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Network-Based Simulation of Air Pollution

Emissions Associated with Truck Operations
by Joongkoo Cho and Weihong Hu

Estimating greenhouse gases (GHGs) and other emissions (especially diesel particulates) is an
increasingly important basis for regional policy analysis. According to the EPA (2010a), the
transportation sector contributed 27.2% of total GHG emissions in 2008, and 50% of these were
from truck operations. This research focuses on estimating GHGs and other emissions (e.g., PM)
from freight movements on roads in California as well as the concurrent effects of various mitigation
scenarios. The study demonstrates that interregional freight flow data, along with FAF data can be
important data sources for emission models. The results are useful not only for estimating GHGs and
other emissions based on estimated freight flows, but also for evaluating area-specific environmental
impacts of policy alternatives. The analysis shows that emissions impacts vary by study area as well
as by policy. A policy alternative that has a significant impact in a specific area may have a trivial
impact in a broader region. Also, an emissions reduction in one area may be because of emissions
increases in another area. Therefore, it is important to simulate possible emissions impacts by
applying a spatially disaggregated model to help decision makers weigh alternatives. The study can
also be applied for analyzing environmental justice when the emission results are disaggregated
into small areas.

INTRODUCTION

Motivation

Evaluating a regional transportation plan (RTP) in terms of air quality impacts is now essential for
local, state, and federal governments. This is why the U.S. Environmental Protection Agency (EPA)
has developed the Motor Vehicle Emission Simulator (MOVES), which is an emissions model at
the national and sub-regional levels. The California Air Resources Board (CARB) has developed
the Emission Factors (EMFAC) model, which is an emissions model for California. The Center
for Environment Research and Technology at the University of California, Riverside, has also
developed a Comprehensive Modal Emission Model (CMEM) with sponsorship from the National
Cooperative Highway Research Program (NCHRP) and the U.S. EPA.

There are many difficulties associated with developing an emissions model. Useable data
are scarce and reliable parameters are hard to judge. Basically, emissions levels are estimated by
production of emission factors (e.g., tons per vehicle mile by various speeds) and by vehicle activities
(CARB 2007, EPA 2010b). Therefore, researchers have worked on estimating reasonable emissions
factor parameters, vehicle activities, or interaction between emissions levels and vehicle activities
(Barth and Boriboonsomsin 2009). The EMFAC models have incorporated such research results and
have been widely used by government agencies and researchers. The EMFAC model may calculate
incorrect emission estimates for a small region such as a traffic analysis zone (TAZ) (Barth 1996),
but it is useful for identifying trends of emissions levels for large areas such as counties.

Although EMFAC provides comprehensive data, the key factor, vehicle miles traveled (VMT),
are not provided as origin-destination flows, leaving opportunities for policy analysis based on
transportation network performance limited. The shortcomings may be resolved by using freight
flows that are estimated between specific origin-destination pairs by industry sectors. Therefore,
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it is expected that consistent sub-state VMT estimates determined via simulation of actual trade
flows and consequent use of the road networks would make emissions models much more useful
for policy analysis.

Research Objectives

The primary research objective is to simulate air pollution emissions on California road networks
associated with truck operations. There are three main procedures of the study. First, truck freight
flows are estimated between ZIP code areas. Estimating spatially disaggregated freight flows is
essential for this study and ZIP code areas are the most disaggregated spatial units for estimating
freight flows by industry sectors. Second, a highway network model is developed to estimate VMT
on the network based on the estimated truck origin-destination (O-D) flows. Third, the results from
the transportation model are used as inputs to an air pollution emissions model. Various policy
scenarios are tested by the developed model.

LITERATURE AND EXISTING MODEL REVIEW

Air pollution emissions caused by transport activities can be grouped into two types: greenhouse
gasses (GHGs) and other pollutants. GHGs include Carbon Dioxide (CO,), Methane (CH,), and
Nitrous Oxide (N,O) from fuel combustion and F-gases (fluorinated gases) from vehicle air
conditioning (Kahn Ribeiro et al. 2007). Other pollutants are Total Gaseous Hydrocarbons (TOG),
Carbon Monoxide (CO), Oxides of Nitrogen (NOx), Particulate matter (PM,, PM, ,), and Oxides
of sulfur (SOx) (CARB 2007; EPA 2010b). Efforts have been made to estimate GHGs and other
pollutants caused by transport activities (Benjamin and Long 1995, Cicero-Fernandez and Long
1995). Estimation processes reflect an understanding of which factors affect emissions rates.

In the 1990s, there were several ways to estimate vehicle emission parameters. Equipment
such as data-logger or global positioning systems (GPS) were installed to collect data from
vehicle operations (Benjamin and Long 1995, Magbuhat and Long 1996). Data were assembled
to determine distributions of VMT, trips, temperature, and speed during weekdays and weekends.
Grades and other loads effects on emissions were analyzed (Cicero-Fernandez and Long 1995,
1996). Benefits of emission rates data from on-board diagnostics and inspection/maintenance (I/M)
were studied (Patel and Carlock 1995). Based on these research results, the California Air Resources
Board (CARB) developed an air pollution emissions model called Emission Factors (EMFAC). As
mentioned above, VMT provided by EMFAC, a primary input for the model, has limitations for
policy analysis. Building a truck O-D matrix is a way to overcome the limitation.

Early studies of truck O-D estimation generally resemble passenger O-D estimation and follow
the same methodologies. Gravity models were applied by Meyburg (1976), Swan Wooster (1979),
Southworth (1982), Ashtakala and Murthy (1988), and Tamin and Willumsen (1988). Mathematical
programming models were applied by Gedeon et al. (1993) and List and Turnquist (1994). Heuristic
solution techniques were applied in Tavasszy et al. (1994) and Al-Battaineh and Kaysi (2005).
However, it has been widely accepted that freight modeling differs from its passenger counterpart
(Holguin-Veras et al. 2001, Wisetjindawat et al. 2006, Hunt and Stefan 2007, Giuliano et al. 2010).
Therefore, various approaches have been applied to reflect the unique nature of truck O-D flows.

Truck O-D estimation methodologies can be classified via various criteria. A criterion can be
the data involved, which classifies the existing research into two major groups: direct sampling
and estimation from secondary data sources (i.e., O-D synthesis) (Cascetta 1984). Direct sampling
employs survey data obtained from home interviews, license plate surveys, and roadside surveys to
set the parameters of classical sampling theory estimators. The main drawbacks of such techniques
are threefold: (1) the variances and covariances of the O-D values depend on the sampling technique
and the estimator adopted, and thus may be unstable; (2) bias is often introduced in the parameters
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due to lack of calibration and systematic errors in survey work; (3) large-scale traffic surveys tend
to be time-consuming and labor-intensive, which can be exacerbated by the dynamic nature of
transportation demand. In the case of freight modeling, there is also the problem of data reliability
because firms may be reluctant to report various operational details.

Estimation from secondary data sources is an effort to derive the desired O-D matrix by
matching the cells with observed or available secondary data conforming to predefined rules. Inputs
like link volumes (traffic counts) contain the most important information about O-D distributions
and can be updated readily when dynamics are taken into account (Réos et al. 2002). This enables
such estimation methods to bypass the need for large surveys and, as a result, they appear attractive.
Secondary freight flow data generally have three problems: (1) different data sources reveal different
aspects of freight flows, but hardly any single source can describe the complete flows regarding
an area; (2) they are not equally available for various modes; (3) most are at an aggregate level,
whereas the desired analysis requires more disaggregate data.

Giuliano et al. (2010) attempted to address the first two shortcomings of secondary data
sources. Their underlying logic estimates regional commodity-specific O-D matrices by integrating
international, interregional, and intraregional trip attractions and productions. The authors generated
intraregional productions and attractions utilizing a regional input-output transactions table as well
as small area employment data.

The Federal Highway Administration (FHWA) attempted to address these three issues in the
Freight Analysis Framework (FAF) database. FAF contains 123 domestic regions and eight foreign
regions for exports and imports. Forty-three commodity flows transported by trucks and other
modes are provided. FAF is constructed based on the Commodity Flow Survey (CFS). For industrial
sectors that CFS does not include, alternative data were used to complete the estimation. Those
alternative data include Census of Agriculture for farm-based agricultural shipments, fisheries of
the United States for fishery shipments, and U.S. National Input-Output Accounts for commodity
flows associated with the construction, services, retail, and household and nusiness moves industrial
sectors (Southworth et al. 2011). The outputs are freight O-D flows in dollar and ton values among
131 FAF regions by 43 commodity classes and seven modes of transportation. After the FAF data
were released, efforts were made to disaggregate the state and Metropolitan Statistical Area flows
into sub-state areas (Anderson et al. 2008, Anderson et al. 2010, Rowinski et al. 2008, Opie et
al. 2009, Viswanathan et al. 2008, Harris et al. 2009). Estimating truck O-D flows at local areas,
however, are still challenging due to data limitations.

Recently, IMPLAN (Impacts for Planning) input-output data at the ZIP code were released.
IMPLAN is an economic impact modeling system that provides commodity flows by 440 industry
sectors for U.S., state, county, and ZIP code areas. IMPLAN has been applied for estimating
economic impacts of government policy (Norton 2011), industry investment (Calcagno et al. 2003),
development project (Doublas and Harpman 1995), and household spending (Bergstrom et al.
1990). IMPLAN has also been applied for estimating freight flows between states (Park et al. 2009)
and sub-state regions (Giuliano et al. 2010). Data at the ZIP code area level, however, have not
been applied for estimating freight flows. Truck trips can be estimated among ZIP code areas when
IMPLAN data are combined with FAF O-D matrix and network data. This approach can help local
planners and individuals to save time collecting extensive amounts of data. The estimated truck O-D
matrix will be useful to analyze various emission reduction policies.

Summary of Literature Review

Methodologies for estimating truck O-D flows can be classified into two major groups: direct
sampling and estimation from secondary data sources. Since direct sampling tends to be time-
consuming and labor-intensive, estimation from secondary data sources appeared more attractive

for truck O-D estimation. Although there have been studies to estimate truck O-D flows at the sub-
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state level, estimation at small areas such as ZIP code has not been applied due to data limitations.
IMPLAN input-output data at ZIP code area along with FAF data can be used to estimate truck O-D
flows between ZIP code areas.

METHODS APPLIED IN THIS STUDY

This research presents a method to estimate truck O-D flows among ZIP code areas by using
IMPLAN input-output data and FAF data. The estimated O-D flows are then used as an input to
estimate truck VMT. The estimated VMT are used as an input to an air pollution emissions model,
in this case the EMFAC model for California. Several steps are needed to estimate truck O-D flows
between ZIP code areas and consequent air pollution emissions from IMPLAN ZIP code area input-
output data and FAF data.

Truck Origin-Destination (O-D) Flows Estimation

Estimating truck O-D flows at ZIP code areas in California and between California and other states
is the first step for estimating truck VMT. IMPLAN 2008 ZIP code data are the basis for truck O-D
flows estimation. Following are the data provided by IMPLAN for a ZIP code area.

e Total commodity output produced in a ZIP code area and total commodity demand attracted

to the ZIP code area.

Foreign exports and foreign imports by the ZIP code area.

Local supply, which shows commodities that are produced and consumed at the same ZIP
code area.

e Domestic exports of the ZIP code area and Domestic imports into the ZIP code area.

As shown above, IMPLAN provides complete trade flows in a ZIP code area. IMPLAN data,
however, do not provide origin-destination flows or mode information, which are necessary to
estimate truck O-D flows. Therefore, FAF data are used to obtain O-D and mode information. Table
1 shows a comparison between IMPLAN and FAF. It shows that FAF data provide freight O-D flows
and mode information among Metropolitan Statistical Areas (MSA) while IMPLAN provides trade
flows at ZIP code areas without O-D or mode information. Tables 2 and 3 show detailed information
on O-D flows provided by FAF data. The Los Angeles MSA is chosen as an illustration. Table 2
shows O-D flows of domestic and foreign imports in the Los Angeles MSA. California consists of
four MSAs and a remainder. The remainder areas include any regions that are not included in the
four MSAs in California. Table 2 shows that the Los Angeles MSA has five origins in California and
118 origins outside California for domestic import. In the case of foreign imports, the Los Angeles
MSA becomes a domestic origin to deliver the imported goods to domestic destinations. Table 3
shows export components for which the Los Angeles MSA becomes origins for both domestic and
foreign exports.

To apply O-D and mode information from FAF data to IMPLAN data, first, IMPLAN 440
sectors are matched to 43 Standard Classification of Transported Goods (SCTG) commodity sectors
based on a bridge between the North American Industry Classification System (NAICS) and SCTG
(U.S. DOT FHWA 2009). Second, ZIP code data are aggregated to MSA according to the spatial
definitions of FAF. In other words, data for all ZIP code areas in each MSA are aggregated to get
freight flows for the MSA.
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OD Mode
Data Geography information Information Sector Value
IMPLAN ZIP code X X 440 sectors Dollar
FAF MSA (0) (0) 43 sectors Dollar/Ton

Table 2: Los Angeles MSA Import Components from FAF Data

Los Angeles MSA Domestic Import

Los Angeles MSA Foreign Import

Origin Destination Foreign Origin Domestic Origin Domestic Destination
Los Angeles MSA Los Angeles MSA
Sacramento MSA Sacramento MSA
San Diego MSA San Diego MSA
g - Los Angeles Foreign country | Los Angeles MSA £ -
San Francisco MSA MSA San Francisco MSA
Remainder Remainder
Other States' Other States
Table 3: Los Angeles MSA Export Components from FAF Data
Los Angeles MSA Domestic Export Los Angeles MSA Foreign Export
. L . . Domestic Foreign
Origin Destination Domestic Origin Destination Destination
Los Angeles MSA Los Angeles MSA
Sacramento MSA Sacramento MSA
San Diego MSA San Diego MSA
Los Angeles MSA £ - Los Angeles £ - Foreign country
San Francisco MSA MSA San Francisco MSA
Remainder Remainder
Other States Other States

Third, proportions of trades among MSAs and dollar to ton conversion factors are estimated
from FAF data. Dollar to Proportions of truck class are also estimated from Vehicle Inventory Use
Survey (VIUS) data. Fourth, truck O-D flows by commodity sectors are estimated by multiplying
trade flows at MSAs obtained from IMPLAN by trade proportions estimated from FAF. Equation
(1) ~ (4) show the calculation process for domestic import, domestic export, foreign import, and
foreign export, respectively. Each equation is repeated for all 43 SCTG sectors.

(1) Trade’;”** =IMP}" x Prop [-""x FAF?/-™" x VIUSY,

(2) Trade {j—.DE"‘ =IMPP* x Prop }F x FAF 0P x VIUS K,

(3) Trade["* =IMP[" x Prop!! x FAF =" x VIUSY,

(4) Trade["** = IMP'* x Prop[* x FAF{F-"" x VIUSY,

Where

i=1~123,j=1~123, k= 1~7.

i=1~123,j=1~123, k= 1~7.

i=1~123,j=1~123, k= 1~7.

i=1~123,j = 1~123, k = 1~7.

Trade’;""" is domestic imports by truck mode and ton value by truck class from origin i to
destination j,

Trade’;”** is domestic exports by truck mode and ton value by truck class from origin i to
destination j,
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is estimated foreign imports by truck mode and ton value by truck class from
intermediate domestic destination i to final destination j,

is estimated foreign exports by truck mode and ton value by truck class from origin
i to intermediate domestic destination j to be delivered to foreign countries,

is the amount of domestic import by dollar value at region j provided by IMPLAN,
is the amount of domestic export by dollar value from region i provided by IMPLAN,
is the amount of foreign import by dollar value from region i provided by IMPLAN,
is the amount of foreign export by dollar value from region i provided by IMPLAN,

DI /5123 pi 18 proportion of domestic imports by truck mode from origin
FAFU /ijl FAFij . prop e P y &
i to destination j,

i tion of foreign imports by truck mode from
FAF " /SI3 EAFY! S PTOPOY preien Tporis Dy HET moce
Y a Y intermediate domestic destination i to final destination j,

is proportion of domestic exports by truck mode from origin
FAF [P /312 FAF[F 'S Proportion of ports by &
i to destination j,

is proportion of foreign exports by truck mode from domestic
origin i to intermediate domestic destination j to be delivered
to foreign countries,

J

is the amount of domestic import by truck mode from origin i to destination j
provided by FAF data,

is the amount of foreign import by truck mode from intermediate domestic
destination i to final destination j provided by FAF data,

is the amount of domestic exports by truck mode from origin i to destination j
provided by FAF data,

is the amount of foreign export by truck mode from domestic origin i to intermediate
domestic destination j provided by FAF data,

is the total domestic import at region j provided by FAF data,

is the total foreign import at intermediate domestic destination i provided by FAF
ata,

is the total domestic exports from origin i provided d by FAF data,
is the total foreign export at origin i provided by FAF data,
is dollar-ton conversion factor for domestic import calculated by FAF data,
is dollar-ton conversion factor for domestic export calculated by FAF data,
is dollar-ton conversion factor foreign import calculated by FAF data,
is dollar-ton conversion factor for foreign export calculated by FAF data, and

is proportion of truck class by Vehicle Inventory Use Survey.

Fifth, after estimating freight flows between MSA regions, a doubly-constrained gravity model is
applied to estimate truck O-D flows between ZIP code areas in each MSA region and between MSA
regions. Doubly-constrained gravity models are appropriate when both demand and consumption are
given. Although a doubly-constrained gravity model may create distortions in predicting the future
due to fixed constraints of demand and consumption (Bruton 1970), the model has been successfully
applied to estimate freight O-D flows in various geographies (Levine et al. 2009, Lindal et al. 2006,
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Prentice et al. 1998). A doubly-constrained gravity model consists of trip productions/attractions,
and a travel distance friction factor (Mao and Demetsky 2002). Trip productions/attractions are
obtained from the IMPLAN input-output data. Travel distance friction factors are calculated based
on shortest path distances between centers of ZIP code areas which are estimated from the FAF3
network.?

There are two conditions to be satisfied for a doubly-constrained gravity model:

Condition 1: Sum of all trade flows from a region = that region’s total supply.
Condition 2: Sum of all trade flows into a region = that region’s total demand.

Values meeting these two conditions are achieved via iteration. The results are balanced trade
flows.

Sixth, freight O-D flows are converted to number of trucks by applying average payload factors.
FHWA provides average payload for truck classes by applying the Vehicle Inventory Use Survey.
Appendix Table 1 shows the average payload for California. Truck O-D flows between ZIP code
areas by truck class are estimated by dividing the gravity model results with the average payload
factors. The estimated truck flows are initial truck O-D flows.

Seventh, the estimated initial O-D flows are adjusted because O-D flows estimated by
commodity flows may be different from real traffic flows. Real traffic counts such as the Highway
Performance Monitoring System (HPMS) at state and national levels or local survey data are often
used to adjust initial O-D flows. FAF data provide Average Annual Daily Truck Traffic (AADTT),
which is derived from HPMS. HPMS include traffic count data submitted by each state. So AADTT
data are used to adjust the initial truck O-D flows.

AADTT is only available for 2007 or 2040, whereas the scenario of the model is for year
2030. Therefore AADTT for year 2030, which is labeled AADTT30, is calculated by interpolating
between the two points. Similarly, link capacity for year 2030, which is labeled CAP30, is calculated
by interpolating using 2007 and 2040 data.> AADTT30 includes truck flows for the nation. But this
study only includes truck flows originated from California or destined to California. Therefore, the
California portions are calculated from AADTT30. To do that, ton values of the projected freight
flows at year 2030 are calculated from FAF O-D data. Equation (5) shows the calculation process.

123 - 123 "
X 20, -1 Ton +21:1,,': ca 1013
123 123 "
Z,‘:] Z,‘:] TOI’!U

(5) CA Pro=

Where
CA_Pro is the proportions of freight flows originated from or destined to California out of

total freight flows. i=origin, j=destination.

The calculated proportions are multiplied to the AADTT30 to estimate a modified AADTT30.
The modified AADTT30 is further multiplied by VMT proportions in California MSAs to calculate
AADTT30 by truck class.* The calculated AADTT30 by truck class is labeled tru AADTT30. So
tru_ AADTT30 shows average annual daily truck traffic by truck class originated from or destined
to California at 2030. To adjust the initial O-D matrix, an O-D estimation procedure developed by
Nielsen (1998) and implemented in TransCAD software (Caliper 2001: page 316) is applied to tru_
AADTT30 and CAP30. To convert the truck flows to passenger car equivalent (PCE), the practice
from the Southern California Association of Government (SCAG) has applied which involves 1.2
for light truck, 1.5 for medium truck, and 2 for heavy truck as PCE factors. The upper portion of the
Figure 1 shows the procedures for O-D estimation.

The estimated truck O-D flows are used as an input for the transportation impact model to
estimate VMT on each link of the network. The User Equilibrium (UE) model, a traffic assignment
model based on assumed rational behavior of humans that create equilibrium at the network level, is
applied to estimate a VMT baseline and to estimate effects of various scenarios. The middle portion
of the Figure 1 shows the procedures used to estimate VMT based on the estimated truck O-D flows.

47



Air Pollution Emissions

Figure 1: Processes of Estimating Air Pollution Emissions
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The estimated VMTs are then used as inputs for the emissions model. Air pollution emissions are
estimated by applying the EMFAC model. The bottom portion of Figure 1 shows the procedures
for estimating air pollution emissions based on the estimated VMT by truck class. To estimate
air pollution emissions, base emission rates are first adjusted by area-specific data such as the
Inspection and Maintenance (I/M) program, temperature, and relative humidity. Then total emission
inventories are estimated by multiplying the adjusted emission rates by total vehicle activity. These
adjustments and estimations are accomplished by applying the EMFAC model.

SCENARIOS

The model developed for this research includes a truck origin-destination (O-D) matrix at ZIP
code areas for domestic and foreign trade by commodity sector. To account for the effects of
interregional and international trade, the locations of a region’s international gateways for trucking,
such as airports, seaports, and border regions, are identified. The model includes road and highway
networks that trucks utilize when traveling between O-D pairs. The model is, therefore, appropriate
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for identifying and analyzing changes in commodity flow patterns or changes of road network
utilization and the corresponding consequences resulting in various air pollution emissions. The
key idea is to implement this for various emissions control policy scenarios. Scenario results are
compared to projected baseline trends.

Baseline: Future growth of foreign trade in San Pedro Bay (SPB)

This is the reference case that was used to compare and evaluate the various scenario results. The
baseline shows network and emissions responses for projected growth paths. The results show the
impacts on link volumes and air pollution emissions when trade via local area seaports grows in
the near future. Table 4 shows projected growth at San Pedro Bay, which includes the Port of Los
Angeles and the Port of Long Beach. Growth rates from 2008 to 2030, which are 170% for imports
and 71% for exports, are multiplied by 2008 data for foreign trade via the port of Los Angeles and
the port of Long Beach. These results show how the expected growth of trade via the ports affects
commodity flows and air pollution emissions. Trade at other regions is assumed to be same as the
2008 value to isolate the effects of the growth at San Pedro Bay.

Table 4: Port of Los Angeles and Port of Long Beach Throughput Demand Forecast (Baseline)

Unit 1,000
Actuals Forecast Increase
Actual/Forecast TEU 2008 2030 TEU %
Import Loads 7,328 19,801 12,473 170%
Export Loads 3,470 5,938 2,468 71%

Source: The Tioga Group, Inc. and IHS Global Insight. 2009.

Scenario One: Truck replacement scenario — Replacing older trucks with newer trucks. This scenario
utilizes the capability of the EMFAC model, which allows users to modify the characteristics of
vehicle populations including vehicle age. The Clean Truck Program (CTP) at the port of Los
Angeles and the port of Long Beach has been successful in reducing truck-related emissions around
the ports. According to the port of Los Angeles, CTP reduced port truck emissions by more than
80% in 2012 (Port of Los Angeles 2012). CTP was applied to drayage operations (short haul cargo
container trips). For Scenario One, it is assumed that a similar program will be applied to all diesel
trucks in Los Angeles County so that all diesel trucks in the county would be less than 20 years old
in 2030.

Scenario Two: Network & truck improvement scenario — Developing zero emission truck lanes
on [-710. Route I-710 is a major freight corridor from the port of Los Angeles and the port of
Long Beach to various domestic destinations. Because communities around the freeway have been
impacted by air pollution emissions, there have been various studies and plans to reduce emissions
while expanding the capacity for truck flows on the freeway. Developing zero emission truck lanes
is one of the plans that is relatively cost-effective and technically available. Based on the proposed
plans (Metro 2012), it is assumed that four of eight lanes on I-710 will be converted to zero-emission
truck lanes by 2030. It is also assumed that hybrid trucks that can be operated by electricity and by
diesel engine simultaneously will be operated on the converted lanes. So 50% of the total traffic
flows on I-710 will be converted to zero emissions truck flows.

Scenario Three: Land use scenario — Inland port (intermodal facility) at Mira Loma industrial area.
Developing an inland port, connected by rail to the existing seaports, has been considered as a long
term project to reduce truck traffic and air pollution emissions around the ports and highways. The
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Mira Loma industrial area is one of the candidates for such a development (Rahimi et al. 2008). It is
assumed that the inland port will begin operations in 2030. A possible development site was found
from the SCAG website (Southern California Association of Government 2008: page 135, Exhibit
106). The ZIP code of the location is 91752. It is assumed that 50% of truck flows in the port of Los
Angeles and the port of Long Beach are moved from the ports to the inland port for this scenario.

MODEL RESULTS

The model results at two different geographic levels, the Los Angeles MSA and Los Angeles County,
are summarized. The Los Angeles MSA includes Los Angeles, Orange, Riverside, San Bernardino,
and Ventura counties. The reason that the results at two different geographies are shown is that
Scenario one and three identify different implications at different geographies. A sensitivity analysis
is also conducted to see how the results are sensitive to different scenarios.

Model Results for the Los Angeles MSA

Results for the Los Angeles MSA are explained in this section. Figure 2 displays a scatterplot of
simulated and modified AADTT30 for the Los Angeles MSA. When the simulated and observed
volumes agree 100%, the observations fall on the 45-degree line. The correlation coefficient for
model results shows about 84% agreement. Table 5 shows the comparison of total volumes in the
Los Angeles MSA. The difference in total volume of trucks between simulated and AADTT30
is about 900,000. In other words, total volumes of the modified AADTT30 and simulated agree
over 98%. Table 6 summarizes model results of VMT for the Los Angeles MSA. To obtain VMT
for the MSA, VMT by vehicle classes for each scenario are aggregated for each county within
the MSA. Table 6 shows separate results for two combined counties based on results of Scenario
Three. Los Angeles, Orange, and Ventura counties are combined because the three counties have a
decrease in VMT for Scenario Three. Riverside and San Bernardino counties are combined because
two counties show an increase in VMT for the scenario. Note that there is no change in VMT for
Scenario One because of an assumption that VMT of Scenario One is the same as the one of the
baseline. In Scenario Two, VMT for vehicle classes of MHDT and HHDT are reduced by 10,910
miles per day and 16,407 miles per day, respectively, due to the assumption of zero emission vehicle
lanes on 1-710. Total VMT reductions are 27,317 miles per day, which is a 0.07% reduction.

Figure 2: Simulated Versus Observed (Modified AADTT30) Volumes in Los Angeles MSA
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Table 5: Comparison Baseline Total Volumes in Los Angeles MSA
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Difference
Total volume of truck (Simulated-AADTT30)
Modified Simulated (Base
AADTT30 scenario) Number %
Volumes 48,471,251 47,548,530 -922,721 -1.90%

Table 6: Summary of Vehicle Miles Traveled (VMT) Results, Los Angeles MSA

Units: Miles per day

. ) . VMT change from scenario
Region Vehicle class Baseline 1 > 3
LDT 23,971,075 - - 65,143
Los Angeles MSA MDT 7,990,359 - - 20,925
(Los Angeles + LHDT 2,284,008 - - 2,301
Orange + Ventura MHDT 1,527,658 -1 -10,910 2,173
+ Riverside + San HHDT 2,308,083 - -16,407 6,368
Bernardino County) Total | Number 38,081,183 -l 27317 96,910
ota
% - - -0.07% 0.25%
LDT 13,501,956 - -| -258,623
MDT 4,500,652 - - -86,700
Los Angeles + LHDT 1,285,775 - - -27,309
Orange + Ventura MHDT 859,145 -1 -10,910 -17,353
County HHDT 1,287,066 S| -16407|  -24388
Number 21,434,594 - 27,317 | -414,373
Total
% - - -0.13% -1.93%
LDT 10,469,120 - - 323,766
MDT 3,489,707 - - 107,625
o LHDT 998,232 - -| 29,610
Riverside + San MHDT 668,513 - - 19,526
Bernardino County
HHDT 1,021,016 - - 30,756
Number 16,646,588 - S| 511,284
Total
% - - - 3.07%

Note: LDT: Light-Duty Trucks, MDT: Medium-Duty Trucks, LHDT: Light HD Trucks, MHDT: Medium HD
Trucks, HHDT: Heavy HD Trucks

Interestingly, in Scenario Three, VMT for vehicle classes are increased when 50% of the
truck flows are moved from the ports of Los Angeles/Long Beach to Mira Loma area according
to the model results. Total VMT increase is 96,910 miles per day, which is a 0.25% increase. That
result may be because infrastructures such as freeways and distribution centers have already been
developed for efficient operations around current ports. If an inland port is developed in the Mira
Loma area, there would be new developments of highways, major arterials, and distribution centers
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to improve network accessibility of the area. Then the network model results may be different than
the current results. Even though infrastructures are not fully updated to analyze the scenario, there
is an important implication for policy applications from the model results.

Taking transport activities from one place to another may be helpful to reduce environmental
problems for the specific area but the benefits may be offset by increased problems in other places.
Therefore, analyzing the impacts of policy scenarios in various regions is useful for local area policy
makers. More explanations will be developed when the Los Angeles MSA results are compared with
the Los Angeles County results later in this paper.

Table 7 displays the results of air pollution emissions applying the network model results
for the baseline and three scenarios of the Los Angeles MSA. Note that there are no changes for
vehicle classes of LDT, MDT, and LHDT in Scenarios One and Two because the two scenarios only
involve MHDT and HHDT. Scenario One shows the biggest reduction in all pollutants among all
the scenarios. Notably, NOx and PM are reduced by 0.54 and 0.04 tons per day, respectively. CO2
does not change because VMT remains at the same level with the baseline. Scenario Two shows
relatively small changes compared with the other scenarios. Because the change in PM is too small
compared with the baseline, the results show no change. Scenario Three shows increases in three
of the air pollution emissions. PM for total vehicle classes is reduced in the Los Angeles MSA,
although total VMT for the region is increased as shown in Table 6. This is because PM reductions
in Los Angeles, Orange, and Ventura counties are bigger than the PM increase in Riverside and San
Bernardino counties.

In Scenario One, when old trucks in Los Angeles County are replaced with newer models, it
will affect air pollution emissions in Los Angeles County and other counties as well. To estimate
the effects in each county, truck proportions originated from Los Angeles County are estimated
by using the estimated O-D matrix. Table 8 shows the calculated proportions for the Los Angeles
MSA. Results for Los Angeles County, for example, show that 73% of the trucks operating in the
county including both medium heavy-duty trucks (MHDT) and heavy heavy-duty trucks (HHDT),
are originated within the County. In Orange County, 30% of the trucks originated from Los Angeles
County. Percentages for other counties can also be interpreted in the same way.

Model Results for Los Angeles County

Table 9 shows VMT for the baseline and VMT changes for the three scenarios. For Scenario One,
old trucks are replaced by newer ones but there is no change in VMT because VMT remains the
same. For Scenario Two, VMT of MHDT and HHDT are reduced because 50% of truck flows for
two truck classes are converted to zero emission vehicle trips on I-710. VMT for other vehicle types
remain at the same level.

In Scenario Three, a relatively big decrease in VMT is shown when 50% of truck flows are
moved from the ports of Los Angeles/Long Beach to the Mira Loma area. The result is also different
than the one for the Los Angeles MSA. Total VMT was increased when Scenario Three was applied
in the Los Angeles MSA as shown in Table 6. Part of the reason for the difference is that the Mira
Loma area is located in Riverside County. Because this table only includes VMT within Los Angeles
County, the result shows decreased VMT.

Table 10 displays air pollution emissions results for the baseline and the three scenarios. There
are no changes for vehicle classes of LDT, MDT, and LHDT in Scenario One and Two because these
two scenarios only involved MHDT and HHDT. Scenario One shows the biggest reduction in NOx
and Total Organic Gases (TOG) among all scenarios. Scenario Three shows the biggest reduction
in CO, CO2, and PM. Scenario Two shows the least impact in terms of reducing emissions for the
county. A part of the reason for small impact of Scenario Two may be that emissions reductions in
the specific area do not have much impact for the county as a whole.
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Table 7: Air pollution Emissions Results for Baseline and Scenarios in the Los Angeles MSA

Units: tons per day

Baseline
Vehicle class LDT MDT LHDT MHDT HHDT Total
TOG 28.73 12.09 6.67 1.35 2.98 51.82
CO 85.07 43.16 28.87 12.24 18.92 188.26
NOx 6.15 3.04 14.54 4.55 34.77 63.05
CO2 (1000) 15.84 7.32 2.17 2.41 6.12 33.86
PM 1.8 0.69 0.1 0.22 0.53 3.34
SOx 0.15 0.07 0.01 0.02 0.06 0.31
ifference from baseline
Scenario 1
Vehicle class LDT MDT LHDT MHDT HHDT Total
TOG - - - 0 -0.02 -0.02
CO - - - -0.09 -0.11 -0.20
NOx - - - -0.31 -0.23 -0.54
CO2 (1000) - - - 0 0 0
PM - - - -0.01 -0.03 -0.04
SOx - - - 0 0 0
Scenario 2
Vehicle class LDT MDT LHDT MHDT HHDT Total
TOG - - - 0 0 0
CO - - - -0.02 -0.03 -0.05
NOx - - - -0.02 -0.05 -0.07
CO2 (1000) - - - -0.02 -0.03 -0.05
PM - - - 0 (0] 0
SOx - - - 0 (0] 0
Scenario 3
Vehicle class LDT MDT LHDT MHDT HHDT Total
TOG -0.01 0 0 0 0.01 0
CO 0.05 0.01 0.01 0.01 0.02 0.1
NOx 0.01 0.01 0.01 (0] 0.01 0.04
CO2 (1000) 0.02 0.02 0 0 0.01 0.05
PM 0 0 0 -0.01 -0.01 -0.02
SOx

0] 0] 0] 0] 0 0
Note: TOG: Total Organic Gases, CO: Carbon monoxide, NOx: Nitrogen oxides CO2: Carbon dioxide PM:
Particulate Matter, SOx: Oxides of sulfur.

Table 8: Proportions of Trucks Originated from Los Angeles County

County MHDT HHDT
Los Angeles 0.73 0.73
Orange 0.30 0.30
Riverside 0.23 0.22
San Bernardino 0.22 0.21
Ventura 0.35 0.35

Source: estimated origin-destination matrix
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Table 9: Vehicle Miles Traveled (VMT) in Los Angeles County
Units: Miles per day

. . . VMT change from scenario
Baseline and Scenarios Baseline
1 2 3
LDT 10,012,255 - - -215,567
MDT 3,337,419 - - -72,287
LHDT 953,527 - - -22,799
MHDT 637,983 - -10,910 -14,401
HHDT 954,370 - -16,407 -20,145
Number 15,895,554 - -27,317 -345,199
Total
% - - -0.17% -2.17%

Note: LDT: Light-Duty Trucks, MDT: Medium-Duty Trucks, LHDT: Light HD Trucks, MHDT: Medium HD
Trucks, HHDT: Heavy HD Trucks

Sensitivity Analysis

In this section, the results from various sensitivity analyses are explained. Three different levels of
implementation of each scenario are applied to examine the sensitivity of the model results.

Summary of the Sensitivity Test Results

The sensitivity test results show that the model works almost linearly for Scenarios One and Two,
which means that emissions are linearly decreasing when more old trucks are replaced with new
trucks in Scenario One or when more lanes are converted to zero-emission truck lanes in Scenario
Two. Scenario Three shows varied results by pollutants and levels. These results would change if a
different inland port site other than the Mira Loma area is selected. Overall, the model performs as
expected. The sensitivity test results show different implications for each scenario.

Scenario One. TOG, CO2, PM, and SOx are not changed by replacing old trucks because truck
populations, VMT, and fuel type are the same regardless of the level of implementations. CO and
NOx, however, are changed although the amounts are small. The reason for small changes may be
because the EMFAC model has limited capability to assess technology improvement. For example,
natural gas trucks would not be included in the EMFAC model unless natural gas trucks are first
produced and tested to determine emissions parameters. If alternative fuel trucks such as natural gas
trucks become popular, the simulated impacts could be much bigger.

Scenario Two. Emissions for all pollutants except SOx change because VMT decreases on 1-710.
But the change is small because the VMT decrease on 1-710 is less than 1% of the Los Angeles
County total. Although truck traffic on I-710 is heavy, it is a small portion of the amount for Los
Angeles County.

Scenario Three. Emissions for all pollutants except SOx are changed because VMT decreases
around the ports of Los Angeles/Long Beach. But the change is small, perhaps because the VMT
decrease around the ports is about 1% for all of Los Angeles County.

Important implications of the results are that infrastructure projects at a specific location would
not make much impact for the whole County or MSA. Moreover, just replacing old diesel trucks with
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Table 10: Air Pollution Emissions Results for Baseline and Scenarios in Los Angeles County
Units: tons per day

Baseline
Vehicle class LDT MDT LHDT MHDT HHDT Total
TOG 14.02 5.67 3.14 0.7 1.04 24.57
CO 39.63 19.7 14.02 6.46 6.57 86.38
NOx 2.84 1.4 6.78 2.18 11.09 24.29
CO2 (1000) 6.94 3.18 0.95 1.02 2.37 14.46
PM 0.81 0.3 0.05 0.1 0.22 1.48
SOx 0.07 0.03 0.01 0.01 0.02 0.14
Difference from baseline
Scenario 1
Vehicle class LDT MDT LHDT MHDT HHDT Total
TOG - - - 0 -0.02 -0.02
CO - - - -0.07 -0.09 -0.16
NOx - - - -0.21 -0.18 -0.39
CO2 (1000) - - - 0 0 0
PM - - - -0.01 -0.01 -0.02
SOx - - - 0 0 0
Scenario 2
Vehicle class LDT MDT LHDT MHDT HHDT Total
TOG - - - 0 0 0
CO - - - -0.02 -0.03 -0.05
NOx - - - -0.02 -0.05 -0.07
CO2 (1000) - - - -0.02 -0.03 -0.05
PM - - - 0 0 0
SOx - - - 0 0 0
cenario 3
Vehicle class LDT MDT LHDT MHDT HHDT Total
TOG -0.01 0 0 0 0 -0.01
CcO
-0.27 -0.12 -0.01 -0.02 -0.04 -0.46
NOx -0.03 -0.01 -0.01 -0.03 -0.06 -0.14
CO2 (1000) -0.12 -0.05 -0.02 -0.02 -0.04 -0.25
PM -0.02 0 0 -0.01 -0.01 -0.04
SOx 0 0 0 0 0 0

Note: TOG: Total Organic Gases, CO: Carbon monoxide, NOx: Nitrogen oxides CO2: Carbon dioxide PM:
Particulate Matter, SOx: Oxides of sulfur.

newer diesel trucks would not bring much reduction unless an innovative technology is developed.
Applying cleaner fuel such as natural gas would be more promising.

Table 11 shows air pollution emissions results for three scenarios for the Los Angeles MSA.
Each scenario includes three different levels, which are -25%, 0%, and 25%. Total Organic Gases
(TOG) shows little change for various levels in each scenario. That is because emissions of TOG
mostly depend more on vehicle population than VMT. It was assumed that numbers of vehicles are
the same for all scenarios. SOx shows no changes across strategies. SOx emissions are calculated
by multiplying a weight factor of sulfur in fuel by gallons of fuels consumed. Even though gallons
of fuels consumed are changed by different levels of scenarios, the changes are not significant
enough to make a difference so that SOx amount remains at the same level. Other pollutants show
more reductions when more trucks are replaced in Scenario One or when more lanes are converted
to zero-emission truck lanes in Scenario Two. Scenario Three, however, shows mixed results by
pollutants and truck classes. NOx, for example, remained at the same level then decreased from

55



Air Pollution Emissions

34.78 tons per day to 34.77 tons per day when more HHDT flows were moved from the port of Los
Angeles/Long Beach to the Mira Loma area. CO emissions, on the contrary, increased first then
decreased when more HHDT flows were relocated. The overall conclusion is that the results are not
sensitive to alternative scenarios.

Table 11: Results of Sensitivity Analysis for the Los Angeles MSA
Units: tons per day

MHDT HHDT Total

-25% 0% 25% | -25% 0% 25% | -25% 0% 25%

Scenariol 1.35 1.35 1.35 2.97 2.96 296 | 51.79| 51.78| 51.78
TOG Scenario2 1.35 1.35 1.35 2.98 2.98 297| 51.82| 51.81| 51.81
Scenario3 1.35 1.35 1.35 2.99 2.99 298| 51.82| 51.81| 51.81
Scenariol 1220 | 12.18| 12.15| 18.87| 1883 | 18.81 | 188.16 | 188.13 | 188.07
CcO Scenario2 | 12.23 | 12.22| 12.21| 1890 | 18.89| 18.87 | 188.25 | 188.23 | 188.21
Scenario3 1224 | 1225| 1225| 1892 | 1894 | 1892 | 188.29 | 188.35 | 188.34
Scenariol 4.40 432 424 34.66| 34.60| 3454 | 62.81 | 62.66 | 62.54
NOx Scenario2 4.54 4.53 452 3474 | 3472 | 34.69| 63.04| 63.00| 62.97
Scenario3 4.55 4.55 4.55| 3478 | 3478 | 34.77| 63.07 | 63.08| 63.09
Scenariol 241 241 241 6.12 6.12 6.12 | 33.83 | 33.83| 33.83
Scenario2 2.40 2.39 2.38 6.11 6.09 6.07 | 33.81| 33.78 | 33.76
Scenario3 2.40 241 241 6.13 6.13 6.13 | 33.85| 33.89| 33.89
Scenariol 0.21 0.21 0.21 0.51 0.50 0.50 3.32 3.32 332
PM Scenario2 0.22 0.22 0.21 0.53 0.53 0.52 3.33 333 333
Scenario3 0.22 0.21 0.21 0.53 0.52 0.52 3.34 3.35 3.35
Scenariol 0.02 0.02 0.02 0.06 0.06 0.06 0.33 0.33 0.33
SOx Scenario2 0.02 0.02 0.02 0.06 0.06 0.06 0.33 0.33 0.33
Scenario3 0.02 0.02 0.02 0.06 0.06 0.06 0.33 0.33 0.33

CcO2
(thousand)

CONCLUSIONS AND FUTURE WORK

Estimating GHGs and other pollutants is an important basis for regional transportation planning.
Treating the trucking sector has been a challenge because of data limitations. This study demonstrated
how input-output data at the ZIP code level along with Freight Analysis Framework (FAF) data can
be applied to estimate truck flows between sub-state areas and how the estimated truck flows can be
used to evaluate various policy scenarios involving reduced air pollution emissions.

The model developed here was used to evaluate three plausible policy alternatives: 1) How
much air pollution emissions such as PM and NOx are reduced by replacing old trucks with newer
models in Los Angeles County and how great are the impacts throughout the Los Angeles MSA
due to a truck upgrade in Los Angeles County. 2) How much air pollution emissions are reduced
by introducing zero emission lanes on I-710 in Los Angeles County, 3) How much air pollution
emissions are reduced by developing an inland port at the Mira Loma area for Los Angeles County
as well as throughout the Los Angeles MSA.

It was found that a truck replacement strategy can be effective for reducing air pollution
emissions in both Los Angeles County and the surrounding MSA. Introducing zero emission lanes
on a major truck highway can deliver small impacts in the county or surrounding MSA region,
although it may have a significant impact to reduce air pollution emissions in specific local areas.’

56



JTRF Volume 52 No. 3, Fall 2013

Developing an inland port, however, can increase air pollution emissions in the MSA, although it
can reduce emissions around the port area.

By analyzing and comparing the results of three scenarios, various lessons were learned. First,
when a policy alternative is considered to reduce air pollution emissions, it is important to make
the objectives clear. There can be a strategy that reduces air pollution emissions in a specific area
but increases emissions in the surrounding county or MSA. Similarly there can be a strategy that
reduces air pollution emissions in the county or MSA, although the reduction in a specific area is
not likely. If the objective is to reduce overall air pollution emissions in large areas, the vehicle
replacement strategy seems to be promising. If the objective is to reduce air pollution emissions
in a specific area such as near highway segments, developing zero emission truck lanes could be a
good option. Second, moving transport activities from one site to another could have both positive
and negative impacts. Total air pollution emissions may not be changed, although emissions in
a local area could be reduced. There are also possibilities to increase overall emissions if proper
developments of infrastructure are not implemented. More studies are needed to more thoroughly
evaluate land use change.

The model developed here has limitations. First, the model may not evaluate congestion effects
properly because only freight flows were included and passenger car flows are not yet added in the
assignment. When both passenger car flows and truck flows are added, the results can be different.
Second, new technologies can change the model results. For the truck replacement scenario, it was
assumed that old diesel trucks are replaced with newer diesel trucks. Recently however, significant
natural gas reserves have been developed in the U.S. It is possible that natural gas trucks will be
more popular in 2030 because natural gas is likely to be cheaper than diesel. Of course there must
be investments in developing efficient trucks, and proper infrastructures must be established to
make natural gas trucks popular. Natural gas trucks could not be included in truck replacement
strategy because the EMFAC model does not yet include that fuel category. If natural gas trucks are
included in the model, there could be more reductions in air pollution emissions. Third, changes in
supply chains, such as those prompted by the Panama Canal expansion or opening of the Northern
Sea Route, also known as the Northeast Passage, can affect model results. The baseline origin-
destination truck flows matrix does not take into account the Panama Canal expansion or opening
of the Northern Sea Route. If significant changes in supply chains are assumed due to the opening
of the two new routes, freight flows in the Port of Los Angeles and the Port of Long Beach can be
changed affecting truck flows and the corresponding air pollution emissions. It is not yet known the
extent to which the changes would be a paradigm shift or if most current trends would be continued.

The limitations of the developed model suggest the next steps for the research. Because
including passenger vehicles is important for estimating congestion effects, both passenger trips and
freight trips need to be combined in the model. The model can also be updated when more fuel types
such as natural gas are modeled in the EMFAC model. The model developed here has a capability
to test scenarios involving VMT changes at the sub-county levels. The current state of the EMFAC
model, however, does not permit us to go to that next step. If and when EMFAC is suitably updated
to treat smaller areas, our model will become more useful.
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Endnotes

1. All other MSAs and remainders are labeled as Other States for illustration purposes. Other
States includes 118 FAF regions except California.

2. Shortest path distance is used as a friction factor, although travel time may be more realistic.
This was the choice because passenger flows were not yet included in the study. Travel time will
be used in future work when all vehicle flows are included in the model.

3. AADTT30=AADTTO7+(AADTT40-AADTT07)/33)*23. Similarly CAP30=CAPO7+((CAP40-
CAP07)/33)*23.

4. The EMFAC model requires VMT by truck class to estimate emissions. Therefore, VMT has to
be estimated by truck class. To be consistent with the EMFAC model, VMT by truck is obtained
from EMFAC and the proportions are calculated. The calculated proportions are as follows:
Light Duty Truck (LDT) = 0.63 (LDT1=0.15, LDT2=0.48), Medium Duty Truck (MDT) =
0.21, Light Heavy Duty Truck (LHDT) = 0.06 (LHDT1=0.05, LHDT2=0.01), Medium Heavy
Duty Truck (MHDT) = 0.04, Heavy Heavy Duty Truck (HHDT) = 0.06.

5. The EMFAC model that was applied for estimating air pollution emissions is for county-level
estimations; emissions are estimated only at the county level. In Scenario Two, unlike the other
two scenarios, emissions reductions occur only on the I-710 link, which is in the scenario area.
If only the surrounding area of I-710 is selected, the impact of Scenario Two can be significant.
The argument becomes clearer when the % changes of Scenario Two are compared. In Los
Angeles County, for example, CO reduction in percentage terms was 0.03%, but 0.06% in the
Los Angeles MSA. Estimating impacts in smaller areas below the county level will be a next
step of this research.
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Appendix Tablel: Bridge of Vehicle Class Categories Between VIUS and EMFAC

VIUS EMFAC Adjusted
Gross Avg. . . Avg.
Vehicle group Vehicle Payload(lbs) Vcell: Scsle Description C}Z:;%Iits) payload
Weight | for California (Ibs)
LDTI Light-Duty 0-3750
Group 1 Less than Trucks
6,000 1bs. ) ioht-
Lpry | lght-Duty 3751-5750
Trucks
et 2,116
MDT edium-Duty 1 5,51 2500
6,001 to Trucks
Group 2 10’000 Ibs 2,116 LiohiHl
’ ' LHDT1 | ehtHeavy= 1 es51 10000
Duty Trucks
10,001 to Light-Heavy-
Group 3 14,000 Ibs. 3,945 LHDT2 Duty Trucks 10001-14000 | 3,945
14,001 to
Group 4 16,000 Ibs. 4,560
Group 5 1196;%%11,;2 5,097 Medium-H
’ : MHDT | eHum-Heavy=1 4 4601.33000 | 11,797
Groun 6 19,501 to 8518 Duty Trucks
oup 26,000 Ibs. ’
26,001 to
Group 7 33.000 Ibs. 29,012
More than Heavy-Heavy-
Group 8 33,000 Ibs 31,550 HHDT Duty Trucks 33001-60000 | 31,550

Data: Vehicle Inventory Use Survey 2002
(http://ops.thwa.dot.gov/freight/freight analysis/faf/faf2 reports/reports9/s501 2 3 tables.htm#
Toc169399555), EMFAC model

Note: Group 1 of VIUS has too little sample to calculate average payload

Same payload is applied for LDT1, LDT2, MDT, and LHDT1
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