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Abstract
This research focuses on the development of multi-criteria tools for measuring
and analyzing the impacts of recurring and non-recurring congestion on
freight corridors in the Portland Metropolitan Area. Unlike previous studies,
this work employs several distinct data sources to analyze the impacts of
congestion on Interstate 5 (I-5) in the Portland Metropolitan Area: global
positioning system (GPS) data from commercial trucks and Oregon DOT
corridor travel-time loop data and incident data. A new methodology and
algorithms are developed to combine these data sources and to estimate the
impacts of recurrent and non-recurrent congestion on freight movements’
reliability and delays, costs, and emissions. The results suggest that traditional
traffic sensor data tend to underestimate the impacts of congestion on
commercial vehicles travel times and variability. This research also shows that
congestion is not only detrimental for carriers and shippers costs but also for
the planet due to major increases in GHG emissions and for the local
community due to large increases in NOx, PM, and other harmful pollutants.
The methodology developed throughout this work has the potential to
provide useful freight operation and performance data for transportation
decision makers to incorporate freight performance measures into the

planning process.
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1 Introduction
Due to its geographic location, Oregon’s economy is highly dependent on

reliable freight transportation. Recent studies indicate that projected growth in
freight and passenger traffic will significantly increase congestion and travel
time delays. Further, it is predicted that congestion may result in loss of value
added generation of as much as $1.7 billion per year by 2025 in Oregon, and a
“loss of 16,000 ongoing jobs” (I, 2). For the freight industry, delay and
congestion not only negatively impact the businesses that rely on efficient and
timely deliveries, but also increase emission levels and the cost of transporting
goods. In order to improve the functionality of transportation networks and
make efficient use of funds, it is crucial that public agencies develop the
proper tools to assess transportation system performance.

Performance measures allow planners and engineers to monitor and
evaluate the operation of a facility, transportation system, or particular project.
Performance measures include travel time, speed, travel time reliability and
others derived from these basic measures. Early on in the adoption process of
performance-based metrics, passenger vehicles were the main focus, while
freight traffic was not incorporated independently (3). Therefore, freight
specific performance measures (FPMs) are not in wide use by public agencies.
It is becoming increasingly important to continue to develop a system of
performance measures that will capture the impact of congestion on different
modes, the environment, and people living near a transportation network.

Recently, a body of research has emerged which employs new methods for
collecting and analyzing data from the trucking industry and commercial
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vehicles in order to develop freight performance measures. This research is
showing great promise for providing consideration of freight transportation

within transportation improvement projects.

1.1 Problem Statement

Distinct from other studies, this work employs GPS data from commercial
trucks, corridor travel time loop data (from Oregon DOT sensors), and
incident data to study travel time on I-5 in the Portland Metropolitan area.
Integrating the loop sensor data with the truck GPS data in the filtering
algorithm allows for validation between the two data sets, and improves the
filtering process to identify trucks that have experienced congested freeway
conditions—by classifying truck types, trucks that have diverted from the
freeway network to the local network between GPS readings are eliminated
from the analysis. Unlike the loop sensor data, which may underestimate the
impacts of congestion on trucks, the GPS data more accurately portray the
roadway conditions experienced by trucks.

A methodology has been developed to combine these data sources and
estimate the impacts of recurrent and non-recurrent congestion on freight
movement speed, travel time and travel time reliability. This study seeks to
distinguish trucks moving along a freeway network from those making local
movements (such as for rests or refueling) in order to study freight
performance with unbiased measures—these trucks traveling the corridor

without stopping are referred to as through trucks. This work is the first to



integrate the multiple data sets into filtering algorithms, and the first to
identify through trucks within the freeway network from GPS data in order to
remove bias from trucks traveling as lower speeds on the local network, or
higher speeds on nearby frontage roads.

The freight performance measures are then monetized and used to
estimate emissions through an urban corridor using standard methods—this
research is a pioneer in using FPMs from through trucks to investigate the
impact of congestion on freight cost and freight vehicle emissions through
urban areas. The methodology developed and applied in this research
provides multiple criteria for evaluating the performance of freight vehicles
and accounts for the impact of congestion on freight industry profit,
environmental quality and health of people near transportation facilities. The
analysis of the commercial truck GPS data is a significant step not only in
understanding the behavior of freight travel throughout the day, but also the
impact caused by recurring congestion and incidents along the corridor on
freight performance.

1.2 Research Objectives
The objective of this research is to study the impact of both recurring and non-

recurring congestion on the freight industry using multiple criteria to evaluate
freight performance. In order to evaluate performance this research: (1)
reviews current research and methodologies to study freight performance,
cost and emissions to identify research gaps and appropriate techniques; (2)

develops and applies a methodology to identify through trucks from GPS



readings, and uses through truck data to generate travel time distributions
over time; (3) compares findings to loop sensor data to observe trends and
develop mobility performance measures; (4) applies standard methods to
quantify performance measures in terms of freight industry costs; and (5)
employs the MOVES2010 emission model to estimate freight vehicle emissions
during congested periods.

1.3  Project Scope
This research will focus the recurring congestion study on truck data collected

over a one-year period in 2007; the analysis will cover the northbound I-5
corridor surrounding the Portland metropolitan area. The non-recurring
congestion study will focus on five incident periods and investigate five-mile
segments surrounding each incident. Cost and emission estimations will be
quantified at the corridor level, and for one-hour periods when incidents
occurred.

1.4  Organization
This paper is organized as follows. Section 2 provides a review of performance

measures in general, methods for monetizing these measures, and guidance
for quantifying and monitoring the impact of congestion on the environment
and public health. Section 3 discusses the data sources used in this research.
Section 4 discusses the procedure to identify through trucks (trucks that have
traveled a corridor without stopping for deliveries, rest periods or to refuel the
vehicle). Section 5 discusses the recurring congestion case study used in this
research. The results from the case study are discussed in terms of mobility
and congestion performance measures, freight industry cost, and freight
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vehicle emissions. A summary of the results from the recurring congestion
analysis is provided at the end of Section 5. Section 6 discusses the non-
recurring congestion case study used in this research. The results from the
case study are discussed in terms of mobility and congestion performance
measures, freight industry cost, and freight vehicle emissions. A summary of
the results from the non-recurring congestion analysis is provided at the end
of Section 6. Section 7 provides a summary of conclusions and
recommendations from this research. Here, the research findings summarized
and related to planning and engineering practices, as well as applications for

use by carriers and truckers in the freight industry.



2 Background
This section provides a review of performance measures in general, and the

development of freight performance measures specifically related to the
trucking industry. Here, the reader will find a description of data sources and
methods used to determine congestion and mobility performance measures
for freight vehicles, methods for monetizing these measures, and guidance for
quantifying and monitoring the impact of congestion on the environment and
public health.

21  Developing Congestion and Mobility Performance Measures
Performance can be defined as how well a system or project is meeting an

intended goal or purpose (4, 5). Performance measures are an essential
element of the planning process; they are quantifiable and help to inform and
justify decisions made by government officials. Additionally, performance
measures make it possible to prioritize system improvements so a region may
target areas most in need of improvement, thereby making efficient use of
funds. As new performance measures are developed, it is also expected that
they are efficient (in terms of the data and analysis required), and easy to
understand, because they are used in communication with the public (4, 5). In
this way, performance measures increase accessibility and understanding of
transportation issues within the public body of knowledge, as well as increase
accountability of the decision makers.

Transportation asset management performance measures fall under a
broad range of categories, including (5): preservation, accessibility, mobility,
operations and maintenance, safety, environmental impacts, economic
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development, social impacts, security and project delivery. Because of the
nature of the freight industry, performance measures falling under the
mobility category provide the key to understanding how freight movements
may be impacted by the current and future transportation network. Mobility
can be defined as how easily a vehicle can travel between origin and
destination (5). Inadequate system performance in mobility creates challenges
for the freight industry, including increased difficulty in scheduling
departure/arrival times, additional fees for late arrivals, and potential loss of
time-sensitive goods, such as food.

Travel time—the time it takes a driver to travel between an origin and
destination—is the most basic measure of roadway performance. Travel time
information is easy to interpret, and is desired by the general traveling public,
as well as freight carriers. Travel time data are most often collected using loop
sensors embedded in the roadway. The network of loop sensors allows
agencies to study corridor travel time under both recurring and non-recurring
congestion conditions. Recurring congestion conditions can be defined as
congestion present day-to-day, resulting from fluctuations in demand or
roadway geometry. Non-recurring congestion conditions are associated with
unexpected events that impact traffic flow, such as a collision, stalled vehicle,
weather event or construction. While critical information can be gleaned from
travel time data, the infrastructure installation and collection effort required to
gather and analyze the information is costly. This limits how extensive the
coverage can be. For some states, the cost is too great to implement a system of

7



loop sensors to collect travel time data (6). As such, it is important to use
readily available data sets with wider coverage area to further the
development of performance measures.

There are several performance measures that can be calculated from travel
time, with a bit of supplemental data and information about the corridor in
question. In comparison to uncongested free-flow travel time conditions, delay
is defined as the amount of additional time required to travel a corridor
during congested conditions. Delay can be calculated in terms of intensity,
(e.g., person-minutes/day, or vehicle-minutes/day of delay), or represented
in terms of the extent of roadway (e.g., number of miles of congested roadway,
or vehicle-miles under congested conditions).

Reliability of a system is defined as the variability in travel time, or delay
(6). NCHRP Report 618 recommends the use of 90" and 95™ percentile travel
times for a given route or trip as the simplest indicator of travel time
reliability—this measure allows users to understand how bad delay or travel
time may be during heavy congestion (6). Other recommended measures of
reliability include the Buffer Index (BI) and the Planning Time Index, which
calculate an allotted trip time for drivers to account for variation caused by
congestion.

Finally, speed is often used as a measure of performance, calculated from
the travel time and distance of a given corridor or trip. State DOT’s with
freeway and arterial loop sensor networks will typically use speeds to
graphically display the real-time performance of the roadway. The use of
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segment speed and visual displays via a DOT webpage help to convey general
roadway conditions effectively.

Roadway loop sensors, weigh-in-motion data, and GPS data can be used to
obtain travel time and speed information for freight trucks. However, with
each data source there are advantages and challenges in using the data for the
purpose of deriving freight performance measures for congestion and
mobility (such as travel time, speed, and travel time reliability).

2.1.1 Loop Sensors
The use of archived loop sensor data has shown success in estimating freeway

performance (e.g., travel time, speed, and vehicle count), can be used to study
recurring and non-recurring congestion, and help to identify and study
bottlenecks within regions (7, 8). However, loop sensors are limited in their
ability to capture different vehicle types traveling along the freeway to
provide disaggregate data by mode.

Research at the University of Washington has studied the reliability of loop
detectors in providing accurate count and speed results by vehicle type, and
the capability of loop detectors to differentiate between vehicles by
incorporating video footage (9, 10). The findings show that there is promise in
integrating single loop detectors with video footage to differentiate between
general purpose vehicles and freight vehicles with reasonable accuracy in
count and speed estimates, however, dual loop detectors were found to be less
reliable and could not reasonably estimate between vehicle types during

congestion (9). Sensitivity and hardware errors occurring when dual loop



sensors are used to detect vehicle types are likely to result in discrepancies in
count by lane, vehicle speeds, and proper differentiation of mode.
Additionally, wunderlying logic within the algorithm and large
fluctuations/variations in speed during congested periods may cause
additional issues (9).

2.1.2 Weigh-In-Motion (WIM) and Truck Transponder Data
At weigh-in-motion (WIM) stations located along the interstate highways,

freight vehicles equipped with electronic truck transponders are required to
pass through the checkpoint, where vehicle weight, timestamp of visit, and
other credentials are recorded. The driver is given an in-vehicle green light to
continue, or a red light to pull off for further inspection. In the US, three main
programs exist that utilize electronic transponders: (1) the Heavy Vehicle
Electronic License Plate (HELP) program, (2) the North American Pre-
clearance and Safety System (NORPASS) program, and (3) the Oregon Green
Light program.

Recently, researchers have investigated the use of truck transponder data
as a source for truck travel time information, which could then be used to
develop freight performance measures. If a transponder-equipped vehicle can
be tracked at two sequential stations, the timestamp at each can be used to
generate information regarding the trip, which translates into freeway link
performance (travel time, speed, reliability). However, there are challenges in
working with truck transponder data. First, there are generally long distances

between WIM stations and few locations, so a freight vehicle has opportunity
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to stop, rest, re-fuel or make deliveries before it is tracked at the next station.
Algorithms must be incorporated to filter out trucks that have not traveled
through the corridor without stopping, because their travel time information
would present a bias in the data (slower travel time due to stopping/resting
or delivery). Secondly, the number of trucks equipped with transponders is
relatively low, and a large sample size must be required to accurately estimate
link travel time based on the truck data (11).

Initial work at the University of Washington investigated the use of truck
transponder data in providing link travel time information (12). Following this
work, the researchers found that both GPS and truck transponder technologies
have the potential to estimate link travel times; however, a large number of
vehicle observations are required and must incorporate methods for
determining which trucks have stopped for deliveries, resting, or refueling
(13).

Recent work at Portland State University, under the sponsorship of the
U.S. DOT University Transportation Centers Program, investigated the use of
transponder-equipped trucks to make travel time estimations between weigh
stations in rural Oregon (11). Similar to previous research, this work
incorporated algorithms to identify trucks deviating from the freeway
between WIM stations by matching unique truck ID’s between stations, and
using time thresholds and comparisons between trucks to identify those
traveling through the corridor without stopping. This research was successful
in developing an effective algorithm to identify through trucks, and deriving
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additional measures of performance by quantifying overweight vehicles, ton-
miles on corridors, empty vehicles, the penetration of trucks with truck
transponders, origin-destination estimations, and seasonal variability in
various measures as well as travel time estimations (11).

The studies discussed above have been successful incorporating techniques
and algorithms to mine truck transponder data to identify trucks that have
traveled the freeway without stopping.

2.1.3 Commercial Global Positioning System (GPS) Data
At the national level, the Federal Highway Administration (FHWA) in

partnership with the American Trucking Research Institute (ATRI) have
looked at methodologies to utilize GPS technology to determine travel time
reliability in freight corridors (14) and to identify freight bottlenecks (15). Most
recently, FHWA and ATRI released an online freight performance measure
tool, FPMweb, giving users access to aggregated operational truck speed
information using GPS data from several hundred thousand unique trucks
(16). Limitations associated with the approach of the earlier work, (14), were
carefully examined by Schofield and Harrison (3). The main problems they
observed were: (a) the accuracy of the GPS coordinates which in some cases
may have an error of up to % of a mile and (b) the low number of observations
in areas with low traffic volume. In addition, a more severe limitation is that
the data do not differentiate between vehicle stops due to congestion and

stops due to refueling or mandatory driver rest periods. This presents a bias in
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the data set, where slow speeds may be representing local trips rather than
congestion on the network.

Researchers at the University of Washington acquired GPS data from
many vehicles (commercial trucks) having infrequent readings and used these
to estimate link travel time, develop freight performance measures and study
before and after conditions where roadway improvements were made (13, 17).
The research team used spot speeds (the speed between two subsequent
readings) to estimate measures of mobility. Although a significant amount of
data cleaning was employed to remove erroneous data, the data were not
filtered to identify truck type behaviors (e.g., identifying trucks that have not
stopped along the corridor). The research indicated that spot speeds are best
used for large quantities of data, over longer periods of time (17), however, the
team was successful in showing benefit of a freeway improvement project by
studying GPS data on a small scale before, after, and during construction.

22 Monetary Performance Measures
Projects may be ranked by system performance, but performance measures

may also be monetized and ranked in order to show benefit and impact of a
proposed project. Without accurate information regarding the operating costs
or value of time for the freight industry, it is possible to underestimate the
benefit of a given project or overestimate the benefit of financing strategies
like congestion pricing (18). In this section, data sources and methods used to

monetize performance measures are discussed.
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2.2.1 Variations in Value of Time for Freight Vehicles
Research has shown great variation in freight value of time across regions,

roadway conditions, and carrier types. The value of time for freight vehicles
derived in several studies is presented in Figure 1.

The NCHRP 431 report investigated variations in value of time for
passenger vehicles and commercial trucks under hypothetical congested
roadway scenarios. For both freight and passenger vehicles, time losses during
congestion were valued at more than twice the value of time savings during
uncongested conditions. This report recommends the use of travel time
values for congested periods that are 2.5 times the value of time estimates
during uncongested periods (19).

As shown in Figure 1, the value of time for freight vehicle derived in the
NCHRP 431 is quite large in comparison to values of time derived in other
studies. Although the researchers note a small number of respondents from
the freight industry, and concerns of respondent comprehension of surveys as
potential sources of discrepancy, it is also acknowledged that the need for
carriers to adhere to strict schedules contributes to greater value of time (19).
Additionally, the NCHRP 431 freight value of time presented in Figure 1
reflects value of time under congested conditions, which NCHRP 431
determined to be roughly 2.5 times greater than value of time during
uncongested conditions.

Variations in freight value of time are also found by region. Figure 1, the

shows that value of time estimates can vary over a wide range, based on
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research conducted by Minnesota, the Oregon DOT, and a national urban area
average provided by Texas Transportation Institute (TTI) (20-22).

Kawamura (2000) investigated differences in value of time among
operators and trucking industry segments. Findings from Kawamura show
that not only do freight carriers have a higher value of time than passenger

vehicles, but that there is also significant heterogeneity among carriers (23).

Value of Time for Freight Vehicles
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Figure 1: Value of time for freight vehicles ($/hr) derived from several studies.

2.2.2 Monetizing Travel Time and Delay Using Value of Time
Utilizing the value of time derived from (23) it is possible to monetize

measures of travel time and delay. TTI publishes the Urban Mobility Report,

which evaluates procedures, processes, and data used for developing
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estimations of the cost of congestion (22). The following expression (Eq. 1) is

the TTI formula to determine the annual cost of congestion for freight vehicles

(22).
Daily . 250
Coﬁlr?el?clial _ Vehicle- Commercial X \?eo}?ilc rllée,l{;lsle X Working Ea. 1
. Hours Vehicles % Days Per q-
Vehicle Cost Value ($/hr)
of Delay Year

2.2.3 Incorporating Travel Time Reliability in Travel Cost Calculations
In addition to travel time and delay, travel time reliability (or variability) can

be incorporated into travel cost calculations. Reliability of travel time is
particularly important to time-sensitive shippers and time-definite delivery
carriers. One of the simplest approaches to quantifying traveler cost takes the

following form shown in Eq. 2 (24):

U. = a,*T+a,*V(T) +a,*M Eq. 2

where:
U. = the traveler cost,
T = trip travel time,
V(T) = trip travel time variability,
M = cost of traveling, and
a,, a, and a; are parameters representing the dislike of travel time, variability,
and travel cost, respectively.
For the variability term, Cohen uses a low- and high-end range for a, of 0.3
and 1.3; parameters a, and a, were estimated to be 1 (24). Research has found

that, by improving reliability (reducing variability) during congested peak
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periods, there is great potential to significantly reduce the cost of travel during
congestion.

2.2.4 Monetizing Travel Time and Delay Using Operational Cost
Although the value of time has been widely incorporated into cost-benefit

analysis, by examining marginal operating costs we can gain insight into
decisions made by carriers and how the freight industry is impacted by the
performance of the transportation system.

Studying aggregate marginal costs in the freight industry is a challenge
because of the complexity in shipping processes between carriers, variation in
fleet size, and differences in carrier types—data is difficult to obtain and often
varying ranges of marginal costs are considered (18). Recent work by ATRI
derived marginal operation costs for various carrier types by using survey
methods. ATRI defined marginal costs as “those costs associated with
operating a truck one mile or one hour in standard operating conditions” (18).
Figure 2 presents a list of operating costs considered by ATRI, classified into

driver and vehicle categories.
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Driver Costs
driver wages
«driver benefits
driver bonuses

Vehicle Costs
fuel and engine oil
truck/trailer lease or purchase
srepair and maintenance
fuel taxes

e[nsurance

fires

¢licensing and permits
«tolls

Figure 2: Operating costs involved in the trucking industry.

Marginal costs are used to analyze costs resulting from transportation
related issues, since these are the costs that are impacted most by the roadway
conditions—congestion will generally have a greater impact on marginal costs
than fixed costs. For example, as congestion increases, freight vehicles spend
more time on the road thereby consuming more fuel. Carriers will adjust
shipping schedules and vehicle routing as a response to congestion to reduce
the cost of fuel as much as possible. Additionally, fixed costs are less
consistent across carrier types compared to marginal costs, decrease as the
vehicle-miles traveled increases, and are often allocated differently between
carriers making it more difficult to aggregate information. Therefore,
examining only the marginal costs will provide a better understanding of
decisions made by carriers and how the freight industry is impacted by the

transportation system conditions in terms of cost.
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In a recent study, ATRI found the average marginal operating cost for the
freight industry to be $1.78 per mile and $83.68 per hour (18). ATRI also found
that specialized carrier types had the highest cost per mile followed by less
than truckload', and truckload® carrier types. Fuel, driver wages, and
truck/trailer lease or purchase, were among the top cost items. As revealed in
value of time studies, there are major differences among trucking industry
sectors. ATRI also applied average cost values to investigate the annual cost
impact of a network bottleneck on the trucking industry, using a three-step
methodology; this research concluded that the truck congestion costs
associated with a bottleneck case study resulted in $5.7 million annually (25).

2.3  Environmental and Health Performance Measures
It is crucial to be able to accurately estimate emissions due to freight vehicles

in transportation planning and engineering, in order to address concerns for
public health, the air quality of the environment, and to adhere to current and
emerging policies. This section introduces vehicle emissions and factors that
influence the amount of emissions produced. The section ends with a
discussion of how emissions can be estimated and quantified, and
subsequently used as a link to understand the health impacts of

transportation.

! Less than truckload (LTL) carriers haul a relatively small amount of freight, and may carry
goods of different types in a given load. LTL carriers may visit multiple customers throughout
the day to deliver or to pickup goods.

? Truckload (TL) carriers haul large amounts of the same type of goods. All good carried in
one truckload will generally go to one customer.
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2.3.1 Importance of Quantifying Frelght Emissions
The freight industry is a critical piece of our transportation system and

national economy. The U.S. Department of Transportation found on average
58 million tons of freight shipments per day in 2007 (domestic, exports and
imports)—60% of which were transported by the trucking industry (26). The
Federal Analysis Framework predicts the tons of goods moved by trucking
will more than double 2007 values by the year 2035 (26). Assuming the status
quo, this expected increase in freight transportation will have a direct impact
on air quality over the next 25 years. Freight transportation constitutes 20% of
the energy consumed by the transportation sector; for ground transportation
(rail and trucks) this means that 35 billion gallons of diesel fuel are consumed
each year, equating to 350 million metric tons of carbon dioxide (CO2) per
year (27). Without continuing to make changes in policy, transportation
operations, and technology, these rates will only become greater over time, as
the freight industry grows to meet the expanding economy, demands of just-
in-time production, and increased usage of online shopping.

2.3.2 Emissions and Air Pollutants
Greenhouse Gases and the Environment: Greenhouse gases (GHG) are those

that trap heat in the atmosphere and are largely responsible for changes in the
global climate. Non-carbon GHG are methane (CH4), nitrous oxide (N20),
hydrofluorocarbons (HFC’s), perfluorocarbons (PCs) and sulfur hexafluoride
(SF6); carbon dioxide (CO2) is the leading carbon GHG. Of the six main

GHGs, the transportation sector contributes mostly to CO2 emissions and to a
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lesser degree, N20 emissions (28). The remaining GHGs result mainly from
agriculture and industrial activities.

Carbon dioxide is the most prevalent GHG. Although N20O emissions are
much less than CO2 emissions, they are 300 times more powerful at trapping
heat in the atmosphere compared to CO2, so it is important to monitor more
than just carbon emissions. Each year, the EPA tracks the nations greenhouse
gas inventory, which allows agencies, policy makers, and scientists to observe
emission trends, monitor progress, and develop strategies to reduce GHG
emissions in the future (29). There are several initiatives and policies aimed
toward reducing CO2 emissions.

Mobile Source Air Toxics and our Health: In addition to the
environmental concerns regarding GHGs, there is national concern over the
health risks caused by mobile source air toxics (MSAT). MSAT are compounds
emitted from mobile sources that present known or suspected health risks for
humans (e.g., cancers, immune system damage, or respiratory problems).

The Clean Air Act Amendments established by Congress in 1990 required
the EPA to regulate 188 MSAT. Over the past two decades, the EPA has
compiled a list of several hundred compounds emitted from mobile sources
and identified several compounds as significant contributors to health related
issues (30). FHWA reviewed work by EPA and agreed upon seven
compounds that have the greatest influence on health: acrolein, benzene, 1,3-
butadiene, diesel particulate matter plus diesel exhaust organic gases (diesel
PM), formaldehyde, naphthalene, and polycyclic organic matter (31).
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Criteria Pollutants: The EPA has also identified six “criteria” pollutants,
for which the agency has set National Ambient Air Quality (NAAQ)
standards, including: ozone (O3), particulate matter (PM), nitrogen oxides
(NOx), lead (Pb), sulfur dioxide (SO2), and carbon monoxide (CO) (32).
Nitrogen dioxide (NO2) can be monitored independently from other highly
reactive gases in the NOx group, as it stands as an indicator of the group. For
diesel engines (used almost exclusively to power heavy-duty vehicles), very
little CO emissions and hydrocarbons are produced, however, significant
amounts of NOx and PM are produced (33).

Nitrous oxides, like NO2, form quickly from emissions of vehicles, and are
linked with many adverse health effects—short term exposure to NO2
emissions from 30 minutes to 24 hours has shown increased airway
inflammation in healthy persons, and increased respiratory symptoms in
people with asthma (34). In addition to the health risks, NOx contribute to the
increase of smog, which in turn reduces visibility. It is expected that recent
NOx standards for passenger vehicles and heavy-duty engines in 2004 and
2007-2010 model years, respectively, will to contribute to decreases in NO2
concentrations in the future.

Particulate matter (PM) is also closely linked with respiratory health and
visibility effects. PM are small bits of liquid or solid material suspended in air
(or water). Ground freight transportation (rail and trucking) contributes to
30% of all PM emissions (27), and as indicated above, diesel PM has been
identified as one of EPA’s seven significant contributors to health risks
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resulting from MSAT. Fine and ultrafine particles (particle matter with
diameter of 2.5 micrometers and smaller, PM2.5) contribute to smog/haze and
can be inhaled deep into the lungs causing health problems.

To date, governmental regulation and vehicle technology improvements
have received wide attention in reducing GHG emissions, MSAT and other
pollutants by heavy-duty vehicles. Currently diesel vehicles are being
regulated by EPA to reduce PM and NOx. As noted in recent work by
University of California Riverside, little attention has been paid to the impact
of traffic operations and various roadway conditions on freight emissions (33).

2.3.3 Factors Contributing to Freight Emissions
It is clear that transportation has a significant impact on air quality and

consequently public health, and is responsible for a large portion of global air
pollution. However, it is important to understand what factors contribute to
emission of GHG, MSAT, and other air pollutants. For example, fuel
consumption and CO2 emissions are directly related, but fuel consumption
depends heavily on travel speed, road characteristics and vehicle
characteristics (35). This section will present a review of factors contributing to
freight emissions.

Speed and Acceleration: Using probe passenger vehicles equipped with
GPS, loop sensor data and an emissions model, one study found that when
congestion brings average vehicle speed below 45 mph, there is a negative net
effect on emissions; vehicles spend more time on the road, and exhibit

acceleration and deceleration patterns, which result in increases in CO2

23



emissions (36). Additionally, very high speeds (above 65 mph) also result in
higher emission levels. The study makes recommendations for “traffic
smoothing” and congestion mitigation to maintain steady speeds between 45
to 50 mph and reduce CO2 emissions (36). The impact of speed on vehicle
emission rates is illustrated in Figure 3, taken from Barth and Boriboonsomin;
the researchers indicate that moderate speeds produce minimum emissions
(37).

Similar results were found for heavy-duty vehicles at different operating
modes. Higher emission profiles were shown for vehicles accelerating, with
the highest emission rates from accelerations between 0 to 25 mph than from
accelerations between 0 to 50 mph (38). Additionally, at steady state speeds of
25 mph, emission profiles for hydrocarbons (compounds consisting of
hydrogen and carbon) and CO components were greater in comparison to

hydrocarbon and CO emissions for higher steady state speeds of 50 and 60

mph.
Emission-Speed Plot of Individual Trips or Trip Segments
Taken from Barth & Boriboonsomsin, 2009
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Figure 3: Emission-Speed Plot Taken from Barth & Boriboonsomisin, 2009 (37); moderate
speeds show minimum emission rates.
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Figure 35: Link and Link Drive Schedule travel time and speed distributions for non-
recurring analysis; non-recurring and recurring congestion conditions provided for each
incident areas and incident period studied.
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