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Executive Summary

This document discusses the sensitivity of various input parameter effects on emission rates using the US
Environmental Protection Agency’s (EPA’S) MOVES2010a' model (20100830 database) at the regional
level. Pollutants included in the study are carbon monoxide (CO), Oxides of Nitrogen (NOy), Particulate
Matter of less than 2.5 micrometers (PM,s) and Volatile Organic Compounds (VOCs). Similar trends for
PMy, as reported for PM, s and Nitrogen Dioxide (NO,) as NOy exist and inferences to these pollutants
may also be made. Results are presented using the predicted emission rates (grams/mile) for running
exhaust and starts across multiple MOVES source types.

The input parameters varied in this analysis are: Temperature, Humidity, Ramp Fraction, Age Distribution,
Analysis Year, and Average Speed Distribution. The input parameters of Road Type Distribution, Source
Type Population, Age Distribution, Fuel, and I/M Programs were held constant utilizing the national
default values from the MOVES 20100830 default database for the 2010 Analysis Year. MOVES is a
complex model with many input parameters that can influence the emission rates across multiple vehicle
types. The overall modeling process may include many variations and is not covered by this report. A
separate project level analysis will delve more into the overall modeling process.

The results of the model sensitivity are presented for various vehicle types utilizing particular fuel types to
provide an understanding of the input sensitivity independent of fleet mixture. The emission rate values
are included in the results tables located in Appendices allowing the user to review the magnitude of the
emissions rates across vehicle types. These data are specific for this sensitivity analysis and are not
meant as absolute values for use in regional emissions analyses.

The methodology of the analysis used a local sensitivity analysis approach where a single input
parameter was varied while all the other input parameters were held constant. The output emissions
rates were analyzed across all MOVES vehicle types. To allow a comparison of these emission rates, a
‘Baseline Case’ was established. The Baseline Case used the default data from a National Scale
MOVES run allowing national defaults for road type distribution, age distribution, average speed
distribution, fuel, ramp fraction, and Inspection and Maintenance (I/M) programs. In order to run MOVES
in a time efficient manner, a surrogate model approach was utilized to represent a county level analysis
while executing MOVES for a single hour of the day. The surrogate approach utilizes a less
computationally expensive method of running MOVES to obtain the overall sensitivities. A single hour
was sufficient to establish the trends associated with the various model sensitivities as input parameters
were varied.

While described in detail within the report, the basic findings for each evaluated parameter are presented.

e Temperature is a very sensitive parameter across all pollutants and vehicle types. The results
from this analysis showed similar trends to the temperature and humidity sensitivity analysis
conducted by EPA.

e Analysis Year is a very sensitive parameter especially between the years 2010 and 2020 where
emission rates are seen to decrease most significantly. Emission rates further decline until the
year 2040 and remain relatively unchanged thereafter. Given the analysis year requirements,
prescribed for regional conformity determinations, users may not have a lot of flexibility in varying
this input parameter.

e Age Distribution of the vehicle fleet is important. A proportional increase of 10 percent in the
distribution of vehicles less than 10 years old caused a reduction in vehicle emission rates by
approximately 16% for CO, 12% for NOy, and 11% for PM,s. As expected, an older fleet with a
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10% greater distribution of vehicles between 11 and 20 years old resulted in an increase in
emission rates across all pollutants. This trend continued when increasing the proportion of the
oldest set of vehicles between 21 and 30 years old as well. It is desirable for the users to obtain
local vehicle age distribution data instead of relying on default information. This is especially true
if the area’s fleet consists of newer vehicles or if vehicle replacement programs are in effect.

e Ramp Fraction can be a sensitive input parameter dependent on vehicle and fuel type. A
common observation for almost all vehicle types across all pollutants was that emission rates and
Ramp Fraction change in a linear manner. As the Ramp Fraction increases, so do emissions
rates. Diesel emissions of CO remained relatively flat showing a dependence on fuel type within
the model. Alternatively, the emissions rate for PM, s showed an increase for diesel fueled
vehicle with increased ramp fraction while gasoline emissions remaining somewhat constant.
This parameter will be greatly controlled by the highway geometric design.

e Emission rates for NOyx and CO were the most sensitive pollutants due to changes in humidity. In
the case of CO, gasoline fueled vehicles showed increased emissions as humidity increased,
while for NOy, diesel fueled vehicles were most affected. All other vehicle types remained
relatively insensitive to changes in humidity.

e The emission rates associated with Average Speed Distributions representing Level-of-Service
(LOS) B, C, and D generally varied by only a few percentage points across all pollutants and
vehicle types. Results for CO varied for all vehicle types and should be examined individually by
the reader in the full report. The emissions rates associated with LOS E showed a larger
variation than LOS B, C or D, while emission rates associated with LOS F were significantly
higher. It was also observed that the ‘Baseline case’ exhibited an emission rate between LOS E
and F, indicating use of default values results in a LOS E+ speed to volume relationship,
indicating a conservative bias for the in model default. This is an indication that local data should
be obtained and used when possible. The functional classification for arterials show a much
greater change in emission rates for varying LOS than all other facility types.

It is important for the analyst to be aware of how all of these variables affect a regional analysis and the
information of this report should inform in that regard. This provides an awareness of the importance of
inputs during the design phase of the projects and could result in a better analytical design in regards to
air quality. Default data or assumptions should not be used if it is possible to obtain local data. This is
especially true for vehicle age distribution and average speed distribution with related drive schedules.
For example, defaulting to the MOVES average speed distribution would result in a LOS E+ being used
during analysis. This heavy congestion may not exist or may not be the outcome of a final design and if
used could result in higher emission rates than would occur if the actual speed distribution were used.
Temperature and humidity are location specific. The analysis year will be defined by conformity
guidelines. Omitting these two input parameters, the order of impact for including actual data would be:

e Average speed distribution for arterials

e Vehicle age distribution

e Ramp fraction

e Average speed distribution for interstates
e Average speed distribution for freeways

It is always more accurate to include local data and this listing is only to be utilized as a general guide.
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1 Introduction

This document discusses the sensitivity of various input parameter effects on emission rates using the US
Environmental Protection Agency’s (EPA’S) MOVES2010a' model (20100830 database) at the regional
level. This sensitivity analysis includes the effects on Carbon Monoxide (CO), Oxides of Nitrogen (NOy),
Particulate Matter of less than 2.5 micrometers (PM,s) and Volatile Organic Compounds (VOCs)
emission rates (grams/mile) for running exhaust and starts across multiple MOVES source types (e.g.,
passenger car, transit Bus, long-haul combination truck, etc). The temperature sensitivity associated with
the evaporative emission process is also included in this analysis. The results presented in this
document for PM, 5 can also represent the sensitivity of PM;y and the results for NOx may represent the
sensitivity of Nitrogen Dioxide (NO,). The following input parameters were varied in the analysis:
Temperature, Humidity, Ramp Fraction, Age Distribution, Analysis Year, and Average Speed Distribution.
The input parameters of Road Type Distribution, Source Type Population, Age Distribution, Fuel, and
Inspection and Maintenance (/M) Programs were held constant utilizing the national default values from
the MOVES 20100830 default database for the 2010 Analysis Year. The results of the analysis show
how running exhaust, start, and evaporative emissions rates are affected by the variation of analyzed
input parameters and the magnitude of the changes.

2 Purpose and Scope

The purpose of this analysis is to help inform the user about the sensitivity of selected MOVES input
parameters associated with a regional level analysis. As such, it is a review of the model sensitivity only,
and not the overall modeling process. The EPA conducted a sensitivity analysis on the national scale in
2010 which focused on the effects of temperature and humidity across various emissions processes for
all vehicles separated by fuel types (e.g., gasoline and diesel)z. This analysis complements the EPA
temperature/humidity analysis, but also investigates a wider range of input parameters in a more
comprehensive manner.

MOVES is a complex model with many input parameters that can influence the emission rates across
multiple vehicle types. This sensitivity analysis focuses on user supplied input parameters when
conducting regional level analyses, such as those to support State Implementation Plans (SIP) or regional
emissions analyses. The results of the model sensitivity are presented for the analyzed input parameters’
effect on emission rates for various vehicle types with a particular fuel type. For example, passenger
cars, passenger trucks, and light commercial trucks utilize gasoline, while combination trucks, single unit
trucks, buses, motor homes, and refuse trucks primarily utilize diesel fuel. The results are presented in
this manner so the user can have an understanding of the sensitivity of input parameters independent of
fleet mixture. The emission rate values are included in the results tables located in Appendices A through
F so the user can have an understanding of the magnitude of the emissions rates across vehicle types.
However, these data are not meant as absolute values for use in regional emissions analyses.



3 Methodology

A local sensitivity analysis approach was utilized where a single input parameter was varied while all
other input parameters were held constant. For this analysis the sensitivities of six input parameters were
analyzed; these included average speed distribution, temperature, humidity, ramp fraction, age
distribution and analysis year. The output emissions rates were analyzed across all MOVES vehicle
types. Table 3-1 summarizes the ranges of input parameters used in the sensitivity analysis.

Table 3-1. Summary of Input Parameter Sensitivity Values

Input Parameter Parameter Values/Description
Temperature (Fahrenheit) includes starts and evaporative -40°, -20°, 0°, 20°, 40°, 60°, 80°, 100°, 120° F
Humidity 0%, 20%, 40%, 50%, 60%, 80%, 100% (60° F and 80° F)
Ramp Fraction 0, 0.02, 0.04, 0.06, 0.10, 0.12 0.16, 0.20
Analysis Year 2010, 2020, 2030, 2040, 2050
Age Distribution Group 1: +10%, Group 2: +10%, Group 3: +5%

Average Speed Distribution - Urban Restricted Access - FC 11

Urban Interstate LOS B,C,D,E,F
Average Speed Distribution - Urban Unrestricted Access - FC LOS CD.E
12 Urban Principal Arterial Freeway =
Average Speed Distribution - Urban Unrestricted Access - FC LOS B.C.F

14 Urban Principal Arterial Other

The first step in conducting the sensitivity analysis was to establish a ‘Baseline Case’. Rather than create
a representative county using the county information contained within the MOVES default database, the
default data from a National Scale MOVES run was utilized to establish the ‘Baseline Case’. National
defaults for road type distribution, age distribution, average speed distribution, fuel, ramp fraction, and I/M
programs were used for the ‘Baseline Case’. Table 3-2 lists the MOVES run specification information and
input data used for the ‘Baseline Case’.

In order to run MOVES in a time efficient manner for the sensitivity analysis, a surrogate model approach
was utilized to represent a county level analysis while executing MOVES for a single hour of the day. A
surrogate model is a computationally inexpensive method of running a computer model that represents
the response of the larger, more computationally expensive model. In this case, instead of running
MOVES for all hours and months typical for a regional analysis, only a single hour was run. A single hour
is sufficient to establish the trends associated with the various model sensitivities of the input parameters
analyzed.




Table 3-2. Baseline Case Parameter Description

Parameter Description
Year 2010
Month July
Day Weekday
Hour 8:00 AM
Geographic Bounds Nation
Road Type(s) All

Vehicles/Fuel Type

Diesel Fuel - Combination Long-haul Truck

Diesel Fuel - Combination Short-haul Truck

Diesel Fuel - Intercity Bus

Diesel Fuel - Light Commercial Truck

Diesel Fuel - School Bus

Diesel Fuel - Single Unit Long-haul Truck

Diesel Fuel - Single Unit Short-haul Truck

Diesel Fuel - Transit Bus

Gasoline - Light Commercial Truck

Gasoline - Passenger Car

Gasoline - Passenger Truck

Age Distribution

2010 National default

Average Speed
Distribution

National Default (8AM Weekday)

Fuel

National Default

Road Type Distribution

National Default

Ramp Fraction

National Default (0.08)

I/M Program

National Default

Vehicle Type VMT

Normalized - 1000 VMT per HPMS Vehicle Type

Source Type Population

Normalized - 1000 VMT per HPMS Vehicle Type

Temperature

60 degrees Fahrenheit (80 degrees Fahrenheit used for Humidity only)

Humidity

50%

The strategy utilized for analyzing the sensitivity for each input parameter is described below.

Temperature and Humidity

Prior to conducting this sensitivity analysis, the EPA report “MOVES Sensitivity Analysis: The Impacts of
Temperature and Humidity of Emissions™ was reviewed to gain an understanding of temperature and
humidity sensitivities, the method of calculation for the analysis used by EPA, and for comparison to this
analysis. The analysis for this reporting differs from the ranges used in the EPA analysis in two ways.
First, the EPA analyzed temperature in 10 increments, while this analysis utilized 20° increments.
Second, this analysis only analyzed humidity at 60" and 80" Fahrenheit, while the EPA sensitivity analysis
analyzed humidity over a wider range of temperatures based on pollutant characteristics. A summary of
the EPA temperature and humidity sensitivity findings are discussed in Section 4.1 and 4.2 of this
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document along with the findings of this analysis. The temperature and humidity used for the ‘Baseline
Case’ are 60° Fahrenheit and 50%, respectively.

Ramp Fraction

Ramp Fraction represents the length of time vehicles spend on ramps associated with urban and rural
restricted access roadways in MOVES. The ‘Baseline Case’ utilized an 8% ramp fraction and the
sensitivity analysis varied the ramp fraction by 2% or 4% increments from 0 to 20%, accounting for the
allowable range of values within MOVES.

Analysis Year

Analysis Year sensitivity was evaluated in 10 year increments, with the ‘Baseline Case’ analysis year
being 2010. The following years were analyzed: 2020, 2030, 2040 and 2050. The goal of analyzing this
input parameter was to determine how emission rates might vary in future analysis years. The national
default age distribution for 2010 was used for all analysis years.

Age Distribution

Vehicle age distribution consists of a distribution of vehicle ages from 0 to 30 years old. The ‘Baseline
Case’ utilizes the national default age distribution for 2010. In conducting the sensitivity analysis, the 31
vehicle age ranges were divided into three groupings. Group 1 is 0-10 years old, Group 2 is 11-20 years
old, and Group 3 is 21-30 years old. The vehicle age distributions were redistributed proportionally based
upon the default age distributions for each of the three groups. Three sensitivity runs were conducted.
The first run consisted of redistributing Group 1 by increasing the total distribution of those vehicles in that
age group by 10% and proportionally decreasing the distributions in Group 2 and 3. The second run
consisted of redistributing Group 2 by increasing the total distribution of those vehicles by 10% and
proportionally decreasing the distributions of Groups 1 and 3. The third run consisted of redistributing
Group 3 distribution by increasing the total distribution of those vehicles by 5% and proportionally
decreasing the distributions in Groups 1 and 2. Group 3 was only increased by 5% because typically
vehicles that are between 21-30 years old only make up approximately 3% of the total vehicle population.
Therefore, a 5% redistribution accounts for over a 100% increase in vehicles 21-31 years old.

Average Speed Distribution

Average speed distribution was analyzed by comparing emission rates associated with different Levels of
Service (LOS). LOS is a qualitative measure of traffic flow on a roadway and is described in the “Highway
Capacity Manual 2010™. LOS B represents speeds at or near free-flow conditions and freedom to select
desired speeds are unaffected. LOS C represents speeds at or near free-flow conditions and the freedom
to select desired speeds can be restricted. LOS D represents conditions of decreased speed at volume
increases and limited ability to maneuver across lanes. LOS E represents conditions at or near roadway
capacity and maneuverability is extremely limited. LOS F represents a breakdown in vehicle flow where
volume can temporarily exceed the roadway capacity which causes the formation of queues and low
travel speeds. The ‘Baseline Case’ utilizes the national default average speed distribution for the 8AM-
9AM hour. Drive schedule data associated with various LOS contained in the MOVES default database
driveschedule and driveschedulesecond tables for Urban Interstate, Urban Principal Arterial Freeway,
and Urban Principal Arterial other were analyzed. The second by second data from the available LOS
drive schedules were converted into average speed distributions based upon the criteria set forth in the



avgspeedbin table in the MOVES default database. Table 3-3 lists speed ranges associated with each
average speed distribution bin.

Table 3-3. Average Speed Distribution Bins

Average Bin

Bin ID Speed Average Speed Bin Range
1 25 speed < 2.5mph
2 5 2.5mph <= speed < 7.5mph
3 10 7.5mph <= speed < 12.5mph
4 15 12.5mph <= speed < 17.5mph
5 20 17.5mph <= speed <22.5mph
6 25 22.5mph <= speed < 27.5mph
7 30 27.5mph <= speed < 32.5mph
8 35 32.5mph <= speed < 37.5mph
9 40 37.5mph <= speed < 42.5mph
10 45 42.5mph <= speed < 47.5mph
11 50 47.5mph <= speed < 52.5mph
12 55 52.5mph <= speed < 57.5mph
13 60 57.5mph <= speed < 62.5mph
14 65 62.5mph <= speed < 67.5mph
15 70 67.5mph <= speed < 72.5mph
16 75 72.5mph <= speed




4 Results

Results associated with each MOVES input parameter evaluated in the analysis are discussed in
Sections 4.1 through 4.8. Each section displays a figure of one or more pollutants and discusses the
trends as well as the magnitude of change associated with the input parameter. A complete set of figures
and detailed tables for CO, NOy, PM, s, and VOCs results for all input parameters analyzed are found in
Appendices A through F.

4.1 Temperature — Running Exhaust

Temperature results from this analysis were compared with the results of the EPA temperature sensitivity
analysis. In most cases the results from both analyses show similar trends across all pollutants and
sensitivity ranges for gasoline fueled vehicles. However, there are cases where the results from the two
analyses differ, specifically for CO and VOC emissions associated with diesel vehicles. The results from
this analysis indicate no sensitivity associated with diesel vehicles for CO and VOC to temperature, while
the EPA analysis indicates sensitivities between 60" and 100" Fahrenheit for diesel vehicles. This
difference was raised with EPA and is being investigated.

CO and VOC experience similar trends with an increase in emission rates as temperature increases
between 60" and 100" Fahrenheit for passenger cars, passenger trucks, and light commercial trucks which
are mainly gasoline fueled vehicles. Vehicles which are mainly diesel fueled (Buses, Single-Unit, and
Combination Trucks) do not show any change in emission rates as temperature is varied. Figure 4-1
displays the change in CO emission rates associated with the changing temperature input values.

Figure 4-1. CO Temperature Sensitivity
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Passenger car emissions rates increased between temperatures of 60" and 100° Fahrenheit by 82% for
CO and 17% for VOC. For the same temperature range, passenger truck CO and VOC emission rates
increased by 74% and 15%, respectively. Light commercial truck CO and VOC emission rates increased
by 75% and 16%, respectively. The full set of temperature sensitivity result tables for CO and VOC are
found in Appendix A.

NOy emission rates are not sensitive for temperatures below 40’ Fahrenheit, but are sensitive between
the temperature ranges of 40" and 100’ Fahrenheit for all vehicles. Figure 4-2 displays the change in NOy
emission rates associated with varying temperature model input. For temperature values above 100°
Fahrenheit, NOyx emission rates show no sensitivity across all vehicle types evaluated. For passenger
cars, passenger trucks, and light commercial trucks, NOyx emission rates decrease for temperatures
between 40" and 60" Fahrenheit, and increase for temperatures between 60 and 100° Fahrenheit. For
buses and trucks, NOy emission rates decrease as temperature increases between 40" and 100’
Fahrenheit.

Figure 4-2. NOx Temperature Sensitivity
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Passenger car NOy emission rates increased by 32% between 60" and 100 Fahrenheit, with passenger
and light commercial trucks experiencing a similar increase in NOyx emission rates in that temperature
range. NOyx emission rates for single-unit trucks, combination trucks, and buses, decreased by 20%
between 60 and 100" Fahrenheit. The full set of temperature sensitivity result tables for NOy is found in
Appendix A.

Figure 4-3 displays the change in PM, 5 emission rates associated with the changing temperature model
input. PM, 5 emission rates for passenger cars, passenger trucks, and light commercial trucks experience



no sensitivity for temperatures above 80 Fahrenheit. However, the PM, s emissions rates show
considerable change for these same vehicle types at temperatures below 60  Fahrenheit. The PM, s
emission rates for passenger cars, passenger trucks, and light commercial trucks significantly increase as
temperature drops below 60  Fahrenheit. For example, PM, s emission rates for passenger cars are 558%
higher at 0 Fahrenheit than at 60° Fahrenheit for the ‘Baseline Case’. For buses and trucks, PM, 5
emission rates are not sensitive for temperatures below 60 Fahrenheit. PM, s emissions rates for these
vehicles slightly increase (below 0.05%) as temperature is increased above 60 Fahrenheit. The full set of
temperature sensitivity result tables for PM, 5 is found in Appendix A.

Figure 4-3. PM,s Temperature Sensitivity
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4.2 Temperature — Starts

Vehicle start emissions generated during the first few minutes of driving generate emissions which
are higher than normal running emissions. This is due to emission-control equipment not being at its
optimal operating temperature. There are two components of vehicle starts that contribute to this
affect: vehicle soak time and ambient temperature. This analysis only focused on the sensitivity of
the ambient temperature component.

CO and VOC emission rates for starts experience similar trends as ambient temperature is varied. Figure
4-4 displays the change in CO emission rates for starts associated with varying temperature inputs.



Figure 4-4. Starts CO Temperature Sensitivity
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CO and VOC emission rates for starts are not sensitive for ambient temperatures above 80" Fahrenheit
across all vehicle types. Passenger car, passenger truck, and light commercial truck CO emission rates
for starts are 242%, 122%, and 110% higher, respectively, at 0’ Fahrenheit compared to the ‘Baseline’
case at 60° Fahrenheit. CO emission rates for starts of buses, single-unit, and combination trucks ranged
between 30%-68% higher at 0’ Fahrenheit compared to the ‘Baseline’ case at 60’ Fahrenheit.

The VOC emission rates for starts of passenger cars, passenger trucks, and light commercial trucks are
426%, 215%, and 213% higher, respectively, at 0’ Fahrenheit compared to emission rates at 60"
Fahrenheit. VOC emission rates for starts of buses, single-unit, and combination trucks are all 387%
higher at 0’ Fahrenheit compared to the ‘Baseline’ case at 60° Fahrenheit. It is noted that the VOC
emission rates for starts of buses, single-unit, and combination trucks experience the same trend in that
the percentage change associated with the temperature variation does not differ across these vehicle
types. The full set of temperature sensitivity result tables for CO and VOC associated with starts is found
in Appendix A.

Figure 4-5 displays the change in NOx emission rates for starts associated with changing temperature
model inputs.



Figure 4-5. Starts NOx Temperature Sensitivity
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NOyx emission rates for starts are not sensitive for ambient temperatures above 80’ Fahrenheit across all
vehicle types. The NOy emission rates for starts of passenger cars, passenger trucks, and light
commercial trucks range from 20% to 30% higher at 0 Fahrenheit, compared to emission rates at 60"
Fahrenheit for these vehicle types. NOy emission rates for starts of school buses, single-unit, and
combination trucks are all 387% higher at 0’ Fahrenheit, compared to the ‘Baseline’ case at 60°
Fahrenheit. It is noted that NOy emission rates for starts of buses, single-unit, and combination trucks
experience the same trend in the percentage change associated with the temperature variation across
these venhicle types. The full set of temperature sensitivity result tables for NOy associated with starts is
found in Appendix A.

Figure 4-6 displays the change in PM, s emission rates for starts associated with different temperature
model inputs. The PM, s emission rates for starts of buses, single-unit trucks, and combination trucks
illustrate very little sensitivity to temperature changes. The overall percent change in emission rates for
starts across temperatures is less than 1%. PM, s emission rates for starts of passenger cars, passenger
trucks, and light commercial trucks experience significant sensitivity at lower temperatures. The percent
change in PM, s emission rates for starts of these vehicle types ranges from 1,108% to 1,444% higher at
0’ Fahrenheit, compared to the ‘Baseline’ case at 60° Fahrenheit. The full set of temperature sensitivity
result tables for PM, s associated with starts is found in Appendix A.
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Figure 4-6. Starts PM, 5 Temperature Sensitivity
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Overall, the temperature results for starts from this analysis experience similar trends to those observed
in the EPA Sensitivity Analysis for all pollutants and vehicle types.

4.3 Temperature — Evaporative Emissions

Three emissions processes were analyzed associated with evaporative emissions. They include
evaporative fuel leaks, evaporative fuel vapor venting, and evaporative permeation. The VOC emission
rates (grams/hour) were analyzed to determine sensitivity to temperature. VOCs are the only pollutant
within the scope of the analysis that can be modeled with the Evaporative pollutant processes within
MOVES. Only passenger car, passenger truck, and light commercial truck vehicle types were available
for inclusion in the sensitivity analysis of evaporative emission rates.

VOC emission rates for passenger cars, passenger trucks, and light commercial trucks did not experience
any sensitivity associated with temperature for the evaporative fuel leaks and evaporative fuel vapor
venting emission processes. However, VOC emission rates for the evaporative permeation emission
process are sensitive to temperature. Figure 4-7 displays the change in VOC emission rates for
evaporative permeation associated with varying temperature. VOC emission rates for evaporative
permeation increase with higher temperatures across all vehicle types analyzed. The VOC emission
rates for these vehicle types vary by between -96% at -20° Fahrenheit and approximately 1,000% at 120
Fahrenheit, relative to the baseline case. A detailed table of results of temperature sensitivity for
evaporative permeation is found in Appendix A.
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Figure 4-7. Evaporative Permeation - VOC Temperature Sensitivity

VOC - Temperature Sensitivity - Evaporative Permeation
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4.4 Humidity — Running Exhaust

Humidity was analyzed at temperatures of 60 (the temperature of the ‘Baseline Case’) and 80
Fahrenheit. Two temperature values were utilized because CO, PM, 5, and VOC emission rates were not
found to be sensitive to changes in humidity at 60" Fahrenheit. Only NOx emission rates are sensitive to
humidity for both temperature values analyzed. However, at 80° Fahrenheit there are sensitivities for the
emission rates of CO, PM, 5, and VOC for passenger car, passenger truck, and light commercial truck
vehicle types. Neither buses, single-unit, nor combination trucks indicated sensitivities for these
pollutants. The percent change in CO emission rates for these vehicle types ranged from an approximate
5% decrease at 0% humidity, to an increase of approximately 8% at 100% humidity, when compared to
the ‘Baseline Case’. The percent change in VOC emission rates due to the variation of humidity values
shows a similar trend as CO emissions rates. The percent change in VOC emission rates for these
vehicle types ranged from an approximate 1.5% decrease at 0% humidity to an increase of approximately
2% at 100% humidity when compared to the ‘Baseline Case’ humidity. The sensitivity associated with
PM, 5 for these vehicle types is negligible at 80" Fahrenheit, and varied only 0.01% across the entire
humidity range. The full set of humidity sensitivity result figures and tables for CO, PM, s, and VOC is
found in Appendix B.

Figure 4-8 and Figure 4-9 display the change in NOx emission rates with varying humidity inputs at
temperatures of 60 and 80" Fahrenheit, respectively.
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Figure 4-8. NOx Humidity Sensitivity - 60° Fahrenheit

NO, - Humidity Sensitivity - 60° F
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NOy emission rates decrease as humidity values increase across all vehicle types for both 60" and 80"
Fahrenheit. At 60" Fahrenheit, passenger cars, passenger trucks, and light commercial trucks NOy
emission rates experience an approximately 6% increase (at 0% humidity) to a decrease of approximately
12% (at 100% humidity), when compared to the ‘Baseline Case’. At a temperature of 80" Fahrenheit,
NOyx emission rates for these vehicle types experience an approximately 13% increase (at 0% humidity)
to a decrease of approximately 11% (at 100% humidity), when compared to the ‘Baseline Case’.

For buses, single-unit trucks, and combination trucks the NOx emission rates illustrate the same trends.
However, the trends for these vehicle types do vary slightly when comparing the two temperatures
analyzed. At 60  Fahrenheit, the emission rates increase by 4% (at 0% humidity) and decrease by 9% (at
100%) for these vehicle types. At 80 Fahrenheit, the emission rates increase by 15% (at 0% humidity) to
a decrease of 12% (at 100% humidity), when compared to the ‘Baseline Case’. The full set of humidity
sensitivity result figures and tables for NOy is found in Appendix B.

The humidity results illustrate the same trends observed in the EPA sensitivity analysis for humidity at
temperatures of 60" and 80 Fahrenheit. EPA has conducted a more rigorous analysis of humidity and
analyzed more temperature profiles than contained in this analysis.
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Figure 4-9. NOx Humidity Sensitivity - 80" Fahrenheit

NO, - Humidity Sensitivity - 80° F
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4.5 Ramp Fraction — Running Exhaust

The emission rate results for varying ramp fraction experience a linear response for all vehicle types across
all pollutants. In general, the emission rate increases as ramp fraction increases. Exceptions occur for
VOC emission rates associated with intercity, transit buses, short and long-haul combination trucks, where
the emission rates slightly decrease as ramp fraction increases.

Figure 4-10 displays the change in CO emission rates associated with varying the ramp fraction input in
MOVES. The CO emission rates for passenger cars and trucks change by approximately 1% (and 0.5% for
light commercial trucks) for every 0.01 change in ramp fraction value. There is very little sensitivity
associated with ramp fraction for CO emission rates of buses, single-unit, and combination trucks. For
those vehicle types CO emission rates typically vary by less than 1% through the entire range of ramp
fraction values (Ramp fraction of 0.0 to 0.20).
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Figure 4-10. CO Ramp Fraction Sensitivity
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VOC emission rates for buses, single-unit, and combination trucks experience the same trend as CO for
ramp fraction in that there is very little sensitivity to the input parameter over the entire range of ramp
fraction values. VOC emission rates for passenger cars, passenger trucks, and light commercial trucks are
more sensitive to ramp fraction and vary by £ 2.9%, 2%, and + 1.2%, respectively, relative to the ‘Baseline
Case’ (National Default of 0.08 ramp fraction value) between the range of ramp fraction values of 0 and
0.16.

NOy emission rates for passenger cars varied by + 2%, and by +1% for passenger trucks over the range of
0 and 0.16. The emission rates for intercity buses, transit buses, and school buses vary by + 0.5%, +1.2%,
and +2.9%, respectively. Combination long-haul trucks experience no sensitivity due to ramp fraction while
combination short-haul trucks vary by less than + 0.05%. NOyx emission rates for single-unit short haul and
single-unit long-haul trucks are more sensitive to ramp fraction, varying by +3.8% and +4.2% respectively,
when compared to the other vehicle types for the range of ramp fraction values of 0 to 0.16.

PM, 5 emission rates are more sensitive to ramp fraction compared to the other pollutants, especially for
passenger cars and trucks. PM, s emission rates for passenger cars and passenger trucks change 2%
and +1.5%, respectively, for every 0.01 change in ramp fraction value. Light commercial trucks experience
an approximate = 1% change for every 0.01 change in ramp fraction value. PM, s emission rates for
intercity buses, transit buses, and school buses vary by + 2.1%, + 3.3%, and +4.1% respectively, for the
range of ramp fraction values of 0 and 0.16. Single-unit and combination trucks PM, s emission rates vary
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within + 3.1% for the range of ramp fraction values of 0 and 0.16. The full set of ramp fraction sensitivity
result figures and tables for CO, NOx, PM, 5, and VOC is found in Appendix C.

4.6 Analysis Year — Running Exhaust

The emissions rates by analysis year significantly decrease between the years 2010 and 2020 for all
pollutants across all vehicle types. In general, there is a significant decrease in emissions rates between
the 2020 and 2030 modeling years, although not as dramatic compared to the emission rates decrease
between 2010 and 2020. Between 2030 and 2050, emissions rates decrease in a more gradual manner or
level off. These trends are typical across all pollutants and vehicles types.

Figure 4-11 displays the change in NOx emission rates associated with analysis year. The NOyx emission
rates for passenger cars decreased by approximately 80% between the 2010 and 2020 modeling years.
The passenger truck NOy emission rate decreases by approximately 56% and for light commercial trucks
emission rate decreases by 50.5% for the same time period. The NOx emission rates for buses are
between 66% and 70% lower in 2020, as compared to 2010. In 2030, the NOy emission rates for buses are
between 85% and 90% lower, as compared to 2010. For single-unit and combination trucks, NOx emission
rates are 64% to 74% lower in 2020, compared to 2010. In 2030, the NOyx emission rates are 82% to 89%
lower than the 2010 NOy emission rates for these vehicle types.

Figure 4-11. NOx Analysis Year Sensitivity

NO, - Analysis Year Sensitivity
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The CO emissions rates for passenger cars, passenger trucks, and light commercial trucks decrease from
42% to 49% between the 2010 and 2020 modeling years. For buses, the CO emission rates decrease by
58% to 62% in 2020, compared to 2010. Single-unit and combination truck CO emission rates are 66% to
72% lower in 2020, compared to 2010.

Between 2010 and 2020 the PM, 5 emissions rates for passenger cars, passenger trucks, and light
commercial trucks decrease between 22% and 37%. PM, s emissions rates for buses experience a 67% to
72% decrease in that same time period. PM, s emissions rates for single-unit and combination trucks are
between 70% and 81% lower in 2020, compared to 2010.

VOC emissions rates are between 58% and 81% lower for passenger cars, passenger trucks, and light
commercial trucks in 2020 compared to 2010. VOC emissions rates for buses are between 62% and 67%
lower for that same time period. Single-unit and combination truck VOC emission rates are 65% and 79%
lower in 2020, compared to 2010.

Appendix D contains all tables and figures that summarize the sensitivity results for all pollutants and
vehicles types associated with analysis year.

4.7 Age Distribution — Running Exhaust

As mentioned in Section 3, for conducting the sensitivity analysis the 31 vehicle age ranges were divided
into three groupings. Group 1 represents vehicles 0-10 years old, Group 2 represents vehicles 11-20 years
old, and Group 3 represents vehicles 21-30 years old. The vehicle age distributions were redistributed
proportionally based upon the default age distributions for each of the three groups. Three sensitivity runs
were conducted. The first run consisted of redistributing Group 1 by increasing the total distribution of those
vehicles in that age group by 10% and proportionally decreasing the distributions in Group 2 and 3. The
second run consisted of redistributing Group 2 by increasing the total distribution of those vehicles by 10%
and proportionally decreasing the distributions of Groups 1 and 3. The third run consisted of redistributing
Group 3 distribution by increasing the total distribution of those vehicles by 5% and proportionally
decreasing the distributions in Groups 1 and 2. Group 3 was only increased by 5% because typically
vehicles that are between 21-30 years old make up only +3% of the total vehicle population. Therefore, a
5% redistribution accounts for over a 100% increase in vehicles 21-31 years old. Figure 4-12 displays the
change in CO emission rates associated with varying age distribution within MOVES.

The CO emission rates decrease within the range of 17% to 19% when the distribution of newer vehicles in
Group 1 is increased for passenger cars, passenger trucks, and light commercial trucks. For these vehicle
types the CO emission rates increases within the range of 11% to 16% as the distribution of older vehicles
are increased in Group 2 and Group 3.

The CO emission rates for buses, single unit and combination trucks all have the same trend as age
distribution is varied. The CO emission rates decrease within a range of 6% to 13% when the distribution of
newer vehicles in Group 1 is increased and increase as the distribution of older vehicles increases within a
range of 1% to 13% in Group 2 and Group 3 when compared to the ‘Baseline Case'.

The NOy emission rates decrease within a range of 8% to 20% when the distribution of newer vehicles in
Group 1 is increased for passenger cars, passenger trucks, light commercial trucks, buses, single unit and
combination trucks. For these vehicle types the NOy emission rates increases within a range of 2% to 16%
as the distribution of older vehicles are increased in Group 2 and Group 3 when compared to the ‘Baseline
Case’.
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Figure 4-12. CO Age Distribution Sensitivity
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The PM, s emission rates decrease within a range of 7% to 20% when the distribution of newer vehicles in

Group 1 is increased for passenger cars, passenger trucks, light commercial trucks, buses, single unit and
combination trucks. For all vehicle types the PM, s emission rates increase within a range of 3% to 20% as
the distribution of older vehicles are increased in Group 2 and Group 3 compared to the ‘Baseline Case’.

The VOC emission rates decrease within a range of 20% to 29% when the distribution of newer vehicles in
Group 1 is increased for passenger cars, passenger trucks, and light commercial trucks. For these vehicle
types the VOC emission rates increase within a range of 14% to 24% as the distribution of older vehicles
are increased in Group 2 and Group 3. The VOC emission rates for buses, single-unit, and combination
trucks all have the same trend as age distribution is varied. The VOC emission rates decrease within a
range of 5% to 11% when the distribution of newer vehicles in Group 1 is increased for these vehicle types.
The VOC emission rates increase within a range of 1% to 11% as the distribution of older vehicles are
increased in Group 2 and Group 3 when compared to the ‘Baseline Case’.

Appendix E contains all tables and figures which includes the sensitivity results for all pollutants and vehicle
types that are associated with age distribution.
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4.8 Average Speed Distribution — Running Exhaust

Figure 4-13 through Figure 4-15 displays the change in PM, 5 emission rates associated with changing
average speed distributions within MOVES representing various LOS for different functional classes. Only
results for PM, s emission rates are discussed in this section and figures and detailed result tables for all
pollutants are located in Appendix F.

In general, Urban Interstate and Principal Arterial Freeways experience similar trends across most vehicle
types for PM, 5 in that emission rates increase as the LOS deteriorates with the exception of LOS F where
PM, s emission rates are dramatically higher compared to the ‘Baseline Case’. However, an opposite trend
is observed for passenger cars and passenger trucks where the emission rates decrease as LOS
deteriorates. For these vehicles, LOS F PM, 5 emission rates are lower than LOS B, C, D, and E.

Figure 4-13. PM, s Average Speed Distribution Sensitivity Urban Restricted Access
— Interstate
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The PM, s emission rates for passenger cars and passenger trucks vary between -6% and -16% on Urban
Interstates and Principal Urban Arterial Freeways across the various LOS when compared to the ‘Baseline
Case’. PM,semission rates for light commercial trucks vary between -13% and 20% on these functional
classes for the various LOS.

The PM, s emission rates for buses vary between -20% and 40% on Urban Interstates and Principal Urban
Arterial Freeways across the various LOS when compared to the ‘Baseline Case’. While refuse trucks and
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motor homes vary between -23% and 43%. The PM, s emission rates for single-unit and combination trucks
vary between -26% and 53%.

Figure 4-14. PM, s Average Speed Distribution Sensitivity Urban Restricted Access
— Principal Arterial Freeway
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PM, 5 emission rates for passenger cars and passenger trucks on the principal Urban Arterial Other
functional class varies between -12% and 49% across the various LOS when compared to the ‘Baseline
Case’ while light commercial trucks vary between -14% and 84%.

On the Principal Urban Arterial Other, PM, 5 emission rates for buses vary between -12% and 85% when
comparing the various LOS to the ‘Baseline Case’. PM, s emission rates for refuse trucks and motor homes
vary between -14% and 100%. Single-unit and combination truck PM, s emission rates vary between -14%
and 97% across the various LOS for this functional class.
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Figure 4-15. PM; 5 Average Speed Distribution Sensitivity Urban Unrestricted

Access — Principal Arterial Other

Emission Rate (gramsimile)

1.8

1.6

PM, - Average Speed Distribution - Urban Unrestricted Access - Principal Arterial Other

M Baseline

B LOSB

= LOSC
w LOSF

MOVES Source Type

21




5 Summary

The results of the analysis highlight the sensitivity of selected parameters within MOVES2010a. The
input parameters analyzed have been ranked based upon their respective effect on vehicle emission
rates. This ranking, along with the ability of the air quality practitioner to manipulate these parameters
within the model are important considerations.

Table 5-1 lists the various input parameters by the maximum change in emission rates for passenger cars
for the Criteria Pollutants selected for analysis. When the percent change in emission rates for other
vehicle types is greater than passenger cars, notation has been included in the Comment column. The
total range of emission rate change is listed for both running emissions and starts for the Temperature
input parameter. It should be noted that pollutant emissions change at different rates, and in some cases
passenger cars change to a lesser degree than other vehicle types, and above all, comparisons are
always made to the ‘Baseline Case’ emission rate. Each input variable is discussed below.

Temperature

Temperature is a very sensitive parameter across all pollutants and vehicle types. The results from this
analysis showed similar trends to the temperature and humidity sensitivity analysis conducted by EPA.
Although this variable has a large effect, the degree to which it may be varied is highly dependent on the
location of the analysis and regional conformity rules or SIP guidance.

Analysis Year

Analysis Year is a very sensitive parameter especially between the years 2010 and 2020 where emission
rates are seen to decrease significantly as shown in Table 5-1. There is also a significant decrease in
emission rates between the years 2020 and 2030 for most vehicle types. Emission rates decrease at a
noticeably reduced rate between the years 2030 and 2040 and remain relatively unchanged for the period
2040 to 2050 due to MOVES model assumptions of vehicle fleet turnover and emission controls in place.
Given the analysis year requirements for conformity and SIP purposes, users may not have a lot of
flexibility in varying analysis years. Itis still important to understand the impact of different analysis years
on emissions rates especially in the context of prioritizing regionally significant projects inTransportation
Improvement Programs and Long Range Plans. There is clearly a project timing element of benefit to the
air quality practitioner.

Vehicle Age Distribution

Age Distribution of the vehicle fleet is a parameter often analyzed by air quality practitioners prior to
implementing an associated emission reduction strategy. A proportional increase of 10 percent in the
distribution of vehicles less than 10 years old in the fleet caused a reduction in vehicle emission rates by
approximately 16 percent for CO, 12 percent for NOy, 11 percent for PM,s. Gasoline powered vehicles
showed a decrease of 28 percent. As expected, an older fleet with a 10% greater distribution of vehicles
between 11 and 20 years old resulted in an increase in emission rates across all pollutants. This trend
continued when increasing the proportion of the oldest set of vehicles between 21 and 30 years old.

22



Table 5-1. Maximum Range of Change for Criteria Pollutants

Inout Parameter Range of Input Pollutant Emission Rate % Comment
P Values Evaluated Change
CO, running 0-82
NOX, running 0-32 Light Commercial Trucks
PM_ s running -22 — 2225
Temperature 40 — 120°
CO start -43 — 468
NOX start -8-51 Buses, Light Duty and Combination Trucks
PM_ s start -43 — 9600
CO 0--49.3 All other vehicle types
. Buses, Single Unit Short-Haul and
Analysis Year 2010 — 2050 NOX 0--86 Combination Long-Haul Trucks
PMas 0--36 Buses and all Trucks
co 16.7-13.3 Passenger Trucks and Light Commercial
Trucks
Age Dist. Group1-3 NOX -19.6 - 10.4 -
PM:s -19.2 -20.5 R
CcoO -8-12 -
Ramp Fraction 0-0.2 NOX -2-3 Single Unit and Combination Trucks
PMz5 -15-22 -
CO@80°F -5.42-8.21 -
NOX@60°F -13.09 — 5.86 -
Humidity 0-100 % : p
NOX@80°F 11.03 — 14.76 Buses, Pass. Truc_l(s, Single Unit and
Combination Trucks
PM,s@80°F -0.01-0.01 -
(60) -5.34 - 4.55 Buses and all Trucks
Speed Dist. .
Interstate LOSB-F NOX -1.25-6.01 All other vehicle types
PM_s -16.48 — -5.85 All other vehicle types
All other vehicles with the exception of
Sveed Dist co 523--133 Passenger Trucks and Refuse
eed Dist.
,greeways LOSC,D, E NOX -2.05-3.9 All other vehicle types
PM_s -8.43 - -4.51 All other vehicle types
Buses, Light Commercial Trucks, Single-Unit
Sveed Dist co -11.92-53.23 and Combination Trucks
eed Dist.
Xrterials* LOSB,C,F NOX -4.96 — 20.03 All other vehicle types
PM_s -11.57 - 43.38 All other vehicle types

*See text on this variable
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Ramp Fraction

Ramp Fraction can be a sensitive input parameter dependent on vehicle and fuel type. A common
observation for almost all vehicle types across all pollutants was that emission rates and Ramp Fraction
change in a similar manner. That is, as the Ramp Fraction increases, so do emissions rates. For
example, the emissions for CO increased markedly for gasoline fueled vehicles as ramp fraction
increased. Diesel emissions of CO remained relatively flat showing a dependence on fuel type within the
model. Alternatively, the emissions rate for PM, s showed an increase for diesel fueled vehicle with
increased ramp fraction while gasoline emissions remained relatively constant. This parameter will be
greatly controlled by the highway geometric design and often related to the amount of activity along a
freeway or interstate. Near the urban core, ramps will likely occur more often than in more rural settings.

Humidity

Emission rates for NOx and CO were the most sensitive pollutants to changes in humidity. The results
from this analysis showed similar trends to the temperature and humidity analysis conducted by EPA. In
the case of CO, gasoline fueled vehicles showed increased emissions as humidity increased, while for
NOXx, the diesel fueled vehicles were most affected. All other vehicle types remained relatively insensitive
to changes in humidity. As with temperature, the values used for humidity are defined by the season and
location. The degree to which these can be changed will be limited.

Average Speed Distribution

This MOVES Sensitivity Analysis examined only three functional classes; interstates, freeways, and
arterials. The results varied significantly for the functional class being analyzed. The average speed for
each functional class was associated with different groupings of Level of Service (LOS) by functional
class. Not all LOS data contained within the MOVES model were available for analysis for each functional
class. Interstates included LOS B through F, freeways were limited to LOS C through E, and arterials only
included LOS B, C and F. The different LOS as well as facility types resulted in different speed
distributions for each functional class category.

The emission rates associated with Average Speed Distributions representing LOS B, C, and D generally
varied by only a few percentage points across all pollutants and vehicle types. Results for CO were
varied for all vehicle types and should be examined individually by the reader in the table and figures
located in Appendix F. The emissions rates associated with LOS E showed a larger variation than LOS
B, C or D, while emission rates associated with LOS F were significantly higher. It was also observed that
the ‘Baseline case’ exhibited an emission rate between LOS E and F, indicating use of default values
causes the analysis to be evaluated on the basis of an E+ LOS. This would imply a congested condition
if the default values in the MOVES Model are used. This is an indication that local data should be
obtained and used whenever possible. Of particular significance is the average speed distribution for
arterials. This functional classification shows a much greater change in emission rates when varying LOS
than the other facility types.

Although identifying and changing the average speed distribution parameter is one of the more complex
substitutions associated with MOVES due to the multiple drive schedules applied, the increased accuracy
of the analysis that results will be noticeably improved. Vehicle activity information will generally be
derived from either a Traffic Demand Model or the Highway Performance Monitoring System (HPMS) and
in cases of design or existing traffic where expected congestion is better than LOS E, this is particularly
important and would result in lower analyzed emission rates.
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Summary

In general, the input variables described in this study cannot be readily changed. Temperature and
humidity depend on the season and location and must be selected using either conformity or SIP
guidelines. The analysis year is a function of the type of regional analysis being conducted and is
primarily dictated by guidelines for these analyses (e.g., conformity determination or SIP analysis).
Vehicle age distribution is directly related to the region analyzed although programs such as vehicle
replacement could have a significant effect. Ramp fraction is a function of geometric design and is
generally greater in more urbanized areas. Average speed distribution is a function of traffic volume,
vehicle mix, and geometric design. Even so, it is important for the analyst to be aware of how these
variables affect a regional analysis and the information contained in this report should inform in that
regard. This allows input during the design phase of the projects and could result in a better analytical
design in regards to air quality.

Even more important is not to rely on default data or assumptions if it is possible to obtain local data.
This is especially true for vehicle age distribution and average speed distribution with related drive
schedules. For example, defaulting to the MOVES average speed distribution would result in a LOS E+
being incorporated in the analysis. This heavy congestion may not exist or may not be the outcome of a
final design and if used could result in higher emission rates than would occur if the actual speed
distribution were used. Local data should be used in place of defaults where possible. Temperature and
humidity are location specific and the user will most likely not have any flexibility in altering these values
due to requirements of SIPs and conformity guidance requirements. The analysis year will also be
defined by conformity guidelines. Omitting the temperature and humidity parameters due to these
reasons, the order of impact for including local data would be as follows:

e Average speed distribution for arterials

e Vehicle age distribution

e Ramp fraction

e Average speed distribution for interstates
e Average speed distribution for freeways

A general guide for increased accuracy when calculating on-road mobile source emissions is to use as
much locally generated data as possible.
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Appendix A. Temperature Sensitivity Results

Carbon Monoxide (CO) — Running Exhaust

Figure A-1. CO Temperature Sensitivity
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