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Resear ch Background

The research presented in this report was performed at George Mason University
with a small grant from the Federal Highway Administration (FHWA) Office of
Planning, Environment and Real Estate Services. The George Mason University

research team produced the following three products for this research project:

1. A report titled “Vehicle Activity and Personal Travel Inputs to Emission
Models.” (this document) In this report a methodology for deriving vehicle

activity parameters from the travel survey databases is discussed.

2. TRIMM, which is a Microsoft Windows based software application that
mines data from the reduced versions of 1990 and 1995 NPTS data and
2000 NHTS data

3. A manua for using TRIMM as well as providing proper guidance to the

USers.
More information about obtaining these documents may be found at:

http://mason.gmu.edu/~mvenigal/TRIMM
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Executive Summary

The primary use of the MOBILE mode is for developing onroad mobile source
emission inventories for use in air quality planning. The emission rates generated by
MOBILE require a multitude of input variables. Version 6 of MOBILE (MOBILEG)
includes default values for most of these input variables. Users who desire a precise
estimate of local emissions can substitute information that more specifically reflects local
conditions. Travel surveys in general and Nationwide Personal Transportation Survey
(NPTS) data in particular have been determined as promising sources for deriving these
locality specific variables [5]. This research deals with the reduction, analysis and
derivation of personal travel variables from the NPTS databases for use as inputs to
MOBILES®.

State of the practice in emission factor modeling relies too much on default
parameters imbedded in the model. Therefore there is a need for deriving these inputs for
the various geographic regions for providing realistic values. Moreover, he nationa
input data differ among specific localities and regions of the country. Hence, the resulting
MOBILE6 default emissions will not necessarily represent the mobile source emissions
for a specific locality. The input options in MOBILES create significant new information
burden on states, preparing submissions for SIP and transportation conformity purposes.

Hence devel oping accurate travel related input data for air quality models like MOBILE6
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has always been a major challenge for the transportation planners involved in air quality

modeling.

The office of Planning, Environment and Realty (HEP) of Federal Highways
Administration (FHWA) has teamed up with the Civil, Environmental and Infrastructure
Engineering Department of George Mason University in addressing the issues related to
certain hard to obtain vehicle activity and travel activity inputs to MOBILE6. FHWA
sponsored this research study under the Transportation and Environmental Research
Program (TERP). The office of Dean, School of Information Technology and

Engineering (IT&E) at George Mason University shared 28% of the expenditures.

Research Objectives

The primary goal of this research is to derive location specific travel variable
inputs to MOBILE6 and conduct a sensitivity analysis of MOBILESG in relation to the
derived travel variable inputs. Specific objectives are to:

- Study and anayze the applicability of NPTS data for use in emission
modeling.

- Derive the location specific travel variable inputs required for MOBILEG6
from these data.

- Compare the MOBILES6 default inputs to the parameters derived from the
NPTS data

- Conduct a sensitivity analysis of MOBILE6 by replacing the default

variables with the values derived from the NPTS data.



- Compare and contrast the emission factors derived with the default

emission factors.

Input Requirements of Emission Factor Models

On-road mobile source emission factor models require a multitude of input requirements
such us the travel activity data, vehicle data etc., and can report the emission factors for
various pollutants such as carbon monoxide, volatile organic compounds, particulate
matter etc.

The primary use of the MOBILE modd is for developing onrroad mobile source
emission inventories for use in air quality planning. The EMission FACtor (EMFAC)
model is used in Cadlifornia to calculate the emission rates from all on road motor
vehicles. The emission rates generated by MOBILE6 require a multitude of input
variables. MOBILES includes default values for most of these input variables.

The input requirements for MOBILEG6 can be broadly classified into 5 categories:
external conditions; vehicle fleet characteristics; state programs; fuel program and vehicle
activity parameters. As a case study, this research focuses on vehicle activity related
inputs to MOBILE6 as well as the sensitivity of the model to these inputs. Included
among the vehicle activity data needs for MOBILE 6 are the following:

Distribution of vehicle miles traveled by vehicle class
Vehicle Miles of Travel (VMT) distribution by hour

Starts per day distribution by vehicle class and vehicle age
Engine starts per day and their distribution by hour of the day.
Average trip length distribution

R &R & & & &

Engine start soak time distribution by hour (cold soak distribution)



& Hot soak duration

Keeping these input requirements and other considerations in view, earlier research
studies have determined that the NPTS data offers considerable promise in deriving the
locality specific input variables to MOBILE6. The 1990 and 1995 NPTS data and 2000
NHTS data were analyzed for achieving the study objectives.

The combination of each unique household identification number and vehicle
identification number in NPTSINHTS data is flagged as a new trip chain. These trip
chains were used to compute the cold soak and hot soak times that require the end times
of the previous trip and the trip start times of the next trip respectively by the household
vehicle. Severa challenges faced in processing the NPTS data are explained in detail in

the main body of the report.

NPTS Derived Inputs vs. MOBILE 6 Default Inputs

The NPTS/NHTS data were analyzed to derive the following vehicle and travel activity
inputs for MOBILES.

? Start Distribution

? Cold Soak Activity

? Hot Soak Activity

? VMT by hour of the day

? Vehicle Type Classification
? Vehicle Age Classification

In order to visualize the trends in variation of start distribution by hour of day, starts as a
percentage of daily vehicle starts for all of United States (Nationwide), Washington D.C

and MOBILE6 default are plotted in the following figure for a weekday. The percent
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starts from NPTS data for Nationwide and Washington D.C. is estimated to be higher

than the MOBILES default during the morning peak hour.

12.00% —
—@— Nationwide

—@— Washington DC
10.00% " —4— MOBILES Defaulf
8.00% “#é;;;:i:;;;f:>i\g\
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Lo
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Hour of day

FigureE.1
Weekday Starts Distribution by Hour of Day
A plot of the MOBILEG6 default, Nationwide and Washington D.C. MSA from NPTS data
is shown in Figure E.2. It can be observed that the VMT fractions derived from NPTS are
dightly lower than the default fractions during the morning hours and high during the

afternoon and evening hours.
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FigureE.2

VMT Distribution by Hour of Day

Tables E.1 shows the weekday trip length distribution input from 1995 NPTS data for all

of the United States. The first row in each table shows the MOBILEG6 default values. The

default values are the same for weekday and weekend trip length distributions and for

each of the 14 hourly groups. It is observed that the percent VMT in an 11 to 20 minute

trip length is much higher than the default values.




TableE.1
Nationwide Weekday Trip Length Distribution from 1995 NPTS

Trip Length (minutes)
Default 6.74% 18.51% 16.78% 13.11% 8.33% 36.53%
6-7AM 6.71% 17.06% 18.60% 12.53% 12.25% 32.85%
7-8AM 11.02% | 23.29% [ 20.90% | 10.82% 9.84% 24.13%
8-9AM 15.71% | 24.54% [ 17.40% 8.70% 7.32% 26.33%
o | 9-10AM | 18.08% | 24.92% | 15.35% 6.54% 6.80% 28.31%
3 | 10-11AM | 19.48% [ 24.12% | 14.29% 6.36% 5.10% 30.65%
o[ 11-12N 22.54% 26.35% 16.77% 6.34% 5.69% 22.31%
2| 12-1PM 24.12% 25.64% 13.50% 5.99% 5.72% 25.03%
38: 1-2PM 20.56% 25.56% 16.22% 7.18% 6.42% 24.06%
2-3PM 17.73% 25.61% 17.82% 7.49% 7.35% 24.00%
3-4PM 15.90% 25.40% 17.54% 8.50% 8.52% 24.14%
4-5PM 13.46% 22.17% 18.46% 9.62% 8.65% 27.64%
5-6PM 13.67% | 23.71% [ 19.00% 9.63% 10.09% | 23.90%
6-7PM 17.44% 27.13% 18.47% 8.60% 8.60% 19.76%
7-8PM+ | 15.35% [ 25.12% | 18.01% 8.47% 8.66% 24.39%
MOBILE 6 Default values are the same for all the 14 hourly groups for each of the trip lengths

Xiii

Starts per day are derived from NPTS data as a fraction of the total vehicle trips by each

of the three vehicle classes for individual vehicle age groups to the total number of

vehicles in each vehicle class and vehicle age. Table E.2 shows the starts distribution for

a weekday from 1995 NPTS data. Thereis alot of variation in the default values and the

NPTS derived values for the starts per day variable. The starts per day are underestimated

by nearly 50%. MOBILEG6 uses 7.28 starts per day for LDGV and 8.06 starts per day for

LDGT1 and LDGT2 for a weekday. The same default value is used for vehicles of al

ages within avehicle class.



Starts per day distribution for a weekday (1995 NPTS)

1 Vehicle Starts Per Day

TableE. 2

Vehicle Age  LDGV LDGT1 LDGT2
MOBILE6
Default 7.28 8.06 8.06
1 3.50 4.25 6.00
2 4.25 4.03 5.03
3 4.37 413 4.50
4 441 3.92 4.63
5 4.45 3.93 4.90
6 4.46 419 4.60
7 4.38 4.05 4.52
8 434 3.76 4.76
9 4.24 3.76 4.45
10 4.20 4.00 4.10
11 4.19 3.80 4.29
12 4.21 3.90 4.21
13 4.12 371 4.14
14 4.05 3.61 3.97
15 4.13 371 3.96
16 3.92 3.55 3.97
17 3.85 374 452
18 4.04 3.85 4.86
19 3.81 3.26 4.02
20 3.75 3.69 4.06
21 3.92 3.69 3.75
22 3.66 3.46 3.50
23 4.65 353 2.80
24 3.33 4.44 3.60
>=25yrs 3.69 3.60 3.52

Sensitivity Analysis of MOBILEG6

Xiv

MOBILES6 reports emission rates in grams or milligrams of pollutant per vehicle mile

traveled (g/mi or mg/mi). Emission rates from MOBILE6 can be combined with

estimates of travel activity (total vehicle miles traveled, or VMT), which also change

over time, to develop highway vehicle emission inventories expressed in terms of tons

per hour, day, month, season, or year. Based on the MOBILE6 guidance, the default
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variables were replaced by various travel inputs derived from NPTS data. Various
combinations of these variables were given to MOBILE6 and the sensitivity of
MOBILESG to these travel activity inputs was observed. During the sensitivity analysis,
input parameters other than those being tested, were based on EPA national default.

Table E.3 shows a comparison among the default emission factors, emission
factors obtained by changing VMT, starts distribution, cold soak and hot soak distribution
(set 1) and the emission factors obtained by changing all the travel variables (set 2)
derived from NPTS data. It can be seen that the start emissions are affected mostly. The
CO sart emissions are increased by nearly 25% for LDGT2 (set 1). The NOx start
emissions are affected mostly (42% decrease for LDGV) by changing al the derived
travel activity inputs. This decrease in the emissions is mainly due to the starts per day
variable (nearly 50% less than the default). Table E.4 shows the emission factors
obtained by changing only the starts per day variable. It is observed that the start
emissions are effected mostly and the running emissions are not effected which is
obvious since the “starts per day” input is varied. The percent changes are indicated in the
table and the negative sign indicates a decrease in the emission factors.

Figure E.3 shows the change in emission factors by varying the cold soak, hot
soak, VMT and starts distribution inputs. The start emissions and composite emissions

are affected mostly and there is a very minor change in the running emissions.
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TableE.3
A summary of the emission factors (g/mi) obtained by replacing the MOBILEG6
defaultswith NPT S derived inputs

LDGV LDGT1 LDGT2
POT";;:‘”t MOBILE6 Setl  Set2 MOBILEG Setl  Set2 MOBILE6 Setl
Default Default Default

Composite VOC | 0928 | 1.005 | 0820 | 0937 | 1029 | 0782 | 1192 | 1304 | 1.036
Composite CO | 1047 | 1152 | 991 | 1203 | 1348 | 1057 | 1598 | 17.83 | 1462
Composite NOX | 0734 | 0775 | 0694 | 0682 | 0721 | 0618 | 1054 | 1108 | 0.988
\VOC Start 0204 | 0274 | 0152 | 0266 | 0351 | 0164 | 0319 | 0423 | 0215
\/OC Running 0204 | 0206 | 0206 | 0242 | 0244 | 0244 | 0362 | 0365 | 0365
\/OC Total 0408 | 0480 | 0358 | 0508 | 0596 | 0408 | 0681 | 0.788 | 0580
CO Start 275 3.69 208 | 414 | 552 2,62 5.21 6.97 376
CO running 7.71 7.83 7.83 7.89 7.95 795 | 1077 | 1087 | 1087
CO total 1047 | 1152 | 991 | 1203 | 1348 | 1057 | 1598 | 17.83 | 1462
NOX Start 0.48 | 0186 | 0104 | 0156 | 0194 | 0091 | 0207 | 0259 | 0138
NOX Running 0586 | 0589 | 0589 | 0526 | 0527 | 0527 | 0847 | 085 | 0850
NOX Total 0734 | 0775 | 0694 | 0682 | 0721 | 0618 | 1054 | 1.108 | 0988
HOT Soak Loss | 0144 | 0.44 | 0080 | 0110 | 0110 | 0051 | 0123 | 0123 | 0.063
RunningLoss | 0214 | 0220 | 0220 | 0161 | 0165 | 0.165 | 0196 | 0201 | 0.201

Set 1: Emission factors obtained by replacing VMT ,starts distribution, cold and soak and hot soak distributions
Set 2 : Emission factors obtained by replacing all the derived travel activity inputs

TableE.4
Comparison of Emission Factorsfor LDGV by
Replacing the Starts per Day Input

Emissions Default NPTS % Change
Composite VOC 0.928 0.774 -20%
Composite CO 10.47 9.26 -13%
Composite NOX 0.734 0.669 -10%
\VOC Start 0.204 0.113 -81%
\VOC Running 0.204 0.204 -0%
\VOC Total 0.408 0.317 -29%
CO Start 2.75 1.55 -T7%
CO running 7.71 7.71 -0%
CO total 10.47 9.26 -13%
NOX Start 0.148 0.083 -78%
NOX Running 0.586 0.586 -0%
NOX Total 0.734 0.669 -10%
HOT Soak Loss 0.144 0.080 -80%
Running Loss 0.214 0.214 -0%
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MOBILES Default
Nationwide

O Washington DC
O Virginia

Emission Factor (g/mi

Composite CO CO Start CO running
Emissions

FigureE.3
Variation of CO Emission Factors by changing Cold Soak, Hot Soak, Start
Distribution and VMT Inputs

Conclusions

NPTS data has been studied and analyzed thoroughly to derive the travel variables that
are required as inputs to MOBILE6. A thorough examination of the relationship between
MOBILES6 input parameters and the relative importance of these parameters in deriving
the emission factors have been studied. Each parameter evaluated was varied and the
resulting MOBILE6 emissions were compared to emissions determined with default
inputs. The following conclusions were drawn based on the observations.

1. Severa of the travel related variables could be derived using typical travel survey

data. NPTS data offers great promise in this respect.
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2. Travel variable inputs vary significantly from MOBILE6 defaults, which are most
popularly used for getting the locality specific emission factors.

3. MOBILE6 has been found to be senstive to these inputs, which makes it a
worthwhile effort to derive the input variables from NPTS or other survey data.

4. Care must be taken to use the inputs derived from travel survey data, as there are
several data gaps that can be adjusted for by following the suggested

recommendations.

Recommendations

1. Local survey data when available in large sample size is preferred to NPTS data
to derive the locality specific variables.

2. Anaysismust be based on the latest NPTS data (if NPTS must be used)

3. Certain degree of data analysis background is needed to mine survey databases for
use in deriving MOBILEG6 inputs and hence NPTS data has been found to be idedl
for deriving an automated data-mining tool to shield regular MOBILE6 users
from the complexities of the analysis of the travel variables. Also, the tool will

ensure certain degree of uniformity in practice across the nation.

Development of Travel Related Inputs Model for MOBILEG (TRIMM)

Taking above recommendations in to consideration, a database mining tool called Travel
Related Inputs Model for MOBILEG (TRIMM) was developed. The details of TRIMM

and a brief user manual is presented in Appendix B of this report.



1. Introduction

1.1 Background

Vehicle emissions include substances such as carbon monoxide (CO), nitrogen oxides
(NOx), and volatile organic compounds (VOC's) that degrade air quality, thereby
threatening public health and the environment. It has been estimated that approximately
one third of the total US anthropogenic emissions of carbon dioxide come from the
transportation sector [1]. About one quarter of the total emissions are from light duty
vehicles and heavy-duty vehicles [2]. The Environmental Protection Agency (EPA)
tracks trends associated with these pollutants, and provides national emissions estimate
by pollutant and source. The Federal Highway Administration (FHWA) uses this data to
supply the performance indicators required to measure the reduction of onroad mobile
source emissions.

Air quality modeling is used for determining and visualizing the significance and
impact of these emissions to the atmosphere. Air quality modeling is especially useful for
policy-makers whose decisions are often based on emission measurements. The
pollutants of interest for air quality studies are primary pollutants that are directly emitted
into the atmosphere like carbon monoxide (CO), sulfur dioxide (SO,) and secondary
pollutants like surface level ozone (O3). Ozone is formed by the reaction of volatile

organic compounds (VOC's) and nitrogen oxides (NOy) in the presence of sunlight. In



urban areas motor vehicles are the primary sources of volatile organic compounds,
carbon monoxide and nitrogen oxides.

In 2000, onroad transportation sources accounted for 42 percent of carbon
monoxide (CO) emissions, 32 percent of nitrogen oxides (NOy) emissions, 25 percent of
volatile organic compounds (VOC) emissions, and one percent of particulate matter (PM-
10) emissions [3]. Control of these pollutants is critical for reducing their impacts on
public health and the environment. Air quality studies require accurate information on the
emissions of these pollutants with high spatial and temporal resolution so that the causes
of air pollution can be better understood and effective plans can be developed for future
air quality improvement.

The EPA develops and supports regulatory emission models such as the MOBILE
model, which can be used in the development of State Implementation Plans (SIPs) and
the transportation conformity process [4]. Regional emission inventory studies employ
these regulatory models to obtain emission factors (e.g. grams of CO for one mile
traveled). These emission factors are combined with transportation variables (e.g. vehicle
miles of travel) to derive the total emissions under different conditions. This combination
determines the contribution of emissions from mobile sources in a city, county or state.
Vehicle data, travel activity, fleet mix and various other parameters are required as inputs

to these models.



1.2 Problem Statement

The primary use of the MOBILE model is for developing onroad mobile source
emission inventories for use in air quality planning. The emission rates generated by
MOBILE require a multitude of input variables. Version 6 of MOBILE (MOBILE6)
includes default values for most of these input variables. Users who desire a precise
estimate of local emissions can substitute information that more specifically reflects local
conditions. Travel surveys in general and Nationwide Personal Transportation Survey
(NPTS) data in particular have been determined as promising sources for deriving these
locality specific variables [5]. This research deals with the reduction, analysis and
derivation of personal travel variables from the NPTS databases for use as inputs to

MOBILE®.

1.3 Resear ch Need

State of the practice in emission factor modeling relies too much on default parameters
imbedded in the model. Therefore there is a need for deriving these inputs for the various
geographic regions for providing realistic values. Moreover, the national input data differ
among specific localities and regions of the country. Hence, the resulting MOBILEG
default emissions will not necessarily represent the mobile source emissions for a specific
locality. The input options in MOBILE6 create significant new information burden on
states, preparing submissions for SIP and transportation conformity purposes. Hence

developing accurate travel related input data for air quality models like MOBILE6 has



always been a mgjor challenge for the transportation planners involved in air quality
modeling.

Though some EPA technica documents [6, 7, 8, 9 address MOBILEG6 input
needs, they mainly address the input formats and the manner in which these variables are
used internally in the model. Though they indicate what type of data are appropriate for
use within MOBILES, they do not go far enough to address the methods to derive these
data for many input parameters.

Travel activity input parameters may be derived at local, regional and national
level from the available transportation data sources, most notably travel survey data. The
research addresses the methods to derive various travel activity inputs to MOBILEG from
travel survey data and conduct the sensitivity analysis of MOBILE6 by replacing the
default values with locality specific values.

Nair, et al. [10, 11] used the local houselold travel survey data and developed
empirical relationships for deriving soak period inputs and trip duration inputs for the
Dulles-Fort Worth area. However these empirical models are not flexible and the data
processing required specia analytical skills. Venigalla et a. [4, 5] used the 1990 and
1995 Nationwide Persona Transportation Survey Data (NPTS) to derive start modes for
MOBILE5Sx and soak period inputs to MOBILE6G. However, there are a host of other
vehicle activity inputs that can be derived fromtravel surveys, which are not addressed in
the available literature. This research presents methods for deriving a number of such

travel activity inputs from NPTS data.



1.4 Resear ch Objectives

The primary objective of this research is to derive location specific travel variable inputs
to MOBILEG6 and conduct a sensitivity analysis of MOBILESG in relation to the derived
travel variable inputs. Specific objectives are to:

Study and analyze the applicability of NPTS data for use in emission modeling.

Derive the location specific travel variable inputs required for MOBILEG

from these data.

- Compare the MOBILEG6 default inputs to the parameters derived from the
NPTS data

- Conduct a sensitivity analysis of MOBILE6 by replacing the default
variables with the values derived from the NPTS data.

- Compare and contrast the emission factors derived with the default

emission factors.

1.5 Research Sponsorship

The office of Planning, Environment and Redty (HEP) of Federal Highways
Administration (FHWA) has teamed up with the Civil, Environmental and Infrastructure
Engineering Department of George Mason University in addressing the issues related to
certain hard to obtain vehicle activity and travel activity inputs to MOBILE6. FHWA
sponsored this research study under the Transportation and Environmental Research
Program (TERP). The office of Dean, School of Information Technology and

Engineering (IT&E) at George Mason University shared 28% of the expenditures.



2. State of the Practice

The Clean Air Act of 1970 (CAA) mandates that mobile source emission inventories be
prepared as an integral part of State Implementation Plans (SIP). An SIP is a plan that
contains procedures to monitor, control, maintain and enforce compliance with the
National Ambient Air Quality Standards (NAAQS). Under the CAA, NAAQS serve as
national target for the maximum concentration of a specific pollutant in the ambient air.
To comply with the regulation of CAA, the Federal Highway Administration (FHWA)
and Environmental Protection Agency (EPA) have established air quality requirements
that impact transportation planning processes and traffic operations.

Air quality in al geographical regions of the country is classified as ether in
attainment or non-attainment. The EPA deems an area to be in attainment when the air
quality is monitored and the resultant concentrations are found to be consistently below
the NAAQS. The pollutants for which NAAQS have been established are known as
criteria pollutants. EPA designates six pollutants as criteria pollutants. These include
carbon monoxide, oxides of nitrogen, ground level ozone, fine particulate matter, sulfur
dioxide, and airborne lead. Areas that have ambient criteria pollutant concentrations
above the NAAQS are considered to be in nonattainment for those pollutants. Some
areas are designated as "maintenance’ areas. These are regions that were initialy

designated as non-attainment and have since attained compliance with the NAAQS [8].



Both transportation long range plans (LRPs) and transportation improvement programs
(TIPs) must be analyzed in areas that do not or previoudy did not meet the air quality
standards. Thisisto ensure that those plans and programs do not:

& Cause new air quality violations

& \Worsen existing violations or

& Delay attainment of national air quality standards.
Desirable assessment of mobile source emissionsis an essential of an effective air quality
improvement program. An emission factor model plays a vita role in assessing the nature
and magnitude of onroad motor vehicle emissons and their impact on ambient air
quality. The MOBILE modéd is the primary tool used by most air quality planners at
national, state and local levels to estimate on-road mobile source emissions and henceis a
key to assessing associated environmental impacts. Figure 2.1 shows a schematic of
modeling regional emissions [12]. It shows the procedure for anaysis of the
transportation investment decisions (LRP's and TIP's) using the MOBILE6 emission

factor model before they are brought into effect.



Transportation
Investment Decisions
(LRPs and TIPs)

Travel Demand Travel Variable
M odels Inputs
and
Travel Surveys

MOBILEG6

Travel Parameters

VMT, Speed etc. T
Emission Factors

(gm/mile)

Transportation
& Air Quality Total
Interface Models Emissions

Source: Venigala, M.M., “ Transportation and the Environment”. Material Prepared for the CEIE 690 Course at

George Mason University.

Figure2.1
Regional Emissions: M odeling Schematic
2.1 A Brief History of MOBILE
The MOBILE model was first developed in 1978 and since has been revised seven times.
Each revision included significant changes to input requirements, computational
algorithms and/or outputs. Listed below is a brief history of the MOBILE model [13].

& MOBILEL (1978) — Caculated HC, CO, and NOx for calendar years 1970
through 1999 for six vehicle types (Diesel cars and light trucks were not
included).

& MOBILEZ2 (1981) — Updated with new data on emission-controlled vehicles at

higher mileages.



= MOBILES (1984) — Updated with additional data. California emission rates were
eliminated. Added tampering (rates and associated emissions impacts) and anti
tampering program benefits.
=MOBILE4 (1989) — Significant changes to evaporation algorithms were made
and running losses included for the first time. A higher deterioration rate for
mileages above 50,000 was employed. Modeled fuel volatility (Reid Vapor
Pressure, RVP) effects on exhaust emission rates.

& MOBILE4.1 (1991) — Impact of oxygenated gasoline was included. Evaporation
resting losses were added. Effects of Tier 1 and Cold CO standards were
incorporated.

2 MOBILE5 (1992) and MOBILE5a (1993) — Basic emission rates derived from
IM240 data, impacts of new standards and Reformulated Gasoline (RFG)
programs were incorporated. Included impact of oxygenated fuels on VOC
emissions,

& MOBILE5b (1996) — Additional Inspection/Maintenance (I/M) options were
incorporated.

& MOBILES6 (2001) — Latest in the MOBILE series. Calculates HC, CO and NOx
emission factors for calendar years 1952 to 2051 for 28 vehicle types.

The emphasis of this research is on version 6 of the model - MOBILES.
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2.2 Overview of MOBILEG

MOBILES is a software tool that estimates current and future vehicle emissions under a
host of different conditions. MOBILES is the approved US EPA motor vehicle emission
factor model for estimating volatile organic compounds (VOC), nitrogen oxides (NOx)
and carbon monoxide (CO) from different vehicles. State and local air quality and
trangportation agencies outside of California are required to use MOBILE6 in SIP
development and transportation conformity determination [14]. The EMission FACtor
(EMFAC) model is used in Cdifornia to calculate the emission rates from all on road
motor vehicles. MOBILES is based on substantial new test data and accounts for changes
in vehicle technology and regulations. It incorporates many new features, including many
new input and output options.

MOBILEG6 can break down emissions by roadway type, time of day, vehicle
category, and other categories that allow detailed modeling of local specific situations.
MOBILES includes default values for a wide range of conditions that affect emissions.
The EPA recommends that states use locality specific travel variables as inputs instead of
the default values. Users may prefer to use the default values if the data for an input

requirement are unavailable.

2.2.1 MOBILES6 Inputs
There are three types of MOBILEG input files: command files, batch files, and external
data files. All these three types of files must be in the form of ASCII DOS text files.

Command input files are the method for users to specify what sorts of results are needed
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from MOBILE6. Many MOBILE6 commands require extensive user-supplied data that
users must provide in separate files called “externa” data files. All the below discusses
input requirements are given in one of the following type of files.

The input requirements for MOBILEG6 can be broadly classified into 5 categories [6].

& External Conditions
& Vehicle Fleet Characteristics
& State Programs
& Fuel Program
& Vehicle Activity
These inputs are explained in detail in the following sections.

2.2.1.1 External conditions

These are the conditions external to the highway vehicle fleet and transportation network,
which influence the vehicle emissions. External condition commands alow users to
specify the time frame, altitude, and weather conditions they wish to model. Options
include:

Calendar year
Month of evaluation
Altitude
Temperature
Humidity

R & & & & &

Other air-conditioning related input options
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2.2.1.2 Vehiclefleet characteristics

MOBILES6 allows a new vehicle classification system, which reflects more accurately for
emission standards than the previous versions. Fleet characteristic commands allow users
to supply vehicle age, power source and activity level variables such as:

Distribution of vehicle registrations

Diesdl fractions

Annual mileage accumulation rates

Natural Gas Vehicles (NGVs) fraction

Alternate emission factors for Natural Gas Vehicles (NGVS)

K & & & R

2.2.1.3 State Programs
State program commands allow users to model the impact of state-specific emission
control programs such as:

« Effects of fuel program on emissions

« Effects of stage Il on refueling emissions
&« Anti-tampering programs

= Inspection/Maintenance (I/M) programs

2.2.1.4 Fuel Program
Fuel commands alow users to model the impact of various gasoline fuel parameters
including:

« Sulfur content of gasoline
& Sulfur content of diesel fuel
&« Oxygenated fuels programs
= Fuel Reid Vapor Pressure (RVP)
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& Effective season for RFG calculation

2.2.1.5 Vehicle Activity
The MOBILE6 model requires a wide variety of vehicle activity data as inputs. Included
among the data needs are the following:

Distribution of vehicle miles traveled by vehicle class

&

Engine start soak time distribution by hour (cold soak distribution)
Hot soak duration
Engine starts per day and their distribution by hour of the day.

&

Average trip length distribution
Starts per day distribution by vehicle class and vehicle age
Vehicle Miles of Travel (VMT) distribution by speed, hour and facility

R & & & &

Procedures for obtaining requirements, which are classified as external conditions, state
and fuel programs mentioned above are pretty straightforward. Most of the research is on
preparing inputs that are classified as vehicle activity requirements. A detaled

description of eachof the travel activity input is given in chapter 3.

2.2.2 Default Valuesfor Travel Variablesin MOBILEG

While preparing the default values for VMT, EPA used the data from travel demand
models and traffic counts. Five different urban areas were selected, out of which results
from three cities were obtained from travel demand models and those of the other two
(Batimore and Spokane) were obtained from traffic count data. Although all the
aforementioned cities have different types of road networks and functional classes, EPA

used these merged data to represent national default values. While preparing default
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values for mileage accumulation rates, EPA used data from travel behavior surveys.
Specifically, for the Light Duty Gasoline Vehicle (LDGV) class, the 1992 Truck
Inventory and Use Survey were used. For the Light Duty Gasoline Truck (LDGT) vehicle

class the 1995 NPTS data was used.

2.2.3 Sensitivity Analysisof MOBILEG6

In a sensitivity analysis conducted by the EPA [14], it was found that the amount o
influence on al three pollutant emission rates (CO, NOx, VOC) from different inputs
varied greatly in magnitude. These pollutant emission rates were found to be very
sensitive to changes in travel behaviors such as vehicle miles travel by hour of the day,
vehicle travel speeds and vehicle types. Among these parameters VMT by vehicle type
exerted the most significant and sensitive affect on both NOx and CO emissions.

The term “sengitive” is used to describe the effect of various parameters on the
emission factors. Understanding the behavior of the model under various conditions
becomes more critical as the task of collecting local data is time and resources intensive.
Through this sensitivity analysis users can understand the model’s behavior and can
prioritize costly data collecting efforts and ultimately initiate emission control strategies
according to parameter sensitivity. During the sensitivity analysis input parameters other
that those being tested were based on the EPA national default data. The least significant
digit of the MOBILE6 emission factor output is the thousandth digit. When the emission
factor is multiplied by vehicle miles traveled, which is typicaly in millions the

thousandth digit of emission factor becomes very significant.
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Miller et al. [15] studied and analyzed the heavy-duty vehicle characteristics and
emissions in Tennessee and compared with the MOBILE6 national defaults. It was
established that heavy-duty trucks contribute such a large proportion of the total mobile
source emissions, especially NOx and hence it isimportant to characterize the heavy-duty

vehicle fleet and heavy-duty vehicle VMT accurately.
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3. Travel Activity Inputstothe MOBILEG6 Model

As mentioned in Chapter 2, MOBILE6 model requires a wide variety of travel activity
data as inputs. Through input files, users can input local data to best meet their needs.
Included among the travel activity data needs are the following:

Fraction of Vehicle Miles Traveled (VMT) by vehicle class
VMT by hour, speed and facility

Starts per day by vehicle age

Distribution of vehicle starts during the day

Soak distribution

Hot soak activity

R &R & & & & K&

Weekday and weekend trip length distribution

3.1.1 Fraction of Vehicle Miles Traveled (VMT) by Vehicle Class

The VMT fraction by vehicle class varies from area to area and can have a significant
effect on overall emissions from highway mobile sources. The VMT fractions specify the
breakdown of total highway VMT that are accumulated by each of 16 combined vehicle
classes [6]. MOBILEG6 requires that loca VMT fractions by vehicle class be supplied
separately for 16 vehicle class definitions. These vehicle classes are determined by the
regulations under which the vehicles are certified for sale. The 16 vehicle classes are
shown in Table 3.1 [6]. MOBILE6 calculates the default VMT fractions based on
national average data characterizing vehicle age distributions and annual mileage

accumulation rates by age for each vehicle class, and the total number of vehicles of each
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vehicle class nationally. MOBILESG allows this default distribution to be replaced by local

values.
Table3.1
Vehicle classification for VM T Mix
Number | Abbreviation Description
1 LDV Light-Duty vehicles (Passenger Cars)
2 LDT1 Light-Duty Trucks 1 (0-6,000 Ibs. GVWR, 0-3,750 Ibs. LVW)
3 LDT2 Light-Duty Trucks 2 (0-6,000 Ibs. GVWR, 3,751-5,750 Ibs. LVW)
4 LDT3 Light-Duty Trucks 3 (6,001-8,500 Ibs. GVWR 0-5,750 Ibs. ALVW)
5 LDT4 Light-D)uty Trucks 4 (6,00-8,500 Ibs. GVWR 5,751 Ibs. and greater
ALVW
6 HDV2B Class 2b Heavy-Duty Vehicles (8,501-10,000 [bs. GVWR)
7 HDV3 Class 3 Heavy-Duty Vehicles (10,001-14,000 Ibs. GVWR)
8 HDV4 Class 4 Heavy-Duty Vehicles (14,001-16,000 Ibs. GVWR)
9 HDV5 Class 5 Heavy-Duty Vehicles (16,001-19,500 Ibs. GVWR)
10 HDV6 Class 6 Heavy-Duty Vehicles (19,501-26,000 Ibs. GVWR)
11 HDV7 Class 7 Heavy-Duty Vehicles (26,001-33,000 Ibs. GVRW)
12 HDV8A Class 8a Heavy-Duty Vehicles (33,001-60,000 Ibs. GVRW)
13 HDV8B Class 8b Heavy-Duty Vehicles (> 60,000 Ibs. GVRW)
14 HDBS School Buses
15 HDBT Transit and Urban Buses
16 MC Motorcycles (All)

The vehicle classes used for entry of the VMT fractions do not differentiate

vehicles by the type of fuel used (i.e., diesdl versus gasoline).

3.1.2 VehicleMiles Traveled Fraction by Hour of the Day
Vehicle Miles Traveled (VMT) by hour of the day is a very important parameter
requirement used to forecast mobile source emissions. Total nationa VMT has been

increasing mainly due to the following factors.
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- Increase in vehicle ownership
- Increase in number of vehicles

- Decrease in average vehicle occupancy
The VMT fraction by hour of the day, speed and facility vary with geographic region.
The amount of vehicle miles traveled varies significantly during the day. MOBILEG6 has
a national average default distribution for the daily VMT. The distribution is simply the
fraction of al daily VMT by all vehicle classes, which occurs in each hour of the day.
According to the MOBILE6 guidance, the VMT fractions by hour of the day used in
inventory modeling should be consistent, where possible, with assumptions used in other

highway vehicle related planning.

3.1.3 Vehicle Engine Starts Per Day

The number of vehicle engine starts per day also varies with geographical area. This
input variable alows users to specify the average number of engine starts (trips) per
vehicle per day for specific vehicle classes and ages for weekend days and/or weekdays.
MOBILES assigns each of the 28 individual vehicle classes (not to be confused with 16
vehicle classes used for VMT fractions by day) at each of 25 ages a separate default for
number of engine starts per day. The defaults differ for weekdays and weekends. For
example, light duty passenger vehicles use 7.28 starts per day for weekdays and 5.41
starts per day for weekend days. Light trucks use 8.06 starts per day for weekdays and
5.68 starts per day for weekend days. The same default value is used for vehicles of al

ages within a vehicle class. But for most purposes, EPA does not expect states to develop
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local estimates. States may choose to use the default values for vehicle engine starts per

day instead of developing local values.

3.1.4 Vehicle Engine Starts by Hour of the Day

Exhaust emissions that occur immediately after a cold engine start can account for a
significant fraction of the emissions that occur during a vehicle trip. The fraction of the
vehicle starts in each hour of the day is required as direct input to MOBILE6, which
contains default values for the distribution of the engine starts by hour of the day for a

weekday and a weekend day.

3.1.5Vehicle Trip Length Distribution

Trip-length activity estimates are used to calculate running loss emissions. Running loss
emissions are evaporative emissions, i.e., emissions that have escaped from a vehicle
while the engine is operating. Fuel evaporation, especially from the fuel tank occurs
during trips due to the heating of the fuel system. These emissions are affected by the
length of time the vehicle has been in operation. Longer trips mean more evaporative
running loss emissions due to increased fuel system temperatures. 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.
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3.1.6 Soak Length Activity Factorsfor Start Emissions

Soak distributions are required as direct inputs to MOBILE6. A vehicle is considered
soaking if the engine is not running. The length of time between two successive events
that defines an engine turn off and ignition is known as the soak period. Soak distribution
is further classified as cold soak distribution and the hot soak distribution based on the
length of time for which the engine is turned off. Hot soak emissions are evaporative
emissions, which may be produced by a warm, but no longer running vehicle.

There has been a significant change from MOBILES to MOBILE6 with respect to
soak time distribution. MOBILES uses the concept of mode fractions, which requires the
classification of vehicle miles traveled into three operating modes: cold-transient, hot-
transient, and hot-stabilized. The transient mode of operation consists of all operations
before 505 seconds after the start of the trip. Transient trips are further classified into cold
transient and hot transient depending on whether the start mode was a cold start or a hot
start. Hot starts are those that occur less than 1 hour after the end of the preceding trip. In
MOBILES the start emissions are separated from the running emissions.

Cold soak input in MOBILE6 ranges from zero minutes to a maximum of 12
hours (720 min) and a hot soak ranges from 1 minute to a maximum of 1 hour (60 min).
The MOBILES6 default values for soak duration distribution on weekends and weekdays
were developed from instrumented vehicle studies conducted on 168 vehicles in the

Baltimore and Spokane areas [7].
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3.2 Data for Deriving Locality Specific Travel Variables
The Highway Performance Monitoring System (HPMS) provides vehicle use data from
traffic counts performed in each state. These data can be obtained from FHWA and can
be used in deriving VMT distributions. However, the EPA recommends that local count
data should supplement HPMS data to obtain more representative values [6]. Areas with
available travel demand models can directly use estimated link volumes to provide local
input data. However, there are some limitations to this method. The output form travel
demand models is not meant to provide detailed vehicle classifications. Keeping these
input requirements and other considerations in view, Venigala and Pickrell [5] have
determined that the NPTS data offers considerable promise in deriving the locality
specific input variables to MOBILE6. The NPTS data provides information on various
travel parameters from which several travel activity related variables that are required as
inputs to MOBILEG can be derived.

A description of the NPTS data and its characteristics are discussed in the

following sections.

3.3 Nationwide Personal Transportation Survey (NPTS) Data

The Nationwide Personal Transportation Survey (NPTYS) is primarily sponsored by the
U.S. Department of Transportation and is conducted periodically (every 57 years). Data
are collected for many types of trips, various modes, trip lengths and trip purposes for all
geographic areas from sample United States households. These data are expanded to

provide annual, national estimates of trips and miles by travel mode, purpose, time of
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day, day of week, and a host of other characteristics that are used by transportation
planners and others concerned with the mobility of the American public and the human,
economic and environmental impacts of transportation. The NPTS serves as the nation’s
inventory of daily personal travel and is the only authoritative source of national data on
the daily trips including,

Purpose of the trip

Means of transportation used

Travel time

Time of day the trip took place

Driver characteristics (age, sex, worker status, education level, etc.)

Vehicle attributes (make, model, model year, amount of miles driven in ayear).

K R &R & & & K

V ehicle occupancy

3.3.1 Uses of Nationwide Personal Transportation Survey (NPTS) Data

The NPTS is a tool in the urban transportation planning process. It provides data on
persona travel behavior, trends in travel over time, trip generation rates and data for
various other planning and modeling applications.

The NPTS data can be used to

Quantify travel behavior
Analyze changesin travel trends over time

&
&
& Relate travel behavior to the demographics of the traveler
=

Look at the relationship of demographics and travel over time
& Look at the relationship of travel and land use

The 2001 NHTS data updates information gathered as a part of the 1969, 1977, 1983,

1990, and 1995 Nationwide Personal Transportation Surveys (NPTS) and the 1977 and
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1995 American Travel Survey (ATS). Along the lines recommended by Venigalla et al.
[4] and Venigalla and Pickrell [5] a comprehensive analysis of the 1995 NPTS and 2000

NHTS was undertaken to derive several vehicle activity inputs to MOBILES.
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4. Analysis of the NPT S Data

A comprehensive analysis of the 1995 NPTS database was undertaken to derive certain
travel related inputs to MOBILESG. The NPTS data include information on 409,025 trips
made in one day (travel day) by over 2,000 households using over 75,000 vehicles
across the United States. Similarly, the 2000 NHTS data includes information on 248,517
trips made by over 26,000 households using over 53,000 vehicles. The 2000 NHTS data,
which was just released in January 2003, is not used in the sensitivity anaysis of
MOBILES®.

The NPTS database includes five different tables: the travel day trip file,
household file, vehicle file, person trip file, person file and segmented trip file. Among all
these files the day trip file and the vehicle file are the two most relevant files for this
study. All the data from these two tables is not necessary to derive the inputs to
MOBILE6. Some of the relevant and useful variables for deriving some of the inputs to
MOBILESG include

Household identification number
Vehicle identification number
Start time of the trip

Length of the trip

Trip purpose variables

R & & & & &

Geographic classifications. state, census region, census division, metropolitan
statistical area (MSA) and MSA size.

&

Vehicle type and make year of the vehicle
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= Day of the week trip took place (weekday/weekend)
These variables were extracted from the 1995 NPTS database to create a smaller database
for the analysis. Though the National Personal Transportation Survey is skillfully
executed and the data are well organized, the data needed some screening before it could

be analyzed to derive the travel related inputs required for MOBILESG.

4.1 Data Screening

Highway trips were separated from transit trips and vehicle trips were isolated from
person trips since trip chains can be reconstructed for trips made using only the
household vehicles. It was observed that household vehicles made only 320,646 trips out
of 409,025 trips in the travel day data. Non-household vehicles or transit were used for
making the remainder of the trips. Trips for which the start time of the trip was not
specified were also separated. All person trips that represent a duplicate vehicle trip were
discarded since distinct vehicle trips are required for computing the soak times and to
calculate the total number of vehicle starts per day. At the final stage of the screening
when only the unique vehicle trips were retained in the final analysis database, the overal

sample size was reduced to 239,642 trips.

4.2 Reconstructing Trip Chains
The three most important variables used for identifying each chain of the trips in the
database are: the unique household identification number, the vehicle identification

number (within the same household) and the start time of the trip. The combination of
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each unique household identification number and vehicle identification number is flagged
asanew trip chain. Trip chains are required to compute the cold soak and hot soak times
that require the end times of the previous trip and the trip start times of the next trip
respectively by the household vehicle.

Accuracy issues arise with travel survey data when the survey instruments are not
exclusively developed for air quality modeling purposes. Even when they are designed
for air quality modeling purposes, the data are seldom accurate enough at the detailed
level required in emissions modeling. Therefore the trip chains used for final analysis
were subjected to a series of consistency checks.

Due to the nature of the survey methods used in collecting the NPTS data, the
respondents revea the start time and duration of trip from a trip-log or from their
memory recollection. The soak period data analysis revealed severa instances where the
computed soak periods either appeared questionable or, even unreliable. For example,
even though a meticulous data screening process was undertaken to prevent the
occurrences of overlapping person trip chains, a small number of vehicle trips were found
to have overlapping durations. Consequently, these trips in the chains showed negative
soak periods. The trips and in some cases entire vehicle trip chains were discarded from
the analysisdata[5]. After the final screening process, the sampling characteristics of the
retained unique vehicle trip data were assumed to be representative of the sampling

characteristics of the 1995 NPTS database. There were 184,478 distinct trips made by the
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household vehicles after screening the data. These vehicle trips were used in deriving the

travel activity inputs to MOBILEG. The schematic of data analysis for NPTS database is

shown in Figure 4.1 [16].
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Figure4.1
Schematic of Data Analysis of NPT S Database

4.3 Start Distribution
Start distribution input for MOBILES is the total number of engine starts in each hour of
the day. In order to visualize the trends in variation of start distribution by hour of day,

starts as a percentage of daily vehicle starts for all of United States (Nationwide),



28

Washington D.C and MOBILEG6 default were plotted in Figures 4.2 and 4.3 for weekday
and weekend, respectively. It can be seen that the general trend is indicating higher
percent starts during the morning peak hour and the evening peak hour with a relatively
lower starts during the night hours on a weekday. A significant difference exists in the
starts distribution for the weekday and for the weekend. This is intuitive as most
motorists have different usage patterns for their vehicles on weekdays than on weekends.
Figure 4.4 shows the variation of starts distribution from the 1995 NPTS and the 2000
NHTS data. The distribution does not vary considerably during the morning peak period

and the evening peak period but there is a small variation during the afternoon period.

4.4 Trip Purpose Classification
All the trip purpose classifications given in NPTS data are reclassified under 3 major trip
purpose groups; home based work (HBO) trips, home based other (HBO) trips and non
home based (NHB) trips.

Figure 4.5 shows the distribution of starts by trip purpose based on the 1995
NPTS data. The trend indicates higher percent of starts during the morning and evening
peak periods for the home based work trips and higher percent of starts during the
afternoon period for the home based other trips. The non-home based trips have variable

starts distribution.
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Weekday Start Distribution from 1995 NPT S and 2000 NHT S Data
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4.5 Computing Soak Durations

A soak is defined as the duration of time preceding a vehicle start in which the vehicle's
engine is not operating. The temporal distribution of the soak time in an area is an
important determinant of area-wide mobile source emissions. Distribution of soak
duration over time is an important input for the emissions forecasting model snce the
start emission are dependent on the soak durations. MOBILE6 uses the cold soak time of
a vehicle trip as one of the several factors to estimate the emissions associated with the
engine start of the trip. The trip soak time is dependent on various factors such as the
purpose of the preceding trip, the time of day of the trip start, and other socio-
demographic characteristics of the zone of trip start. Hot soak is the period of time for
which the engine remains hot after the engine is turned off and gasoline evaporation
continues when the car is parked.

Figure 4.6 gives an idea of how the cold soak, hot soak and the starts distribution
are derived from the NPTS data. Assume that there were 2 trip made by a household
vehicle on a particular day. Tripl startsat 7 AM and ends at 7:45 AM. Trip 2 starts at 9
AM and ends at 9:45 AM. So there are 2 trip starts 50% at 7 AM and 50% at 9 AM. The
cold soak of trip 2 is the time elapsed when the trip 1 ended and the trip 2 started which is
75 min in this particular case. Hot soak of trip 1 is 60 minutes. (Since hot soak can range

to a maximum of 60 minutes).
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7 AM 7:45 AM 9 AM 9:45AM
Trip1 I Trip 2
Engine Starts Engine off Engine Starts Engine off
| |

Hot Soak of trip 1=60 min
(60 min Max)

Cold Soak of trip 2 = 75min
(720 min Max)

2 Trip Starts
50% @ 7 AM
50% @ 9 AM

Diagrammatic Representation of ccl):llclggaek‘lfnd hot soak calculation from NPTS
data

4.6 Deriving Cold Soak Activity

The cold soak period between two successive trips made by the vehicle was computed
based on the begin-time of the current trip and the end-time of the previous trip. The end
times of the trips were computed based on the start time of the trip and the length of the
trip (in minutes). The NPTS travel-day data contained information only on a 24-hour
travel-day, between 4:00 AM of current day and 3:59 AM of the next day. Determining
the soak times of the first trip made in each trip chain is, therefore, difficult. In order to

facilitate the computation of first-start soak time, previous day’s travel activity is

assumed to be identical to that of the travel day, both in terms of person and vehicle trip
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characteristics and the last trip end time on the previous day is assumed to be equal to last
trip end time on the travel day.

Each of the soak times derived above was identified with the appropriate
MOBILEG6 soak interval category shown in Table 4.1. The frequencies of each of the 70
soak period intervals for each hour of weekday and weekend day were then obtained.

Table4.1
MOBILE®6 Soak Interval Classification of Soak Times

Soak Interval .

Number, N Range of Soak Time

1 Greater than 0.01 and ? 1.0 minutes

21030 Greater than (N-1) and ? N minutes

31to 45 Greater than (2n-32) and ? (2N-30) minutes

46 t0 67 Greater than (30N-1, 320) and ? (30N-1, 290) minutes
68 Greater than 720 minutes

69 Greater than zero, but less than 0.01

70 Zero minutes (stalls, not used)

Soak interval number 69 of the MOBILE6 model is designed to represent re-starts with
soak duration as low as 1/100" of a minute. The NPTS survey methods adopted a travel
time resolution of one minute, which means that the NPTS data cannot be used to derive
soak period distribution data for interval number 69. [5] There were no trips with zero
soak periods.

In order to visualize the trends in variation of soak time by hour of day, average
soak times for the four census regions are plotted in Figure 4.7. It can be seen that the

general trend isindicating higher soak times for morning periods, followed by arelatively



flatter trend during the midday and evening hours. The overal trend doesn’'t change

across the 4 census regions.
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Figure4.7
Average Cold Soak by Census Region

4.7 Deriving Hot Soak Activity

The hot soak period is computed based on the end time of the current trip and the start
time of the next trip. Hot soak 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 an hour has elapsed. For

trips that did not start before an hour has elapsed, the soak period is greater than 60
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minutes and hence the hot soak period for such trips is taken as 60 minutes. The hot soak
time distributions represent the number of vehicles experiencing a hot soak of a given
duration (1 to 60 minutes) at each hour of the day. MOBILE6 assumes that hot soak

durations range from 1 minute at minimum to a maximum of 60 minutes.

4.8 Vehicle Miles Traveled (VMT) by hour of the day
NPTS data does not provide travel data information based on the speed of the vehicle and
the roadway type. Hence only VMT fraction by hour of the day is derived as inputs from
NPTS data. The total vehicle miles traveled in each hour of the day for atrip is computed
based on the trip start time, total trip duration and the vehicle miles traveled in the trip. A
vehicle trip is classified into a particular hourly group if any part of the trip duration was
in a given hourly group. A given vehicle trip could potentially be classified into one, two,
or even three different hourly groups depending on the duration of the trip, and how
many group interval boundaries it crossed. This classification can be best illustrated with
an example of two general cases.
# |If a vehicle trip was from 8:15 AM to 8:45 AM with 25 miles of trave, it is
classified as atrip in hourly group 8 with 25 miles of travel in that hourly group.
& |If the trip was from 9:15 AM to 10:20 AM with 50 miles of travel, its contribution
has to be split between two hourly groups (9 and 10 hour). Thus, the 50 miles of
travel is split between hourly group 9 and 10 in the ratio of the travel timein each

hour. Hence the VMT in 9 hour group is ((45 minutes) / (65 minutes)) * (50
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miles) and the VMT in the 10 hour group is ((20 minutes) / (65 minutes)) * (50
miles).
Figure 4.8 illustrates the comparison of percent VMT at each hour of the day from the
1995 NPTS and 2000 NHTS. It shows a general trend of higher VMT during the morning
peak times and the evening peak times. The 2000 NHTS data shows a higher VMT for

the afternoon period than the 1995 NPTS data.
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VMT by Hour of Day
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4.9 Vehicle Type Classification

The NPTS data include data on trips made by different vehicle types. The vehicle
classification given in NPTS data is not the same as the MOBILEG6 vehicle classification.
The different vehicle types in NPTS data are regrouped into 3 types of MOBILEG6 vehicle
classification: Light Duty Gasoline Vehicle (LDGV), Light Duty Gasoline Truck 1
(LDGT1) and Light Duty Gasoline Truck 2 (LDGT2). Since NPTS data contains only the
persona travel data information, travel data inputs to MOBILE6 for heavy-duty trucks

cannot be obtained. The MOBILESG classification of NPTS data vehicle types can be seen

in Table 4.2.
Table4.2
Mabile 6 classification of NPTS Vehicle Type
NPTS Vehicle Type MOBILES6 Classification
Automobile Light Duty Gasoline Vehicle (LDGV)
Van Light Duty Gasoline Truck 2 (LDGT?2)
Sport Utility Vehicle | Light Duty Gasoline Truck 2 (LDGT?2)
Pickup Truck Light Duty Gasoline Truck 1 (LDGT1)
Other Truck Light Duty Gasoline Truck 2 (LDGT?2)

4.10 Vehicle Age Classification

In MOBILES, vehicle age is accounted in a 25-year range. Vehicles with vehicle age
from 1 year to 24 years are classified as vehicle age groups 1 to 24 and al other vehicles
with vehicle age greater than 24 years are grouped as vehicles with age greater than 25
years. The range may be expressed as 0 to 24 years (age = base year minus model year);

aternatively its values may be considered to range from 1 to 25 years (age = base year
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minus model year +1). The 1995 NPTS and 2000 NHTS data have a variable in the
vehicle file that specifies the model year of the vehicle and the vehicle age is calculated

with respect to the base year 1996 and 2003, respectively.
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5. MOBILE®G6 Default Vs. NPTS Derived Variables

MOBILES includes default values for awide 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 two issues that are of specific interest

to air quality modelers:

= How do travel survey based vehicle activity inputs themselves differ from the

MOBILEG6 defaults.

= How do emission rates based on these inputs compare to emission rates derived

from MOBILEG default values.

A comprehensive evaluation of the inputs with respect to defaults as well as a sensitivity

analysis of the MOBILE 6 model to the NPTS derived inputs was undertaken.

5.1 MOBILEG6 Input Files

The MOBILES6 input parameters derived from NPTS data are listed below

= Engine starts per day by vehicle class and distribution by hour

&

&

&
&

These parameters are organized as separate ASCI| files for input to MOBILES.

Average trip length distribution

Hot soak duration

Cold soak distribution

Distribution of vehicle miles traveled by vehicle class
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5.1.1 Distribution of Vehicle Miles Traveled (VMT) by Vehicle Class

The VMT fraction input permits the user to assign VMT to specific vehicle types. VMT
mix supplied must consist of a set of sixteen fractional values, representing the fraction of
total highway VMT accumulated by each of the 16 combined vehicle types (Table 3.1).
Fraction of Vehicle Miles Traveled is obtained for only 3 vehicle classes from analyzing
the NPTS data i.e. Light Duty Gasoline Vehicle (LDGT1), Light Duty Gasoline Truck 1
(LDGT1) and Light Duty Gasoline Truck 2 (LDGT?2) since NPTS data deals only with
personal travel. All values must be between 0 and 1, and the 16 values must add up to
1.0.

The VMT mix fractions obtained from NPTS data are adjusted in the ratio of the
default VMT mix fractions for the 3 vehicle classes so that the sum of the VMT mix
fractions add up to the sum of the default VMT mix fractions for the 3 vehicle classes.
For example the national default VMT mix fractions for LDGV, LDGT1 and LDGT2
vehicle are 0.354, 0.089 and 0.297 respectively which add up to 0.74. But the national
fractions of VMT mix derived from NPTS data are 0.666, 0.156 and 0.178 which add up
to 1.0. Hence these fractions are adjusted in the ratio of the default fractions so that they
add up to 0.74. The VMT fractions after adjustment are thus 0.493, 0.115 and 0.132
respectively. Figure 5.1 shows a comparison of the VMT mix for each of the above 3
vehicle classes. It can be seen that the VMT mix for various geographic regions
(Nationwide, Washington DC and Virginia) is more than the MOBILE6 default VMT

mix for LDGV. For LDGT2, these values are lesser that the MOBILEG6 defaults.
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Figure5.1
VMT Mix (Based on 1995 NPTS)

5.1.2 Distribution of VMT by Hour of Day

VMT by hour input file allows the user to assign the fraction of total VMT occurring at
each hour of the day. The VMT distribution for each hour should add up to 1.0.
Distribution of Vehicle Miles of Travel by roadway type and speed can also be given as
inputs to MOBILEG6 but NPTS data does not provide information on roadway type and
speed classifications of the trips and hence these inputs cannot be derived. A comparison
of the default values provided by MOBILE6 and the locality specific values obtained
from NPTS data for Washington Metropolitan Statistical Area (MSA) are shown in Table

5.1. It can be observed that the VMT fractions derived from NPTS are low than the
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default fractions during the morning hours and high during the afternoon and evening
hours. Figure 5.2 shows a comparison of the VMT by hour fractions for Nationwide,
Washington MSA, Commonwealth of Virginiafrom 1995 NPTS and MOBILEG6 defaults.

It can be observed that the evening peak hour VMT is more from NPTS data.

Table5.1
Default Vs. 1995 NPT S data valuesfor the
VMT by Hour of Day Variable

Hourof Day | Default  |Washington DC| Difference
1 0.86% 0.37% 0.49%
2 0.81% 0.14% 0.67%
3 0.80% 0.21% 0.59%
4 0.98% 0.19% 0.79%
5 1.86% 1.36% 0.50%
6 5.69% 4.54% 1.15%
7 7.40% 6.29% 1.11%
8 6.55% 6.19% 0.36%
9 5.55% 5.61% -0.06%
10 5.40% 5.66% -0.26%
11 5.82% 6.65% -0.83%
12 6.08% 6.07% 0.01%
13 5.71% 6.83% -1.12%
14 5.98% 6.40% -0.42%
15 6.36% 8.08% -1.72%
16 7.77% 8.41% -0.64%
17 7.30% 8.08% -0.78%
18 5.01% 6.10% -1.09%
19 3.89% 4.15% -0.26%

20 3.08% 3.13% -0.05%
21 2.64% 2.06% 0.58%
22 1.94% 2.12% -0.18%
23 1.44% 1.22% 0.22%
24 1.08% 0.15% 0.93%
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VMT Distribution by Hour of Day

5.1.3 Engine Start Soak Time Distribution by Hour of Day

The MOBILE6 model contains a soak length distribution for each of the 24 hourly groups
separately for weekdays and weekends. Each of these distributions contains 70 values
representing arange of soak duratiors varying from O to over 720 minutes. From the soak
time data, the model computes 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 all vehicle classes and all vehicle ages. Values for each of the 70 soak



durations for each of the 24 hours of the day for week and weekend days (3,360 values)

are derived from NPTS data and given as a cold soak time input to MOBILES.

5.1.4 Hot Soak Length Distribution by Hourly Group

By convention hot soak duration is defined to range from a minimum of 1 second to a
maximum of 1 hour. The one-hour limit was chosen for consistency with the Federal Test
Procedure definition of a hot soak. But MOBILE6 adopted a hot soak resolution of 1
minute and the hot soak period range from 1 to 60 for 14 hourly intervals.

The 24-hour day was divided into 14 different hourly groups. 13 of the 14 hourly groups
have duration of one hour. These start at 6:00AM and run through 7:59:59 PM. The
fourteenth hour contains the remaining nighttime hours as one interval. Consolidating
these hours into one group was done because there was less data available for these time
periods and the emissions contributed during the night periods have a relatively smaller
impact on daily ozone or CO formation than those contributed during the morning
periods or day. The hot soak length distribution for weekday and weekerd are given as

two separate input filesto MOBILES.

5.1.5 Average Trip-Length Distribution

The weekday and weekend trip length distribution are the percent vehicle miles traveled
in each of the 6 trip length groups. MOBILEG6 contains default values for weekday and
weekend trip length distributions. The model uses the same values for the weekday and

weekend distributions. Tables 5.2 and 5.3 show the weekday and weekend trip length
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distribution input from 1995 NPTS data for all of the United States. The first row in each
table shows the MOBILEG6 default values. The default values are the same for weekday
and weekend trip length distributions and for each of the 14 hourly groups. It is observed
that the percent VMT in an 11 to 20 minute trip length is much higher than the default
values for both the weekday and weekend trips. Figures 5.3 and 5.4 show the percent
VMT in each hourly group for a 11 to 20 minute trip length for weekday and weekend
respectively. The deviation of the NPTS derived values from the defaults can be clearly

observed.

Table5.2

Nationwide Weekday Trip Length Distribution from 1995 NPTS

Trip Length (minutes)

Default 6.74% 18.51% [ 16.78% [ 13.11% 8.33% 36.53%
6-7AM 6.71% 17.06% | 18.60% | 12.53% [ 12.25% | 32.85%
7-8AM 11.02% | 23.29% [ 20.90% | 10.82% 9.84% 24.13%
8-9AM 15.71% | 24.54% [ 17.40% 8.70% 7.32% 26.33%
9-10AM [ 18.08% | 24.92% | 15.35% 6.54% 6.80% 28.31%
10-11AM | 19.48% | 24.12% | 14.29% 6.36% 5.10% 30.65%
11-12N | 22.54% | 26.35% | 16.77% 6.34% 5.69% 22.31%
12-1PM | 24.12% [ 25.64% | 13.50% 5.99% 5.72% 25.03%
1-2PM 20.56% [ 25.56% | 16.22% 7.18% 6.42% 24.06%
2-3PM 17.73% | 25.61% [ 17.82% 7.49% 7.35% 24.00%
3-4PM 15.90% | 25.40% | 17.54% 8.50% 8.52% 24.14%
4-5PM 13.46% | 22.17% [ 18.46% 9.62% 8.65% 27.64%
5-6PM 13.67% | 23.71% [ 19.00% 9.63% 10.09% | 23.90%
6-7PM 17.44% | 27.13% | 18.47% 8.60% 8.60% 19.76%
7-8PM+ | 15.35% | 25.12% | 18.01% 8.47% 8.66% 24.39%

Default values are the same for all the 14 hourly groups for each of the trip lengths

Hourly Group
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Table5.3
Nationwide Weekend Trip Length Distribution from 1995 NPT S

Trip Length (minutes)
less than “ 11 to 20 { 21to 30 { 31to 40 { 41to 50 51 or

10 min min min more min

Default | 6.74% 18.51% [ 16.78% | 13.11% [ 8.33% 36.53%
6-7AM 7.16% 17.74% | 15.17% | 8.46% 4.47% 47.00%

7-8AM 10.81% 17.97% | 12.26% 7.42% 5.25% 46.29%
8-9AM 14.29% 18.57% | 11.18% 4.25% 4.72% 46.99%
9-10AM | 21.36% | 24.74% | 13.91% 5.32% 5.98% 28.69%
10-11AM | 18.73% | 21.33% | 10.70% 4.56% 5.95% 38.73%
11-12N | 20.24% | 22.50% | 13.48% 4.85% 6.32% 32.61%
12-1PM | 20.12% | 26.82% | 14.73% 6.21% 5.85% 26.27%
1-2PM 17.16% | 26.10% | 13.44% 7.58% 7.60% 28.12%
2-3PM 15.62% | 24.01% | 16.36% 8.10% 5.18% 30.73%
3-4PM 15.12% | 25.12% | 16.23% 5.65% 6.44% 31.44%
4-5PM 13.86% 20.74% | 14.80% 6.93% 7.37% 36.30%
5-6PM 14.28% | 20.94% | 16.38% 8.29% 10.53% | 29.58%
6-7PM 16.24% | 22.91% | 15.67% 6.54% 6.71% 31.93%
7-8PM+ | 14.37% | 23.10% | 16.46% 7.44% 7.61% 31.02%
Default values are the same for all the 14 hourly groups for each of the trip lengths

Hourly Group
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Figure5.3
Percent VMT for each Hourly Group with a Trip Length of 11 to 20 Minutes
for a Weekday Trip
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Percent VMT for each Hourly Group with a Trip Length of 11 to 20 Minutes
for a Weekend Trip

5.1.6 Startsper Day
In MOBILE6 each of the 28 individual vehicle classes at each of 25 age groups is
assigned a separate default for number of engine starts per day. The number of starts per
day affects engine exhaust start emission estimates for light duty gasoline and diesel
passenger cars and trucks and motorcycles. It will also affect the evaporative hot soak
losses on al gasoline fueled vehicles, including heavy-duty vehicles and buses, which
occur at trip ends. Starts per day are derived from NPTS data as a fraction of the total
vehicle trips by each of the three vehicle classes for individua vehicle age groups to the

total number of vehicles of each vehicle class and vehicle age. Table 5.4 shows the total

vehicle trips for a weekday for whole of United States. Table 5.5 shows the total number
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of vehicles used in making these trips. Table 5.6 shows the total number of starts per day
per vehicle which is obtained by dividing the total vehicle trips present in Table 5.4 with

the corresponding total number of vehicles used that are shown in Table 5.5.

Table5.4 Table5.5
Weekday Total Vehicle Starts Total Vehiclesused in making the
Tripsshown in Table5.4
1 Total Vehicle Starts 1 Total Vehicles
Vehicle Age  LDGV LDGT1 LDGT2 Vehicle Age LDGV LDGT1 LDGT2

1 14 17 12 1 4 4 2
2 1130 294 634 2 266 73 126
3 7148 1368 2936 3 1636 331 653
4 8308 1813 2956 4 1885 462 639
5 8535 1410 2761 5 1916 359 563
6 7843 1340 2144 6 1757 320 466
7 7553 1256 1798 7 1726 310 398
8 7632 1201 1803 8 1760 319 379
9 8870 1591 1738 9 2092 423 391
10 7772 1603 1548 10 1851 401 378
11 7755 1389 1421 11 1851 366 331
12 6870 1338 1006 12 1630 343 239
13 4894 1024 804 13 1188 276 194
14 3696 740 603 14 912 205 152
15 2162 434 293 15 523 117 74
16 1290 337 131 16 329 95 33
17 1044 284 95 17 271 76 21
18 892 208 68 18 221 54 14
19 953 352 193 19 250 108 48
20 754 277 142 20 201 75 35
21 529 229 45 21 135 62 12
22 293 135 56 22 80 39 16
23 200 67 28 23 43 19 10
24 80 80 36 24 24 18 10

>=25yrs 767 414 109 >=25yrs 208 115 31
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Table5.6
Weekday Vehicle Trip Starts Per Day

1 Vehicle Starts Per Day
| Vehicle Age | LDGV | LDGT1 “ LDGT2

1 3.50 4.25 6.00
2 4.25 4.03 5.03
3 4.37 4.13 4.50
4 4.41 3.92 4.63
5 4.45 3.93 4.90
6 4.46 4.19 4.60
7 4.38 4.05 4.52
8 4.34 3.76 4.76
9 4.24 3.76 4.45
10 4.20 4.00 4.10
11 4.19 3.80 4.29
12 4.21 3.90 4.21
13 4.12 3.71 4.14
14 4.05 3.61 3.97
15 413 3.71 3.96
16 3.92 3.55 3.97
17 3.85 3.74 4.52
18 4.04 3.85 4.86
19 3.81 3.26 4.02
20 3.75 3.69 4.06
21 3.92 3.69 3.75
22 3.66 3.46 3.50
23 4.65 3.53 2.80
24 3.33 4.44 3.60
>=25yrs 3.69 3.60 3.52

There is a great variation between default values and the NPTS derived values for the
starts per day variable. The starts per day are underestimated by nearly 50%. MOBILE6
uses 7.28 starts per day for weekdays for LDGV and 8.06 starts per day for weekdays
both for LDGT1 and LDGT2. The same default value is used for vehicles of all ages
within a vehicle class. Hence this input could account for a lot of deviation of the

emission factors from the default values.
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6. Data Gaps

The analysis of the NPTS data revealed severa limitations of NPTS data for deriving
some of the MOBILESG travel input variables such as the cold soak period and the starts
per day variables. These limitations arise from inadequate or missing data. These data

gaps and the recommendations to overcome these data gaps are discussed in this chapter.

6.1 Cold Soak Period

Cold soak period input to MOBILESG requires the fraction of vehicles having a cold soak
of interval ranging in between 1 and 70 for all the 24 hour periods of the day for weekday
and weekend travel. Hence providing data for cold soak period input requires that soak
times be derived in as many as 3,360 cells.

Many data gaps were found while deriving the cold soak inputs for the
Washington Metropolitan Statistical Area (MSA) and the commonwealth of Virginia
There are fewer than 3,360 vehicle trips in the screened NPTS data sample for the
Washington area and the state of Virginia. Figures 6.1, 6.2 and 6.3 show the total number
of vehicle starts for each MOBILEG cold soak interval and for each hour of the day for
whole of United States, Washington DC MSA and the Commonwealth of Virginia. The
numbers in each of the blocks represent the total number of starts for a particular hour of
day. The shaded blocks in the figure show that there is no data available for a particular

hour of day and soak interval combination. By observing the shaded regions in Figure 6.2
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it is understood that there is inadequate data from NPTS for deriving the cold soak
distribution.

The hour of the day variable influences soak times significantly. If certain time
periods were grouped, it would help reduce the efforts needed to provide soak
distribution inputs. Grouping the time periods would aso enhance the utility of the travel
survey data for deriving the soak times be requiring fewer cells for which soak period
distribution shave to be developed. Venigala et a. have consolidated the soak period
data into fourteen time periods, which include the following groups of hours of day. [4]

Night Period: 11 PM through 4 AM

Early Morning Period: 5AM and 6AM

Afternoon Period: 1 PM through 3 PM

Evening Period: 7 PM though 10 PM

Ten separate soak times for each hour during: 7 AM through 12 Noon; and 4 PM
through 7 PM

This grouping of the time periods was done based on a Tukey’s pair-wise comparison test

R R &R & &

at a 5% significance level that was conducted to identify pairs of hours of day for which
there is no statistically significant difference in soak times. It can be seen that the 14 time
period classification reduces the total number of cells for which soak periods are to be
derived from 3,360 to 1960 for both weekday and weekend. This grouping enhances the
utility of the soak distribution derived from travel data sample by enhancing the travel
data sample size in many cells. The consolidated time periods and the enhanced cell sizes
for the nationwide sample, Washington Metropolitan Statistical Area (MSA) and the

Commonwealth of Virginia can be seen in Figures 6.4, 6.5 and 6.6 respectively.
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MOBILE®6 Soak Interval Matrix for whole of United States from 1995 NPTS
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Condensed Soak Interval Matrix for Whole of United States from 1995 NPTS
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6.2 Starts Per day

The modeling setup for MOBILES is structured to seek starts per day input by vehicle
class and vehicle age. MOBILESG classifies vehicle age into 25 vehicle age groups with
24 separate age groups for vehicles with vehicle ages from 1 to 24 and one vehicle age
group for vehicles with vehicle age 25years or more. This input requires the starts per day
distribution for 18 vehicle classes (as given under EPA guidance). The 18 vehicle classes
are shown in the appendix. Since NPTS data contains travel data only for personal travel,
starts per day can be derived only for 3 vehicle classes, Light Duty Gasoline Vehicles
(LDGV), Light Duty Gasoline Truck 1 (LDGT1) and Light Duty Gasoline Truck 2
(LDGT2). Hence this data input requires travel datato be filled in 75 cells (for weekday
or weekend).

Figure 6.7 shows the starts by vehicle age matrix for whole of United States for
weekday and weekend. It is observed that there are no weekend vehicle garts for vehicle
age 1 and hence gives zero starts per day per vehicle, which seems to be questionable.
Figure 6.8 shows the starts by vehicle age matrix for Washington DC MSA and the
shaded blocks show that there are no vehicle trips in that vehicle class for a particular
vehicle age group. Hence the use of the starts per day variable derived from NPTS data

seems questionable.



Nationwide
Weekday Starts
Vehicle age] LDGV | LDGT1 | LDGT2
1 14 17 12
2 1130 294 634
3 7148 1368 2936
4 8308 1813 2956
5 8535 1410 2761
6 7843 1340 2144
7 7553 1256 1798
8 7632 1201 1803
9 8870 1591 1738
10 7772 1603 1548
11 7755 1389 1421
12 6870 1338 1006
13 4894 1024 804
14 3696 740 603
15 2162 434 293
16 1290 337 131
17 1044 284 95
18 892 208 68
19 953 352 193
20 754 277 142
21 529 229 45
22 293 135 56
23 200 67 28
24 80 80 36
>=25yrs 767 414 109

Nationwide
Weekend Starts
Vehicle age| LDGV | LDGT1 | LDGT2

1
2 411 64 160
3 1985 433 976
4 2561 516 1009
5 2487 380 780
6 2395 358 661
7 2325 404 524
8 1926 312 466
9 2537 421 411
10 2376 336 410
11 1760 365 390
12 1598 343 332
13 1306 181 243
14 1047 169 140
15 585 83 72
16 486 77 25
17 346 93 25
18 254 36 15
19 280 114 48
20 208 63 8
21 111 44 20
22 106 30 10
23 46 20 14
24 33 19 15

>=25yrs 245 114 55

Figure6.7
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MOBILES6 Startsby Vehicle Age Matrix for Nationwide Weekday Starts from 1995

NPTS
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Washington Washington
Weekend Starts

Weekday Starts

Vehicle age| LDGV | LDGT1
1

LDGT2

[\S]

23 16

3 106 38
4 98 15 29
5 72 14 15
6 69 16 27
7 80 6 14
8 141 18 11
9 87 21 6

MOBILEG6 Startsby Vehicle AgeM al?r?;:‘gﬁl?/&ington DC M SA Weekday Starts
from 1995 NPTS

6.3 Recommended Applications

Should the NPTS data sample for the MSA region of interest be inadequate, as a next

level of aggregation, soak times for the corresponding census division should be derived

or may be soak interval based on the MSA size may also be derived p]. The next

geographic grouping in the hierarchy, census region, should only be considered when

both MSA and census division data are found to be inadequate.
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Since it was found that Washington DC MSA had inadequate data, the cold soak data
from the census division (South Atlantic) to which it belongs or the MSA size (3,000,000
or more) to which it belongs may be used. Smilarly if the NPTS data is found to be
inadequate for any state, soak times for the census division to which it belongs should be

used. National defaults may only be used as alast resort.
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7. Sengitivity Analysisof MOBILEG

MOBILE model is used to predict CO, VOC and NOx emissions from motor vehicles.
MOBILES6 reports emission rates in grams or milligrams of pollutant per vehicle mile
traveled (g/mi or mg/mi). Emission rates from MOBILE can be combined with estimates
of travel activity (total vehicle miles traveled, or VMT), which also change over time, to
develop highway vehicle emission inventories expressed in terms of tons per hour, day,
month, season, or year. MOBILEG6 allows users to calculate and report sub-components
of total emissions for some pollutants.

A sengitivity analysis of MOBILESG is carried out with respect to the travel
variables derived from the 1995 NPTS data and the emission factors thus obtained are

compared with the MOBILEG default values.

7.1 MOBILE6 Emissions Classification
MOBILE6 allows users to calculate and report sub-components of total emissions for
some pol lutants.

& Composite Emissions
& Exhaust Emissions
? Start emissions (emissions occurring from the tail pipe when the engine is
turned on)

2 Running emissions (emissions occurring while a vehicle is driven from the

tail pipe)
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= Non-exhaust (often described as “evaporative’) HC emissions from gasoline-
fueled vehicles include:

2 Diurnal emissions (emissions generated by the rise in temperature during
the course of a day when the vehicle is not being driven);

? Hot soak emissions (emissions occurring after the end of a vehicle trip,
due to the heating of the fuel, fuel lines, and fuel vapors);

2 Running losses (emissions occurring while a vehicle is driven, due to the
heating of the fuel and fuel lines);

? Resting losses (smal but continuous seepage and minor leakage of
gasoline vapor through faulty connections, permeable hoses, and other
components of the fuel system);

? Refueling emissions (vapors that escape into the atmosphere when
incoming liquid fuel displaces vapors in the vehicle fuel tank).

Similarly, MOBILE6 can report emissions by roadway type, time of day, vehicle

category, and other characteristics that allow for very detailed modeling of specific local
situations. MOBILES6 calculates running exhaust emissions separately from vehicle start
emissions.

Based on the MOBILEG6 guidance, the default variables were replaced by various
travel inputs derived from NPTS data. Various combinations of these variables were
given to MOBILE6 and the sensitivity of MOBILE6G to these travel variables was
observed. During the sensitivity analysis, input parameters other than those being tested,
were based on EPA national default. The calendar year used for modeling was 2003 and
the evaluation month was July.

Table 7.1 shows a comparison among the default emission factors, emission

factors obtained by changing VMT, starts distribution, cold soak and hot soak distribution



(set 1) and the emission factors obtained by changing all the travel variables (set 2)
derived from NPTS data. It can be seen that the start emissions are affected mostly. The
CO start emissions are increased by nearly 25% for LDGT2 (set 1). The NOx start
emissions are affected mostly (42% decrease for LDGV) by changing al the derived
vehicle activity inputs. This decrease in the emissions is mainly due to the starts per day
input variable (lower than MOBILE6 default input by 50%).

The change can be observed in the thousandth place of the emission factors but
may create a large difference in terms of the total emissions when multiplied by the total
miles of travel. Table 7.2 shows the emission factors obtained by changing only the starts
per day variable and it is observed that the start emissions are effected mostly and the
running emissions are not effected which is obvious since the starts per day input is
varied. The percent changes are indicated in the table and the negative sign indicates a

decrease in the emission factors.
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Table7.1
A summary of the emission factors (g/mi) obtained by replacing the MOBILEG6
defaults with NPTS derived inputs

Pollutant LDGT1 LDGT2
Type MOBILE6 Set2 MOBILE6 Set1 Set2 MOBILE6 Set1

Default Default Default

Composite VOC| 0.928 1.005 0.82 0.937 1.029 0.782 | 1.192 1.304 1.036
Composite CO | 10.47 11.52 9.91 12.03 13.48 10.57 | 15.98 17.83 14.62
Composite NOX| 0.734 0.775 0.694 | 0.682 0.721 0.618 | 1.054 1.108 0.988

VOC Start 0.204 0274 | 0.152 | 0.266 0.351 0.164 | 0.319 0.423 0.215
VVOC Running 0.204 0.206 0.206 | 0.242 0.244 | 0.244 | 0.362 0.365 0.365
VOC Total 0.408 0.48 0.358 | 0.508 0.596 0.408 | 0.681 0.788 0.58
CO Start 2.75 3.69 2.08 4.14 5.52 2.62 5.21 6.97 3.76
CO running 7.71 7.83 7.83 7.89 7.95 7.95 10.77 10.87 10.87
CO total 10.47 11.52 9.91 12.03 13.48 10.57 | 15.98 17.83 14.62
NOX Start 0.148 0.186 0.104 | 0.156 0.194 | 0.091 | 0.207 0.259 0.138
NOX Running 0.586 0.589 0.589 | 0.526 0.527 0.527 | 0.847 0.85 0.85
NOX Total 0.734 0.775 0.694 | 0.682 0.721 0.618 | 1.054 1.108 0.988

HOT Soak Loss| 0.144 0.144 0.08 0.11 0.11 0.051 | 0.123 0.123 0.063

Running Loss 0.214 0.22 0.22 0.161 0.165 0.165 0.196 0.201 0.201
Set 1 : Emission factors obtained by replacing VMT ,starts distribution, cold and soak and hot soak distributions

Set 2 : Emission factors obtained by replacing all the derived travel activity inputs

Figure 7.1 shows the emission factor variations for LDGV for default, Nationwide,
Washington DC and Virginia obtained by varying the cold soak distribution. The
composite and the start emissions varied but the start emissions are not affected which is
obvious since cold soak input affects only the start emissions. Figure 7.2 shows the
change in emission factors by varying the cold soak, hot soak, VMT and dstarts
distribution inputs. The start emissions and composite emissions are affected mostly and

here is a very minor change in the running emissions. Figures 7.3, 7.4 and 7.5
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respectively show the change in emission factors by varying all of the derived variables
from NPTS. While deriving these emission factors, the starts per day input derived from
NPTS data was used only for the nationwide emission factors and for Washington DC

and Virginia the default values were used.

Table7.2
Comparison of Emission Factorsfor LDGV by
replacing the Starts Per Day Variable

Composite VOC 0.928 0.774 -20%
Composite CO 10.47 9.26 -13%
Composite NOX 0.734 0.669 -10%

OC Start 0.204 0.113 -81%
IVOC Running 0.204 0.204 -0%
\VOC Total 0.408 0.317 -29%
CO Start 2.75 1.55 -77%
CO running 7.71 7.71 -0%
CO total 10.47 9.26 -13%
NOX Start 0.148 0.083 -78%
NOX Running 0.586 0.586 -0%
NOX Total 0.734 0.669 -10%
HOT Soak Loss 0.144 0.080 -80%
Running Loss 0.214 0.214 -0%
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Variation of NOx Emission Factors by changing all the Derived Travel Variables

7.2 Statistical analysisfor the emission factors

Venigalla et a. [5] have conducted statistical analyses to assess the usefulness of soak
period distributions derived from the 1995 NPTS data. The analyses were performed in
the form of analysis of variance (ANOVA) for which the responsible variable is the trip
soak time and the independent variables tested were time of day, trip purpose and
geographic variables such a census region, census division, MSA size and individual
MSA. It was observed that al geographic levels had a statistically significant effect on
soak times. In relative terms it was found that the classification “Individual MSAS’ had
more influence than other three geographic categories.

Similar statistical analyses were conducted in this research to determine the following:
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1. Whether emission factors obtained with the NPTS input parameters significantly
differ from those obtained from MOBILEG defaults.

2. Whether the above differences vary significantly among various geographies.
In the first case, the analysis was performed in the form of a pair-wise comparison
between the emission factors obtained by replacing the MOBILEG6 default inputs with the
NPTS derived inputs and the MOBILE6 default emission factors. The analysis was
performed for the VOC, CO and NOX composite, start and running emissions. The
variable for analysis is the percent difference between the MOBILEG6 default emission
and the emission factors obtained by replacing the default inputs with the NPTS data
derived inputs.

The null hypothesis (research hypothesis) is. the percent difference between the
default values and the NPTS derived emission factors is not equal to zero. The aternative
hypothesis is. the percent difference between the default values and the NPTS derived
emission factorsis equal to zero. The results of this analysis are summarized in Table 7.6.
The p-vaue indicates the probability of a Type 1 error in which the null hypothesis is
rejected when it is true. Hence the low pvaue indicates that the null hypothesis holds
good and there is statistically significant difference between the default MOBILEG

emission factors and the NPTS derived emission factors.



71

Table7.3

Summary of the student’st test for analysis of the emission factors
Emissions t-statistic p-value
Composite VOC 133.55 <.0001
Composite CO 157.53 <.0001
Composite NOx 185.7 <.0001
VOC Start 139.83 <.0001
CO Start 122.13 <.0001
NOx Start 155.66 <.0001
VOC Running 24.78 <.0001
CO Running 24.89 <.0001
NOx Running 20.39 <.0001

In the second case, the null hypothesis (research hypothesis) is: the emission factors vary
significantly among the various geographic regions. The aternative hypothesis is: the
variation is not significant. The analysis was performed in the form of analysis of
variance (ANOVA). The response variable for the analysis is the emission factor for
Light Duty Gasoline Vehicles (LDGV) class and the independent variables tested are the
geographic variables such as the census region, census division and MSA size. There will
be only one value for the response variable in each cell, which is the transformed value of
the percent difference between the MOBILE6 default emission, and the emission factors
obtained by replacing the default inputs with the NPTS data derived inputs. This
dependent variable is transformed to stabilize the variance. An appropriate transformation
for this case is the arc sine transformation, which is performed as follows
Y' = 2arcsinvY

Where, Y is the dependent variable
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The results of this analysis are summarized in Table 7.4. The p-vaue indicates the
probability of the Typel error in which the null hypothesis is regjected when it is true. The
high p vaues indicate that the null hypothesis does and hold good and there is
statistically no significance that the emission factors varied among the various geographic

classifications.

Table7.4

Summary analysis of variance for the emission factors
Emissions F-statistic p-value
Composite VOC 0.81 0.4635
Composite CO 0.55 0.5886
Composite NOx 0.57 0.5771
VOC Start 0.1 0.9070
CO Start 0.18 0.8388
NOx Start 0.22 0.8022

The following observations are recorded based on the statistical analyses and the values
shownin tables 7.3 and 7.4.

& The emission factors varied significantly from the MOBILE6 default emission
factors. Of the composite, start and running emissions, the start and composite
emissions varied significantly.

& |n relative terms, among various geographica regions (census division, census
region and MSA size), the variation of the emission factors is not statistically

significant.
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However, the analysis performed is very limited in scope where true variation, if exists,
could not have been captured. This can be remedied by conducting a two-factor factorial
experiment wherein inputs are simultaneously varied for geographies by hour of day, and
trip purpose. Such an experiment is time consuming and requires several repeated

execution of MOBILEG and it was beyond the scope of this study.
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8. Conclusion and Recommendations

NPTS data has been studied and analyzed thoroughly to derive the travel variables that
are required as inputs to MOBILESG. A thorough examination of the relationship between
MOBILEG6 input parameters and the relative importance of these parameters in deriving
the emission factors have been studied. Each parameter evaluated was varied and the
resulting MOBILE6 emissions were compared to emissions determined with default

inputs. The following conclusions were drawn based on the observations.

8.1 Conclusions
& Severa of the travel related variables could be derived using NPTS data.
& Travel variable inputs vary significantly from MOBILE6 defaults, which are most
popularly used for getting the locality specific emission factors.
= MOBILE6 has been found to be sensitive to these inputs, which makes it a
worthwhile effort to derive the input variables from NPTS or other survey data.
& Care must be taken to use the inputs derived from NPTS data, as there are data

gaps that can be adjusted for by following the suggested recommendations.

8.2 Recommendations

& Local survey data is preferred to NPTS data to derive the locality specific
variables.

#  Anaysis must be based on latest NPTS data (if NPTS must be used)
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# Certain degree of data analysis background is needed to mine survey databases for
use in deriving MOBILEG inputs and hence NPTS data has been found to be ideal
for deriving an automated data- mining tool to shield regular MOBILE6 users
from the conplexities of the analysis of the travel variables. Also, the tool will

ensure certain degree of uniformity in practice across the nation.

8.3 Development of TRIMM
The discussion provided in the earlier chapter of this report focused on certain issues with

data screening and analysis of travel survey databases. Using the NPTS data for deriving
MOBILESG input files requires certain degree of data analysis skills. Furthermore,
uniform data screening techniques have to be adhered to, the failure of which may result
in lack of consistency. The data screening and analysis steps described in this research
require fairly sophisticated database and information processing skills. Time and
personnel resources are other impediments to ubiquitous deployment of the techniques
described in this report. A simple solution to these issues is to develop an automated tool
that would evaluate locality specific MOBILEG inputs and extract the pertinent
information in the form of MOBILESG input files.

A database application tool called TRIMM (for Travel Related Inputs Model for
MOBILE6) was developed to shield the MOBILE6 modelers from the complexities of
the analysis of the travel variables. TRIMM ha been designed to perform several data
mining tasks on the NPTS and NHTS data. The purpose of this tool is to derive certain
vehicle activity MOBILEG input files from travel survey data. TRIMM provides the

MPBILESG input files for various geographic regions. These input files can be directly
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used to run MOBILE6 and get the emission factors. Thus, TRIMM makes the vehicle

activity derivation a ssmple process for an average MOBILEG user.

8.3.1 TRIMM Features
Travel Related Inputs Model for MOBILEG (TRIMM) , an automated tool for deriving
vehicle activity data input files for MOBILE6 has the following characteristics:

& Can automatically mine three NPTS databases (1990, 1995 , 2000) based and can
write files from the database selected.

& Provides the option of choosing as many vehicle activity input files required by
the user.

& Also provides the option of choosing the input files for various geographic levels
of aggregation (Nationwide, Census Region, Census Division, and Statewide). If
these is insufficient data for any of the selected geographic level, TRIMM also
provides the option of choosing the next higher geographic aggregation level to
the user.

& Provides the files in the form of MOBILEG6 input format and these files can be
replaced with the default input files.

& Users can compare the variables within the various geographic variables and also
with other geographies.

& Users are also provided with an option to compare NPTS based inputs to M6

defaults in the form of tables and charts.
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Appendix A

A.1A list of MOBILESG Input Parameters

Calendar year

Month (January, July)

Hourly Temperature

Altitude (high, low)

Weekend/weekday

Fuel characteristics (Reid vapor pressure, sulfur content, oxygerate content, etc.)
Humidity and solar load

Registration (age) distribution by vehicle class

Annual mileage accumulation by vehicle class

Diesel sales fractions by vehicle class and model year
Average speed distribution by hour and roadway
Distribution of vehicle miles traveled by roadway type
Engine starts per day by vehicle class and distribution by hour
Engine start soak time distribution by hour

Trip end distribution by hour

Average trip length distribution

Hot soak duration

Distribution of vehicle miles traveled by vehicle class

Full, partial, and multiple diurnal distribution by hour

I nspection and maintenance (I/M) program description
Anti-tampering inspection program description

Stage |1 refueling emissions inspection program description
Natural gas vehicle fractions

HC species output

Particle size cutoff

Emission factors for PM and HAPs

Output format specifications and selections

BARBARBARRARARRRRARARABRARRRR BRR K

Source; http: //www.epa.gov/otag/model S'mobil e6/r 02001 pdf
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A.2 MOBILESG6 Pollutant Categories
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MOBILEG Pollutant Categories
Number Abbreviation |Description
1 HC Hydrocarbons (gaseous)
2 cO Carbon Monoxide (gaseous)
3 NOx Oxides of Nitrogen (gaseous)
4 C0, Carbon Dioxide (gaseous)
Sthru 6 |(reserved)
7 S0, Sulfate Portion of Exhaust Particulate
8 OCARBON Organic Carbon Portion of Diesel Exhaust Particulate
9 ECARBON Elemental Carbon Portion of Diesel Exhaust Particulate
10 GASPM Total Carbon Portion of Gasoline Exhaust Particulate
11 Lead Lead Portion of Exhaust Particulate
12 S0, Sulfur Dioxide (gaseous)
13 NH, Ammonia (gaseous)
14 Brake Brake Wear Particulate
15 Tire Tire Wear Particulate
16 BENZ Benzene
17 MTBE Methyl Tertiarv Butyl Ether
18 BUTA 1.3-Butadiene
19 FORM Formaldehyde
20 ACET Acetaldehyde
21 ACRO Acrolein
Source: http://www.epa.gov/otag/model smobile6/r 02001. pdf

A.3 Vehicle Classes affected by the starts per day command

Vehicle Classes Affected By the STARTS PER DAY Command
Numher |[Abbreviation [Description
1 LDGV Light-Dutv Gasoline Vehicles (Passenger Cars)
2 LDGT1 Light-Duty Gasoline Trucks 1 (0-6.000 lbs. GVWR, 0-3750 lbs. LNVW)
3 LDGT2 Light-Duty Gasoline Trucks 2 (0-6.000 Ibs. GVWE, 3751-5750 Ibs. LVW)
4 LDGT3 Light-Duty Gasoline Trucks 3 (6.001-8.500 Ibs. GVWR, 0-5750 lbs. ALVW)
5 LDGT4 Light-Duty Gasoline Trucks 4 (6,001-8,500 Ibs. GVWRER, 5751 1bs. and greater ALVW)
6 HDGV2B Class 2b Heavy-Duty Gasoline Vehicles (8501-10,000 1bs. GVWR)
7 HDGWV3 Class 3 Heavy-Duty Gasoline Vehicles (10,001-14.000 Ibs. GVWR)
8 HDGV4 Class 4 Heavy-Duty Gasoline Velucles (14.001-16.000 lbs. GVWR)
9 HDGV3 Class 5 Heavy-Duty Gasoline Vehicles (16,001-19 500 Ibs. GVWER)
10 HDGV6 Class 6 Heavy-Duty Gasoline Velicles (19.501-26,000 Ibs. GVWR)
11 HDGV7 Class 7 Heavy-Duty Gasoline Vehicles (26.001-33.000 Ibs. GVWR)
12 HDGVEA Class 8a Heavy-Duty Gasoline Vehicles (33,001-60,000 Ibs. GVWR)
13 HDGVEB Class 8b Heavy-Duty Gasoline Vehicles (=60,000 Ibs. GVWR)
14 LDDV Light-Duty Diesel Vehicles (Passenger Cars)
15 LDDT12 Light-Duty Diesel Trucks 1 and 2 (0-6,000 lbs. GVWR)
24 MC Motorcyeles (Gasoline)
25 HDGB Gasoline Buses (School. Transit and Urban)
28 LDDT34 Light-Duty Diesel Trucks 3 and 4 (6.001-8,500 lbs. GVWR)
Source: http://www.epa.gov/otag/model Symobil e6/r 02001.pdf
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