0173
0.158
0165
0.131
0111
0.163
0128
0.117
0131
0125
0.057
0.098
0.0%0
Q.09
0.057
0.07g
0075
0.07é
011
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Table 4.2 Descriptive Statisticsfor Baseline Year (1998) Age Distribution (continued)

HDV6

HDETS

MC

Mean

Sid. Dev

Mean

Std. Dev

Mean

Std. Dev

Mean

Sid. Dev

Max | Mean

Sid. Dev

Mean

Std. Dev

:Ekaoowac\u‘hmm.—-g

25+

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.500
1.000

0114
0.085
0.068
0.064
0.044
0.048
0.056
0.040
0.036
0.03%
0052
0.030
0.036
0.047
0.043
0.01%
0.01%
0.020
0.025
0.026
0.021
n.0iz
0.00%
0.010
0.058

n.zi4
0185
0.166
0158
0.137
0.130
0.153
0128
0113
0.138
0.11g
0.103
0118
0.133
0.137
0.036
0.088
0.091
0.109
0.103
0.092
0.073
0.066
0.054
0.162

0,000
0.000
0.000
0,000
0.000
0.000
0.000
0,000
0.000
0.000
0,000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0,000
0.000
0.000
0,000
0.000
0.000
0.000

1.0a0
1.000
1.000
1.0a0
1.000
1.000
1.000
1.0a0
1.000
1.000
1.0a0
1.000
1.000
1.000
1.0a0
1.000
1.000
1.000
1.0a0
1.000
0.500
1.0a0
0.333
1.000
1.000

0.11a
0.069
0.057
0.063
0.048
0.035
0.049
0.046
0.0s0
0.044
0038
0.040
0.040
0.045
0.046
0.025
0.023
0.021
0o1g
0.032
0.005
0013
0.003
0.007
0.044

0232
0.197
0.162
0175
0.156
0.131
0.172
0.148
0.202
0.148
0.135
0.149
0.137
0.149
0153
0.123
0112
0.105
0.000
0.145
0.035
0091
0.027
0.060
0.164

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0024
0.044
0.0335
0o4
0.042
0.043
0.028
0048
0.050
0.052
0.060
0.052
0.037
0.056
0.0se
0015
0.027
0.038
0o4
0.048
0.031
o0ot4
0.009
0.009
0.038

0.2
0.140
0.113
0119
0129
0128
0.099
0153
0129
0.136
0.164
0.143
0.107
0.133
0155
0072
0.059
0132
0.136
0.155
0.102
0.0a7
0.067
0.059
0.124

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

009z
0.048
0.057
0054
0.026
0.110
0072
0043
0.061
0.077
0051
0.040
0.031
0.038
0.E1
0.013
0019
0.025
0.0
0.011
0.006
0006
0.001
0.001
0.011

0181
0.133
0.137
0.140
0.181
0.201
0.155
0099
0.150
0.169
0.127
0122
0.104
0132
0.1a7
0074
0.097
0.117
004z
0.075
0.049
004z
0.013
0.007
0.076

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.0001 0.075
1.000] 0.059
1.000] 0.045
1.0001 0.042
1.000) 0.032
1.000] 0.045
1.000) 0.035
1.0001 0.032
1.000) 0.052
1.000] 0.036
1.0001 0.050
1.000] 0.041
1.000] 0.042
1.000] 0.04é
1.0001 0.047
1.000) 0.037
1.000) 0.028
1.000] 0.041
1.0001 0.034
1.000) 0.021
1.000) 0.018
1.0001 0018
1.000) 0.007
1.000) 0.020
1.000] 0.063

021z
0.195
0.164
0.170
0.181
0.158
0.143
0.140
0.187
0.146
0.174
0.157
0.156
0.159
0.165
0132
0112
0.151
0128
0.106
0.101
0.101
0.036
0113
0.182

0,000
0.000
0.000
0,000
0.000
0.000
0.000
0,000
0.000
0.000
0,000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0,000
0.000
0.000
0,000
0.000
0.000
0.000

1.0a0
1.000
1.000
1.0a0
1.000
1.000
1.000
1.0a0
0.500
1.000
1.0a0
1.000
0.667
0.500
0.400
1.000
1.000
1.000
1.0a0
0.500
0.500
1.0a0
0.500
1.000
1.000

0.108
0.087
0.079
0.068
0.061
0.044
0.033
0028
0.021
0.027
0023
0.025
0.034
0.041
0052
0.042
0.051
0.034
0.038
0.021
0.017
0013
0.011
0.013
0.049

0119
0.107
0.086
0.109
0.105
0.073
0.074
0.0s2
0.044
0.059
0.061
0.056
0.056
0.060
0.049
0.039
0.081
0.071
0.ara
0.042
0.039
0.049
0.035
0.060
0.076
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Table 4.3 Registration Age Distribution:

Model Estimation Results

Variable LDV LDTI+LDT2 LDT3+LDT4 HDV2B
Cogff. | Std.Err. | tratio Cogff. | Std.Err. | tratio Coaff, | Std.Ery. | tratio Coeff. Std. Exr. t-ratio
age2| -0o24  o0a70| 0144 age2 0202  o020a] 1o20]  agez2| -0273|  oi21] 2268 age 2 0545 0.164 3333
age & 0101 o126| 03543 age2| -00z:6| 0305 007|  egez| 0655|0138 4206 age 3 1135 0195 521%
age 4 0.101 0195| 0516 age4| -000597]  0305| -0020f eges| 0101 0202 -0046 age 4 1043 0.189 5311
age5| 0104 0208 0515 aeges| 0077 0z208| 0251  eges| 0651 0220 -2.060 age 5 1448 021 5 B30
age 6| 0134 0204] 063 eges| 0327 0313] -1043]  aegee| 07| 0224 3247 age 6 1674 0237 7063
age 7| 0257 0209 -1231] age?| 0300 0319 1567 aege?| -1378] 0263 5193 age 7 -1.488 0221 6734
age 8| -0300 o211 -1462) age#| 03539 032t 1740 aeged| -1e3m| o283 5703 age 3 -1.426 n.221 5730
age 9 0143 0257 0352 agee| 0703 0337 2150  eges| 1641 03283 -579% age 9 -1.550 0226 6854
age 18 0.040 0261 0154 age1# 072 0328 -2198| egers| -1eoz| 0287 -5E06 age 18 -1.460 0219 GATT
age 11| 0102 0267| -03%8| age2r| 0322 0332 2474 agezr| -1747] 0201 5007 age I1 1633 0.235 728
age 12| 0365 037s| 0966 eger2| 0223|0333 2474 aegezz| 215 0329 6532 age I2 1578 0229 6905
Alteruative specific age 13| 0375 0281 -1335 aege2z| -0954] 0340 2239 ageiz| 1667 0283 5240 age 12 1417 0215 6,582
constanits age 14| 0450 0283 1570 ageza4| 1106 0348 2132 agezs| -1718] 0280 5044 age I4 1277 0.205 6235
age 15| 0712 0303| -2354| aegeis| 1360 0358 3524 aegess| -tema| 0285 5255 age 15 1332 0.20% 6354
age 16| 1240 03s0| -3541 aegeté| -1714] 0395 4339 agefe] -z308| 0347 -Ees0 age 16 1639 0.240 6837
age 17| 1435 0373 3251 age2r| 1738 0403 -4442| agezr| -2273| 0343 sez0 age I7 -1303 0.256 77
age 18| 1204|0439 -4312] egerd| 2137 0444 4217 agers]| -zziol 0413| &7 age I8 2197 0.30% 7250
age 19| 2013 0459 -4324 age29| 2495 0408 -S04 age o] -2o78| 0447 -e6s age 19 2412 0333 et
age 26| 1036 0454 4371 age2s| -10z9] 0423 4620 age2e| 2311 0347 6651 age 20 1751 0.251 6921
age 21| 2399 0515 4465 age2f| z076|  04368| -4765| age2r| -zaz7| 03wl 675 age 21 -1 %66 0263 7095
age22| 2702 0638 -4320| age22| 2204] 0453 4263 age22| -2528| 0avs| 673 age 22 2028 0282 -7.200
age2z| 3321 0208| -4109] aege2z| -za04| 0453 4262 age2z| -z7van| 0a0s| 6741 age 22 2344 0323 7249
age 24| 3934 1oe0] -3643| ege2d| -3A73|  06d41] -4947] aege2e| -zis0|  0480| 6567 age 24 088 0455 6781
age 25| 0830 0316| -2808] aege2s| 0962 0339 2234 age2s| -1oz4l oAz 6233 age 25 1498 0227 -6 07
Median Income age=>9| -0014] oonass| 2087| age=>2| -00145| oo0e19| 2344| age==4| 0m16]l  0o03] 2amm
Population Density age=>4| s0E05| 236E05]  2.125| age=>2]| 235605 3.0E05] 1083 age==7| 0o043]  o0o0] 2174
Zonal Employment age=>i | 533805 223605 2337 ege == 2| .a73E 05| 260E 03] 1761
Zonal Reiail Acreage age=>2| oomos| oo014d] 1434 ege==7  opoz]  oomi| 142
. age ==2 &
Basic Enploywment age==15| 0000116 529E05 2201
Zonal Infrastracture
Acreage age=>2| -00o0751] onoosza 1437
Number of Observations 240 247 &34 736
Log Likelihood Function | -2446.25|R Sqr 0.103 246182 RS 0007 220425 R Sqr 0.145 -2207.39 R Sqr 00633
Log Likelihood (Mo Coeffs)| -3732 22|R Sqr (a) 0.103 373639 R Sqr ] 0096 -2624.54) R Syr (a 0144 2363.09] R Sqr(a) 00663
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Table 4.3 Registration Age Distribution: Model Estimation Results (continued)

Vasiabla HDV3 HDV4 HDVS HDV6
Coeff.| Std.Err.| t-ratio Coeff.| Std.Err.| t-ratio Coeff.| Std.Err. t-ratio Coeff.| Std.Err. t-ratio
age 2 -0.030 02001 -0397] agel 0212 0177] 1201 age2 -0.265 0.231 -1.151 age 2 -0273 0.197 -1.385
age 2 -0.189 0206 -0916] aged| -0.107 0.191] 0539 aged -0.705 0.260 -2718 age 3 -0.522 0.209 -2.492
age 4 0.120 0191 0631 aged 0.152 0.179 025 aged -0.331 0.234 -1.413 age 4 -0.583 0213 -2741
age 5 0.144 01901 0761 ages5| -0.416 0208] -1995] ages -0.376 0.237 -1.585 age 5 -0952 0.237 -4018
age 6 -0.182 0206] -0285| ageé| -0301 0207] -1888] ageé -0491 0.258 -2672 age 6 -0.861 0.230 -3737
age 7 0227 0208 1089 age 7| -0641 0224] 2865 age7 -0.788 0.268 -2.961 age 7 -0.751 0.223 -3.369
age § 0427 03221 -1935| age d| -0E76 0242 -3616] aged -1058 0.288 -3801 age § -loiz 0.241 -4.191
age 9 0233 02091 -1.118| age®| -0342 0239 3517 age? -0.759 0.264 -2ET9 age 9 -1.147 0.252 -4.547F
age I 0291 0214] -1364| age I##| -0.924] 0248] -3747| age It -1.005 0.290 -3.461 age It -1.113 0.249 -4.462
age 11 0383 0219 -1.745| age 11| -0.964] 02501 -3856| age I -1.180 0.303 -3.900 age I'f -1.236 0.260 -4.752
age 12 -NE16 0353 -3151| age 12| -1656 0328] -5046] age 12 -0.863 0.272 -3.168 age 12 -1.331 0.269 -4953
Alternative spacific age 13 -0.560 0232 -2416| age 13| -1663 0328] -5035] age 12 -1.306 0.317 -4.128 age I3 -1.114 0.250 -4.465
constanis age I4 -0.A04 03235 -2567| age 14| -1.402 0206] -4742] age I4 -1316 0318 -4.144 age I4 -0E75 0.231 -3783
age 15 0334 0216] -1542| age 15| -1.469 0304] -4836] age I¥ -1.336 0320 -4.176 age 15 -0.834 0.233 S350
age 16 -1.046 03274 3312 age I6| 2416 0459 -5264] age I6 -1.425 0.331 -4.310 age I6 -1 /33 0310 =570
age I7 -1.403 0312 -4491| age I7| 2397 0.455] -5268| age I7 -2073 0.429 -4.835 age I7 -1814 0.333 -5.443
age I3 -1.441 03201 -4504| age I8 2478 0.472] -5247| age I8 -1929 0.404 -4779 age I8 -1.703 0.294 -5798
age 19 -1.882 0354 -4758| age 12| -13539 0363l -521| age 19 -1828 0.357 -4.555 age 19 -1.400 0.283 -4.541
age 24 -1319 0305 -4329| age 24| 1423 0208] -4772| age 24 -1835 0388 -4736 age 24 -1.467 0.268 -5.509
age 21 -1.532 0332] -4614| age 21| 2384 0.452] -3271] age 21 -1 @22 0.357 -4.550 age 21 -1.556 0301 -5176
age 22 -1.561 0336] -4644| age 22| 2096 0397] -5278] age 22 -2011 0.418 -4815 age 22 -2.125 0.380 -5.596
age 23 -1.874 0380 -4926| age 23| 2422 0460] -5262] age 23 -2419 0.526 -4 802 age 22 -2392 0.427 -5.604
age 24 -2.474 0502 -4923| age 24| 2322 0.440] -5381| age 24 -2343 0.4%2 -4.861 age 24 2232 0.413 -5612
age 25 -0.087 0.202] -0433| age 25| -0.624 0.222] -28086] age 25 -0.436 0.241 -1812 age 25 -0.359 0.215 -2.603
Zonal Perldng Acreage age =>10 -00739] 00441 -1877
. age=-2 &
Basic Fuiploywent age==2 | 0.000167] 0.000104 1802 age <=14 0000107 5.25E-05 2033
Retafl Ewmployment aga=x=2 -00002 0000144 -1.375
Number of Observations ] 293 467 657
Log Likelihood Funciion -2305.75 R Sqr 00525 -1717.3 R Sgr 0.100 -1416 95 R Sqr 00574 -2002.96 R Sqr 00529
Log Likelihood (Mo Coeffs)| -2433 45 R Sqr (a) 0.0512 -1903.58 R Sqr(a)  0.0938 -1503.22 R Sqr(a) 0.0553 -21148 R Sqr(a) 00513

71



Table 4.3 Registration Age Distribution: Model Estimation Results (continued)

Variable HDVT HDVEA HDVEE HDETS MC
Coeff. | Std.Err. | t-ratio Coeff. | Std.Err. | t-ratic Coeff. | Std.Err. | t-ratic Coeff. | Sid.Err. | t-ratio Coeff.| Std.Err. t-ratie
age 2 -0.424 0221 -1919 age 2 -0.6354 0236 2769 age 0663 0.226] -2936] age2 -0.283 0266 -1.065 agae 2 -0.222 0162 -1.369
age 3 0512 0248 -2024 age 3 0264 0254 -3406] aged -0.420 0213 -2255] aged 0623 nzes) -21n age ¥ 0313 0167 -1 ETF
age 4 -0.361 0235 -1.536 age 0724 0242] 2997 aged 0370 0206 -1797] aged4 0536 0287 -1868 age 4 -0.454 0174 -2alaf
age 5 0642 0236 -2.512 age 5 -0.701 024 -2923] ages -0.071 0190 -0.374] age 5 0338 0274 -1.413 age § -0.581 0181 -3.216
age & 0047 0283] 3347 age & 0660 0237] 2821 aged 0172 0173 0963] age & 0517 0285 1812 age & 0,204 0201 4448
age 7 -0.709 0261 -2715 age 7 -85 0275] 3548 age 7 0252 0199 -1266] age 7 0757 03509 2454 age 7 0ELs 027 -3me
age § 0673 0258 -2609 age § -0.57 023 -2481| ageld -0.771 0234 -3292| age & 0674 0300 -2.250 age § -0975 0282 -3.458
age 9 0153 0223 0480 age 9 053 0227] 2336 age® -0.420 0209 -2010] ege 9 0368 0273 -1350 age 9 1263 0307 -411
age I# 0262 0275 -3137]  age I# 0382 0228] 1628 age I# 0183 0.195| -0935] age 14 0736 0E06) -2402  age I# -1.051 0287 3597
age 171 -0ETT 027 -3.177 age 17 -0.237 0218] -1024| age 1T -0.596 0.221| -2697| age 1T -0.397 0275 -1.444 age 1T -1.208 0302 -3993
age 12 -0.261 0275 -3138]  age 12 0388 0228 -1701] age 12 0243 0240 -3512] age 12 0645 0297 2170 age 12 -11 0202 -376L
Alternative specific age 13 0834 0272 -3066]  age 12 0729 0254 287 age 12 -1.092 0263 -4157] age 13 0581 0291] -199%]  age If 0792 0268 -195
constants age 14 -0.518 0.269) -1926 age 14 -0.306 0223] -1377| age 14 -0.875 0.243] -3.604| age 14 0436 0283 -1.719 age 14 -0.597 0256 -2.334)
age 15 0488 0267] -1828]  age 15 0263 022 -1197| age 15 -1.097 0263 -4169] age 15 0513 0285] -1801]  age 15 0265 0274 3162
age 16 -9 03528] 3373 agels -1.409 0555] -4331] age I6 -1.926 0368| -5217| age I6 0775 nsi0) 2495 age Ie -0.579 0255 22T
age I7 -l.249 0347] 3602 agelF -4 02z 367 ageIF -1.577 0318 -4956] age I7 0967 0332 -2910] agelF -0.387 0244 1583
age 13 -1.700 0378] 44901 age 18 -0.701 0252 -2786] age 18 -1312 0226| -4.500] age 18 0731 0306] -2388]  age IR 0708 0268 2087
age 19 -1 678 03588 -45326] age 19 0609 0244 2495 age 19 -5 0442 -5270] age 19 0797 0313] -2546] ageI? 0736 0265 -2TEL
age 24 0872 0313] -3107]  ageld 0.474 0234 -2024] age 26 -2.163 0410 -5278] age 2¢ 1383 0389 3551 ageld -leds 0267 6055
age 21 2780 0a38] -4364]  age 2F 0014 0271 3377 age 2F 2509 0552 -5087] age 21 -1.307 0292 3567 agelf -1.478 nz3 4481
aga 22 B 0421 -4114]  age 2 B) 0363 -4577] age 22 -1E18 0555 -5021] age 22 -141s 035 3587 agell -1752 0363 482
age 23 3158 0z08] -3821]  agel: -2.157 D43 -47:9| age 23 -4.128 1048] -3.242] age 23 -2413 De0z] -3967]  agelr -1.903 0385 -840
age 24 2418 057 -4246]  age 24 2107 0441] -4784] age 24 -4.970 1.586] -3.134] age 24 S1aodl 03Tel 3443 ageld 1724 0368 4252
aga 25 0533 0271 -1972]  agels -0.706 0252] -2201] agels -2.155 0.408| -5275] age 25 0174 0258 0673 age 2§ 0433 0247 -1.757
Basic Employment age =-I4| -000022) 8.51E-05| -2579| age=>1¢| -0.000108] 473E-05| -2.279
Zonal Acreage of
Infrastructure age =>3 | 0000919 | 0000522 | -1.762
Zonal Madiar Income age=>7 | 00111 | 0003 -239
Tumber of Ohservations 458 [k ] 427 FEE
Log Likelihood Function -147285 R Sqr 00424 -1041 20 R Sqr 00317 -121507 R Sqr 00a7s -134021 R Sqr 00242 -1340.21 R Sqr 00249
Log Likelihood (No Coeffs)| .1570.31 R Sqr(a) (1.0A03 -2005.35 R Sqr (a) 01.0500 -20113 R Sgrda) 00963 -137446 B Sqr(a) 00226 137446 R Sqr (a) (1.0226
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