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	Date:   
	November 4, 2002

	Subject:   
	Evaluation of the contribution of Mobile Source and Road Dust emissions to visibility impairment at the 16 Class I Areas on the Colorado Plateau




Executive Summary

At the request of the WRAP Mobile Sources Forum (MSF), as part of the Section 309 SIPs, the contribution of Mobile Source and Road Dust emissions to visibility impairment at the 16 Class I Areas on the Colorado Plateau were evaluated using the Models-3/CMAQ regional air quality model.   Mobile Source emissions have been defined by the MSF as tailpipe, evaporative, and tire and brake wear emissions from on-road and off-road mobile sources.  Road Dust emissions have been defined by the MSF as re-entrained roadway fugitive dust emissions from on-road mobile sources.  The MSF asked the WRAP Regional Modeling Center under the direction of the Modeling Forum to evaluate the impact of Mobile Source and Road Dust emissions for 3 types of geographic areas:

1) Cumulatively for the 9 Grand Canyon Visibility Transport Commission (GCVTC) states;

2) California; and

3) Two specific urban areas (Phoenix and Las Vegas) with greater than 250,000 population in their associated Metropolitan Statistical Areas.

This evaluation examines the visibility impacts from Mobile Source Emissions against 3 calculated future visibility conditions:

1) EPA Natural Conditions visibility values for the worst days (EPA, 2001b);

2) Modeled 2018 WRAP Base Case Conditions visibility values; and

3) The man-made contribution to projected visibility impairment in 2018, i.e., the difference between EPA Natural Conditions and projected 2018 WRAP Base Case Conditions.

Table 1 summarizes the Mobile Source Cumulative Impact on visibility at the 16 Class I Areas compared to EPA Natural Conditions, 2018 WRAP Base Case Conditions, and the man-made visibility impairment fraction predicted in 2018.

Table 1.  Percent change in visibility extinction over EPA Natural Conditions, 2018 WRAP Base Case Conditions, and the man-made visibility impairment fraction predicted in 2018 for the Cumulative Impact of Mobile Source Emissions in the 9 GCVTC States.

	Class I Area on the

Colorado Plateau
	EPA

Natural

Conditions
	2018

Base Case Conditions
	% of 2018 Man-made Visibility Impairment

	Arches NP
	22%
	12%
	26%

	Black Canyon NP
	20%
	11%
	28%

	Bryce Canyon NP
	12%
	8%
	25%

	Canyonlands NP
	19%
	11%
	26%

	Capitol Reef NP
	26%
	14%
	29%

	Flat Tops Wilderness
	19%
	11%
	28%

	Grand Canyon NP
	25%
	14%
	32%

	Maroon Bells Wilderness
	24%
	13%
	28%

	Mesa Verde NP
	11%
	6%
	15%

	Mount Baldy Wilderness
	19%
	8%
	13%

	Petrified Forest NP
	22%
	12%
	25%

	San Pedro Parks WA
	9%
	5%
	11%

	Sycamore Canyon WA
	28%
	14%
	26%

	West Elk Wilderness
	21%
	12%
	27%

	Weminuche Wilderness
	16%
	9%
	22%

	Zion NP
	17%
	11%
	34%


Tables 2, 3, and 4 display the Mobile Source individual areas’ contribution for California, Phoenix, and Las Vegas to visibility at the 16 Class I Areas on the Colorado Plateau using, respectively, EPA Natural Conditions, 2018 WRAP Base Case Conditions, and the man-made visibility impairment fraction predicted in 2018.

Table 2.  Percent change in light extinction over EPA Natural Conditions at the 16 Class I Areas on the Colorado Plateau due to Mobile Source Emissions from the 9 GCVTC States, California, Phoenix, and Las Vegas.

	Class I Area 

on the Colorado Plateau
	9 GCVTC

States
	CA
	Phoenix
	Las Vegas

	Arches NP
	22%
	1%
	0%
	1%

	Black Canyon NP
	20%
	2%
	0%
	0%

	Bryce Canyon NP
	12%
	4%
	0%
	1%

	Canyonlands NP
	19%
	1%
	0%
	1%

	Capitol Reef NP
	26%
	5%
	0%
	2%

	Flat Tops Wilderness
	19%
	2%
	0%
	0%

	Grand Canyon NP
	25%
	16%
	1%
	10%

	Maroon Bells Wilderness
	24%
	2%
	0%
	0%

	Mesa Verde NP
	11%
	1%
	1%
	0%

	Mount Baldy Wilderness
	19%
	2%
	6%
	0%

	Petrified Forest NP
	22%
	2%
	7%
	0%

	San Pedro Parks WA
	9%
	1%
	1%
	0%

	Sycamore Canyon WA
	28%
	15%
	4%
	0%

	West Elk Wilderness
	21%
	2%
	0%
	0%

	Weminuche Wilderness
	16%
	1%
	1%
	0%

	Zion NP
	17%
	4%
	0%
	2%


Table 3.  Percent change in light extinction over 2018 WRAP Base Case Conditions at the 16 Class I Areas on the Colorado Plateau due to Mobile Source Emissions from the 9 GCVTC States, California, Phoenix, and Las Vegas.

	Class I Area 

on the Colorado Plateau
	9 GCVTC

States
	CA
	Phoenix
	Las Vegas

	Arches NP
	12%
	0%
	0%
	0%

	Black Canyon NP
	12%
	1%
	0%
	0%

	Bryce Canyon NP
	8%
	3%
	0%
	1%

	Canyonlands NP
	11%
	1%
	0%
	0%

	Capitol Reef NP
	14%
	3%
	0%
	1%

	Flat Tops Wilderness
	11%
	1%
	0%
	0%

	Grand Canyon NP
	14%
	9%
	1%
	1%

	Maroon Bells Wilderness
	13%
	1%
	0%
	0%

	Mesa Verde NP
	6%
	1%
	1%
	0%

	Mount Baldy Wilderness
	8%
	1%
	2%
	0%

	Petrified Forest NP
	12%
	1%
	4%
	0%

	San Pedro Parks WA
	5%
	1%
	1%
	0%

	Sycamore Canyon WA
	14%
	7%
	2%
	0%

	West Elk Wilderness
	12%
	1%
	0%
	0%

	Weminuche Wilderness
	9%
	0%
	0%
	0%

	Zion NP
	11%
	3%
	0%
	1%


Table 4. Percent change in light extinction over the man-made visibility impairment fraction predicted in 2018 at the 16 Class I Areas on the Colorado Plateau due to Mobile Source Emissions from the 9 GCVTC States, California, Phoenix, and Las Vegas.

	Class I Area 

on the Colorado Plateau
	9 GCVTC

States
	CA
	Phoenix
	Las Vegas

	Arches NP
	26%
	1%
	0%
	1%

	Black Canyon NP
	28%
	2%
	1%
	0%

	Bryce Canyon NP
	25%
	9%
	1%
	2%

	Canyonlands NP
	26%
	1%
	0%
	1%

	Capitol Reef NP
	29%
	6%
	0%
	3%

	Flat Tops Wilderness
	28%
	3%
	0%
	0%

	Grand Canyon NP
	32%
	21%
	2%
	1%

	Maroon Bells Wilderness
	28%
	2%
	0%
	0%

	Mesa Verde NP
	15%
	2%
	2%
	0%

	Mount Baldy Wilderness
	13%
	1%
	4%
	0%

	Petrified Forest NP
	25%
	2%
	8%
	0%

	San Pedro Parks WA
	11%
	2%
	2%
	0%

	Sycamore Canyon WA
	26%
	13%
	4%
	0%

	West Elk Wilderness
	27%
	2%
	1%
	0%

	Weminuche Wilderness
	22%
	1%
	1%
	0%

	Zion NP
	34%
	9%
	1%
	3%


The predicted impacts from each of the mobile source simulations should be considered conservative because the 2018 off-road mobile emission estimates are likely overstated.  This is due to the following:

· EPA is currently updating the NONROAD emissions model that is reducing the off-road equipment activity that will result in significant reductions in emissions from off-road sources; 

· Because there are no rules on the books, off-road diesel sources in 2018 outside of California and Phoenix are assumed to use a high sulfur (~3000 ppm S) diesel fuel even though many off-road engines would likely use the lower sulfur (15 ppm S) on-road diesel and EPA will likely promulgate a low-sulfur diesel off-road rule for some off-road engines before 2018;

· EPA is also likely to promulgate new emission standards for some off-road engines before 2018 that would reduce their emissions.

An evaluation of the cumulative 9 GCVTC states mobile source emissions visibility impacts at several Class I Areas shows that the off-road mobile source category is responsible for approximately 75 to 80% of the Mobile Source visibility impact.  Previously a zero on-road mobile source emissions scenario was examined that eliminated all on-road mobile source emissions in the western US and the visibility impacts were in the 3 to 8% range.

Also previously, a no Road Dust emissions scenario was modeled, in which all road dust emissions from on-road mobile sources in the western US were eliminated.  The change in extinction over EPA Natural Conditions at the 16 Class I Areas ranged from less than 1 up to 3%.  Road Dust emissions from just the 9 GCVTC states would have an even lower impact that all of the western states.  However, Road Dust emissions would be expected to have a more localized impact that is not captured very well with the 36-km resolution modeling results used in the Section 309 WRAP modeling.  Thus, this issue should be reexamined at a later date during the Section 308 SIP process when higher resolution modeling results are available.

Introduction

The Western Regional Air Partnership (WRAP) is applying the Models-3/Community Multiscale Air Quality (CMAQ) regional air quality model to assess the visibility impacts at western Class I Areas.  WRAP is performing modeling to provide the technical basis for states and tribes that want to opt-in to the Section 309 SIPs.  The Section 309 SIPs adopt the recommendations of the Grand Canyon Visibility Transport Commission (GCVTC) for an SO2 emissions cap and trade program on major stationary sources in the GCVTC region (referred to as the SO2 Annex Milestone Control Strategy).  The 9 Grand Canyon Visibility Transport Commission states (GCVTC states) are eligible to opt-in to the Section 309 SIPs; they are: Arizona; California; Colorado; Idaho; Nevada; New Mexico; Oregon; Utah; and Wyoming.

Key modeling elements of the Section 309 SIPs include:

· Demonstrating that in 2018 the SO2 Annex Milestone control strategy scenario is “better than” the BART with uncertainty control strategy scenario;

· Project visibility improvement from 1996 to 2018 resulting from adopting the suite of GCVTC control strategies listed in Section 309; and

· Separate analyses of the “significance” of Mobile Source and Road Dust emissions on visibility at the 16 GCVTC Class I areas on the Colorado Plateau.

Purpose

The purpose of this Technical Memorandum is to present the results from modeling the impact of Mobile Source and Road Dust emissions at the 16 GCVTC Class I Areas.  These modeling results are based on modeling the visibility impacts from eliminating all Mobile Source or Road Dust emissions from the 2018 Base Case Conditions.

Mobile Source and Road Dust Emissions Visibility Impact Evaluation 

The Mobile Source Forum (MSF) has developed a draft document dated June 10, 2002 describing the procedures to be carried out to conduct the Mobile Source and Road Dust significance tests.  They have proposed several alternatives to define “significance”, but emphasize that no definition had been selected.  The MSF Mobile Source significance test metric is the change in extinction due to Mobile Sources over EPA Natural Conditions on the worst visibility days (with a similar metric for Road Dust emissions).  Here Mobile Source emissions are defined as all on-road and non-road tailpipe, evaporative and tire/brake wear emissions.  Road Dust emissions are defined as re-entrained roadway fugitive dust from on-road mobile sources.

The Mobile Source Significance tests involve eliminating all Mobile Source emissions (tailpipe/evaporative/break wear/tire wear) in the 2018 Base Case scenario.  The Models-3 /CMAQ modeling system was then run for the 7 months from 1996 during which ~ 95% of the Worst 20% observed visibility days occurred at the Class I Areas on the Colorado Plateau.  The impact from Mobile Sources is defined as the difference in visibility between the 2018 Base Case and the 2018 No Mobile Sources emissions scenario. The MSF significance test metric is based on the percent difference in visibility over EPA Natural Conditions due to Mobile Sources for the mean of the Worst 20% observed visibility days.  The Road Dust significance test metric is similar, only the comparison is made using a CMAQ simulation of the 2018 No Road Dust scenario in which re-entrained road dust from on-road mobile sources in the 2018 Base Case are eliminated.

Recommended Areas for Analysis

The MSF has identified up to 13 urban areas and California for separate analysis and evaluation for the Mobile Source emissions significance test.  Based on the intent of the GCVTC and the preamble to the RHR, the MSF recommends that the significance test for the Mobile Source emissions be applied only to the metropolitan statistical areas in the 9-state GCVTC transport region with populations greater than 250,000.  Based on the language in the RHR, the MSF recommends applying the Road Dust significance test on a statewide and reservation-wide basis. However, for both Mobile Source and Road Dust emissions, the MSF recommends that significance first be examined on a cumulative basis for emissions from all 9 GCVTC states.  If cumulative emissions from all 9 GCVTC states were found not to have a significant impact on visibility at the 16 Class I Areas, then clearly the impacts from an individual area within the 9 GCVTC states would also not be significant.

Working with the MSF, the Modeling Forum has developed the following priorities for performing the 2018 No Mobile Source CMAQ simulations for different regions:

· 9-state GCVTC region;

· California;

· Phoenix, Arizona (just Maricopa County); and

· Las Vegas, Nevada (just Clark County).

Maricopa and Clark Counties’ emissions were selected for the No Mobile Source emissions tests in the case of the Phoenix-Mesa and Las Vegas Metropolitan Statistical Areas (MSA), respectively, because those counties’ mobile source emissions comprise the vast majority of each MSA’s population and urban land-use area (WRAP, 2002b).  

Previously a No Road Dust simulation was performed that eliminated all road dust from on-road mobile sources across the entire CMAQ modeling domain (western US including the 9 GCVTC States, other WRAP states, and states east of the WRAP region).  These results were presented at the July 10, 2002 WRAP Technical Workshop in Denver and are repeated at the end of this memorandum.

Significance Test Metrics

Two different metrics for used for evaluating the No Mobile and No Road Dust CMAQ simulations.  For the No Mobile CMAQ simulations, EPA guidance was followed (EPA, 1997; 2001a), and used Scaled Modeling Results.  That is, the observed 1996 visibility is scaled according to the change in model-estimated visibility from the 1996 Base Case to the 2018 emission scenarios to obtain projected visibility in 2018.  

For the No Road Dust scenario we used the Absolute Modeling Results whereby the difference between the estimated visibility in the 2018 No Road Dust scenario and the 2018 Base Case is compared against the EPA Natural Conditions for the worst days.  This was done because the emission inventory is currently missing large amounts of fugitive dust emissions due to wind erosion sources.  Thus, we cannot use scaled modeling results when analyzing control scenarios involving fugitive dust emissions, such as the No Road Dust scenario.

Scaled Modeling Results

The Scaled Modeling Results significance test metric is based on EPA guidance for showing progress of the Regional Haze Rule (RHR) (EPA, 1997; 2001a).  The RHR requires that progress be demonstrated toward Natural Conditions for the Worst 20% of observed visibility days and no degradation in visibility on the Best 20% of observed visibility days.  The Mobile Source Significance Test analyzes the change in extinction for the mean of the Worst 20% observed visibility days due to the 2018 No Mobile Source Emissions Scenario over EPA Natural Conditions (EPA, 2001b).

The Scaled Modeling Results approach uses the modeling results in a relative fashion to project 2018 visibility conditions by scaling of the 1996 observed visibility.  This is done through Relative Reduction Factors (RRFs) that are applied to the current (1996) observed visibility components at the IMPROVE sites to project visibility in 2018 under the 2018 Base Case and 2018 emission scenarios. Separate RRFs are estimated for each of the major components of extinction:

SO4 (ammonium sulfate)

NO3 (ammonium nitrate)

OC (organic carbon)

EC (elemental carbon)

Soil (other fine particulate)

PMC (coarse particulate, 2.5-10 (m)

First, the observed concentrations of each major visibility component above is calculated for the mean of the Worst 20% observed visibility days at each of the 16 Class I Areas on the Colorado Plateau.  For those Class I areas without observed IMPROVE monitoring data in 1996, data from the nearest most representative IMPROVE site are used to represent the observed air quality.  RRFs consisting of the ratio of the 2018 modeling results to the 1996 Base Case modeling results are then developed for the mean of the Worst 20% observed visibility days for each Class I Area and each component of light extinction.  The RRFs are applied to each of the concentration components of light extinction and then extinction is calculated for the 2018 scenarios using the standard reconstructed mass extinction equations and the monthly average relative humidity adjustment factors [f(RH)] following EPA’s guidance (EPA, 1997; 2001a).  Extinction is obtained for the mean of the Worst 20% days as follows: 

B1996

=
1996 IMPROVE measured extinction using

monthly average relative humidity adjustment factors

BBase

=
2018 Base Case extinction projected from

measured 1996 data using model estimated RRFs

BMobile

=
2018 No Mobile Source extinction projected from measured 1996

data using model estimated RRFs

The change in extinction between the 2018 No Mobile Source and 2018 Base Case emissions scenarios is compared against EPA’s default Natural Conditions for the worst days (Bback) (EPA. 2001b). The Mobile Source Significance Metric is then defined as follows:

[100 x (BBase - BMobile)/ BBack] 


Currently there are no fugitive dust emissions due to wind erosion sources in the 1996 or 2018 emission inventories (WRAP has recently issued a contract to correct this issue).  Thus, the CMAQ estimated fine particulate Soil and Coarse Matter (CM) concentrations are underestimated.  This was readily apparent, especially for CM, in the model performance evaluations, see:

  http://pah.cert.ucr.edu/rmc/aerosol_webpage/Aerosol_CMAQ_REMSAD/1996_baseyear/
Thus, it is inappropriate to use the relative changes in model estimated Soil and CM between the 1996 and 2018 CMAQ simulations to scale the observed 1996 Soil and CM concentrations. Thus no scaling of the 1996 observed Soil and CM concentrations was performed in the 2018 projections by setting RRF(Soil)=RRF(CM)=1.0.  However, the No Road Dust scenario only affects the Soil and CM CMAQ estimates.  Thus the Scaled Modeling Approach cannot be used and instead we use the Absolute Modeling Results.

Absolute Modeling Results

For the No Road Dust scenario, we analyze the difference between the change in visibility for the mean of the Worst 20% observed visibility days in 1996 between the 2018 No Road Dust scenario and the 2018 Base Case absolute modeling results over the EPA Natural Conditions.  The form the of Road Dust Significance Test Metric is similar as that for Mobile Sources, only absolute instead of scaled modeling results are used.

No Mobile Source Modeling Results

For the Mobile Source emissions significance evaluation, the EPA Models-3/CMAQ modeling system was applied for the 7-month period of April through October 1996 during which a majority (~95%) of the Worst 20% visibility days occurred for the 16 Class I Areas on the Colorado Plateau.  The Mobile Source significance modeling simulations eliminated all on-road and off-road mobile source emissions in the 2018 Base Case emissions scenario from the 9 GCVTC States, California, Phoenix, or Las Vegas. 

Emissions Summary for the 9 GCVTC States

Table 5 summarizes the 2018 Base Case annual anthropogenic emissions by major source category in the 9 GCVTC states.  Mobile Sources (on-road plus off-road) are a major contributor to the total anthropogenic NOx (47%) and SO2 (21%) emissions as well as contributing significant amounts of ammonia (8%) and fine particulate (12%).  The off-road mobile source category contributes a majority of the total Mobile Source NOx (64%), SO2 (97%), and fine particulate (83%) emissions.  Thus, off-road mobile will be responsible for the majority of the Mobile Source impacts on visibility.

Table 5.  Summary of annual emissions in tons per year (tpy) in the 9 GCVTC states by major source category for the 2018 Base Case emissions scenario.

	
	NOX
	SO2
	NH3
	PM2.5

	
	(tpy)
	%
	(tpy)
	%
	(tpy)
	%
	(tpy)
	%

	Area
	377,833
	16%
	74,697
	8%
	594,764
	87%
	352,437
	57%

	Road Dust
	0
	0%
	0
	0%
	0
	0%
	66,470
	11%

	Point
	885,720
	37%
	642,133
	72%
	30,218
	4%
	127,374
	21%

	Mobile
	407,691
	17%
	5,426
	1%
	57,326
	8%
	12,259
	2%

	Non-Road
	700,271
	30%
	175,343
	20%
	3,398
	0%
	61,131
	10%

	Total
	2,371,515
	100%
	897,599
	100%
	685,706
	100%
	619,671
	100%


It should be noted that the 2018 Base Case emissions inventory will overstate actual off-road mobile source emissions due to the following:

· EPA expects to release a new NONROAD emissions model in November 2002 that reduces the equipment activity for many NONROAD sources and is estimated to reduce emissions from the current NONROAD model by 25 to 50%.

· With the exception of California and Phoenix, high sulfur diesel fuel was assumed in off-road sources as specified by the current regulations.  However, EPA is currently working on off-road engine rules that would reduce emissions from some off-road engines and likely mandate a lower sulfur diesel fuel for most off-road engines.

Cumulative Mobile Source Visibility Impact Evaluation
Table 6 provides the details of the 9 GCVTC states Cumulative Visibility Impact evaluation at the 16 Class I areas on the Colorado Plateau that were summarized earlier in Table 1.

Table 6.  Cumulative Mobile Sources (9 GCVTC states) modeled visibility impact results.

	Class I Area

On the Colorado Plateau
	EPA Nat

Conditions

(Mm-1)
	2018 WRAP Base Case

(Mm-1)
	2018

9 GCVTC No Mobile

(Mm-1)
	2018

Diff

(Mm-1)
	%

Difference

EPA Nat

Conditions
	% Difference 2018 WRAP Base Case

Conditions
	% of 2018 Man-made Visibility Impairment

	Arches NP
	20.12
	36.65
	32.27
	4.38
	22%
	12%
	26%

	Black Canyon of Gunnison NP
	20.26
	34.34
	30.37
	3.97
	20%
	12%
	28%

	Bryce Canyon NP
	20.12
	29.96
	27.54
	2.42
	12%
	8%
	25%

	Canyonlands NP
	20.08
	34.44
	30.70
	3.74
	19%
	11%
	26%

	Capitol Reef NP
	20.18
	38.30
	33.13
	5.17
	26%
	14%
	29%

	Flat Tops Wilderness
	20.28
	34.50
	30.57
	3.93
	19%
	11%
	28%

	Grand Canyon NP
	20.08
	35.68
	30.66
	5.02
	25%
	14%
	32%

	Maroon Bells-Snowmass Wild.
	20.30
	37.84
	32.93
	4.91
	24%
	13%
	28%

	Mesa Verde NP
	20.18
	34.69
	32.57
	2.12
	11%
	6%
	15%

	Mount Baldy Wilderness
	20.04
	48.67
	44.84
	3.83
	19%
	8%
	13%

	Petrified Forest NP
	20.08
	37.98
	33.46
	4.52
	22%
	12%
	25%

	San Pedro Parks Wilderness
	20.18
	35.88
	34.12
	1.76
	9%
	5%
	11%

	Sycamore Canyon Wilderness
	20.34
	42.65
	36.88
	5.77
	28%
	14%
	26%

	West Elk Wilderness
	20.26
	35.86
	31.61
	4.25
	21%
	12%
	27%

	Weminuche Wilderness
	20.20
	34.97
	31.70
	3.27
	16%
	9%
	22%

	Zion NP
	20.06
	29.92
	26.52
	3.40
	17%
	11%
	34%


The details of the Cumulative Impact evaluation presented in Table 6 are examined more closely for 3 Class I Areas as follows:

· Petrified Forest (PEFO);

· Capitol Reef (CARE); and

· Grand Canyon (GRCA).

The breakdown in the visibility degrading species due to Mobile Sources by sulfate, nitrate, and other PM is provided for the three Class I Areas along with the breakdown of on-road versus off-road emissions contributions to Mobile Source emissions in the 9 GCVTC States by major precursor (SO2, NOx, and PM emissions).  Assuming a linear relationship between emissions contributions, we can obtain an estimate of how much of the Mobile Source Cumulative Impact is due to on-road versus off-road sources.  As non-linear atmospheric processes, and a different spatial distribution of the on-road and off-road sources will both introduce nonlinearities, these estimates should be considered approximate.  Of the 23 to 26% Cumulative Impact estimate using EPA Natural Conditions, 20 percent of it, or about a 5 to 6% change in extinction, is due to on-road mobile sources.  These results are consistent with those presented at the WRAP July 10, 2002 Technical Workshop for a No On-Road Mobile Sources in the Western US scenario that had an impact for these 3 Class I Areas of 5 to 7%, with maximum impact at any of the GCVTC 16 Class I Areas of approximately 8%.  Thus, Mobile Source visibility impacts are primarily (~80%) due to off-road mobile sources.
Table 7.  Analysis of Cumulative Visibility Impacts at Petrified Forest, Capitol Reef, and Grand Canyon Class I Areas showing percent contribution of visibility degradation component (sulfate, nitrate and other PM) and percent contribution of Mobile Source emissions due to on-road and off-road categories.

	
	Visibility Impacts by Species

(EPA Natural Conditions)
	Mobile Emissions Fraction

	
	PEFO
	CARE
	GRCA
	On-Road
	Off-Road

	Sulfate
	21%
	25%
	19%
	3%
	97%

	Nitrate
	34%
	33%
	46%
	37%
	63%

	PM
	45%
	42%
	35%
	17%
	83%

	% Change MS
	22.5%
	25.6%
	25.0%
	
	

	% On-Road
	4.7%
	5.1%
	5.9%
	
	

	% Off-Road
	17.8%
	20.5%
	19.1%
	
	


Individual Area Mobile Source Visibility Impacts

The Mobile Source modeling analysis was performed for California, Phoenix, and Las Vegas with details shown in Tables 8, 9, and 10, respectively.  The format for these tables is the same as described above for Table 5.  The impact of California Mobile Sources is largest at the most westerly Class I Areas on the Colorado Plateau, closest to California.

Table 8.  California Mobile Sources’ visibility impacts modeling results.

	Class I Area

On the Colorado Plateau
	EPA Nat

Conditions

(Mm-1)
	2018 WRAP Base Case

(Mm-1)
	2018

California No Mobile

(Mm-1)
	2018

Diff

(Mm-1)
	%

Difference

EPA Nat

Conditions
	% Difference 2018 WRAP Base Case

Conditions
	% of 2018 Man-made Visibility Impairment

	Arches NP
	20.12
	36.65
	36.52
	0.13
	1%
	0%
	1%

	Black Canyon of Gunnison NP
	20.26
	34.34
	34.01
	0.33
	2%
	1%
	2%

	Bryce Canyon NP
	20.12
	29.96
	29.11
	0.85
	4%
	3%
	9%

	Canyonlands NP
	20.08
	34.44
	34.25
	0.19
	1%
	1%
	1%

	Capitol Reef NP
	20.18
	38.30
	37.28
	1.02
	5%
	3%
	6%

	Flat Tops Wilderness
	20.28
	34.50
	34.05
	0.45
	2%
	1%
	3%

	Grand Canyon NP
	20.08
	35.68
	32.44
	3.25
	16%
	9%
	21%

	Maroon Bells-Snowmass Wild.
	20.30
	37.84
	37.44
	0.40
	2%
	1%
	2%

	Mesa Verde NP
	20.18
	34.69
	34.40
	0.29
	1%
	1%
	2%

	Mount Baldy Wilderness
	20.04
	48.67
	48.33
	0.34
	1%
	1%
	1%

	Petrified Forest NP
	20.08
	37.98
	37.64
	0.34
	2%
	1%
	2%

	San Pedro Parks Wilderness
	20.18
	35.88
	35.62
	0.26
	1%
	1%
	2%

	Sycamore Canyon Wilderness
	20.34
	42.65
	39.70
	2.95
	15%
	7%
	13%

	West Elk Wilderness
	20.26
	35.86
	35.53
	0.32
	16%
	1%
	2%

	Weminuche Wilderness
	20.20
	34.97
	34.82
	0.15
	1%
	0%
	1%

	Zion NP
	20.06
	29.92
	29.07
	0.85
	4%
	3%
	9%


Table 9.  Phoenix (Maricopa County) Mobile Sources’ visibility impacts modeling results.

	Class I Area

On the Colorado Plateau
	EPA Nat

Conditions

(Mm-1)
	2018 WRAP Base Case

(Mm-1)
	2018

Phoenix

No Mobile

(Mm-1)
	2018

Diff

(Mm-1)
	%

Difference

EPA Nat

Conditions
	% Difference 2018 WRAP Base Case

Conditions
	% of 2018 Man-made Visibility Impairment

	Arches NP
	20.12
	36.65
	36.60
	0.05
	0%
	0%
	0%

	Black Canyon of Gunnison NP
	20.26
	34.34
	34.24
	0.10
	0%
	0%
	1%

	Bryce Canyon NP
	20.12
	29.96
	29.89
	0.06
	0%
	0%
	1%

	Canyonlands NP
	20.08
	34.44
	34.37
	0.07
	0%
	0%
	0%

	Capitol Reef NP
	20.18
	38.30
	38.26
	0.04
	0%
	0%
	0%

	Flat Tops Wilderness
	20.28
	34.50
	34.51
	-0.01
	0%
	0%
	0%

	Grand Canyon NP
	20.08
	35.68
	35.40
	0.28
	1%
	0%
	2%

	Maroon Bells-Snowmass Wild.
	20.30
	37.84
	37.81
	0.03
	0%
	0%
	0%

	Mesa Verde NP
	20.18
	34.69
	34.43
	0.25
	1%
	1%
	2%

	Mount Baldy Wilderness
	20.04
	48.67
	47.52
	1.15
	6%
	2%
	4%

	Petrified Forest NP
	20.08
	37.98
	36.54
	1.44
	7%
	4%
	8%

	San Pedro Parks Wilderness
	20.18
	35.88
	35.63
	0.25
	1%
	1%
	2%

	Sycamore Canyon Wilderness
	20.34
	42.65
	41.84
	0.82
	4%
	2%
	4%

	West Elk Wilderness
	20.26
	35.86
	35.77
	0.09
	0%
	0%
	1%

	Weminuche Wilderness
	20.20
	34.97
	34.81
	0.16
	1%
	0%
	1%

	Zion NP
	20.06
	29.92
	29.86
	0.06
	0%
	0%
	1%


Table 10.  Las Vegas (Clark County) Mobile Sources’ visibility impacts modeling results.

	Class I Area

On the Colorado Plateau
	EPA Nat

Conditions

(Mm-1)
	2018 WRAP Base Case

(Mm-1)
	2018

Las Vegas No Mobile

(Mm-1)
	2018

Diff

(Mm-1)
	%

Difference

EPA Nat

Conditions
	% Difference 2018 WRAP Base Case

Conditions
	% of 2018 Man-made Visibility Impairment

	Arches NP
	20.12
	36.65
	36.53
	0.12
	1%
	0%
	1%

	Black Canyon of Gunnison NP
	20.26
	34.34
	34.29
	0.05
	0%
	0%
	0%

	Bryce Canyon NP
	20.12
	29.96
	29.76
	0.20
	1%
	1%
	2%

	Canyonlands NP
	20.08
	34.44
	34.32
	0.12
	1%
	0%
	1%

	Capitol Reef NP
	20.18
	38.30
	37.82
	0.48
	2%
	1%
	3%

	Flat Tops Wilderness
	20.28
	34.50
	34.44
	0.06
	0%
	0%
	0%

	Grand Canyon NP
	20.08
	35.68
	35.50
	0.18
	1%
	1%
	1%

	Maroon Bells-Snowmass Wild.
	20.30
	37.84
	37.79
	0.05
	0%
	0%
	0%

	Mesa Verde NP
	20.18
	34.69
	34.72
	-0.04
	0%
	0%
	0%

	Mount Baldy Wilderness
	20.04
	48.67
	48.63
	0.04
	0%
	0%
	0%

	Petrified Forest NP
	20.08
	37.98
	37.93
	0.05
	0%
	0%
	0%

	San Pedro Parks Wilderness
	20.18
	35.88
	35.88
	0.00
	0%
	0%
	0%

	Sycamore Canyon Wilderness
	20.34
	42.65
	42.56
	0.10
	0%
	0%
	0%

	West Elk Wilderness
	20.26
	35.86
	35.83
	0.02
	0%
	0%
	0%

	Weminuche Wilderness
	20.20
	34.97
	34.98
	-0.01
	0%
	0%
	0%

	Zion NP
	20.06
	29.92
	29.58
	0.34
	2%
	1%
	3%


Cumulative Road Dust Emissions Visibility Impact Evaluation
The modeled results of the No Road Dust Emissions scenario were presented at the July 10, 2002 WRAP Technical Workshop.  The 2018 No Road Dust emissions scenario eliminated all re-entrained road dust due to on-road mobile sources throughout the western US modeling domain.  Thus, these results represent an overestimate of the impact of Road Dust emissions from just the 9 GCVTC states, but should be close.  As noted above, the Road Dust Significance Metric is based on the change in extinction due to road dust over EPA Natural Conditions for the worst visibility days from the absolute modeling results. 

Table 11 summarizes the results of the No Road Dust emissions visibility impact evaluation. The change in extinction over EPA Natural Conditions due to Road Dust emissions ranges from less than 1% (3 Class I Areas) to 3% (Zion and Black Canyon of the Gunnison National Parks).  The change in extinction due to Road Dust at most Class I areas on the Colorado Plateau ranges from 1 to 2%.

Table 11.  Change in extinction over EPA Natural Conditions for the Worst 20% observed visibility days due to Road Dust emissions in the western US (Absolute Modeling Results).

	16 Class I Areas

Colorado Plateau
	2018 

Base

(Mm-1)
	2018 No Road Dust

(Mm-1)
	EPA Natural Conditions

(Mm-1)
	(Bext

No Road Dust

(Mm-1)
	(Bext

No Road Dust

(%)
	(dv

No Road Dust 

(dv)

	Arches NP
	25.91
	25.63
	20.12
	0.29
	1.42
	0.14

	Black Canyon of Gunnison NP
	32.84
	32.20
	20.26
	0.63
	3.13
	0.31

	Bryce Canyon NP
	24.24
	23.99
	20.12
	0.25
	1.24
	0.12

	Canyonlands NP
	23.89
	23.71
	20.08
	0.18
	0.89
	0.09

	Capitol Reef NP
	25.56
	25.30
	20.18
	0.26
	1.29
	0.13

	Flat Tops Wilderness
	28.55
	28.37
	20.28
	0.19
	0.92
	0.09

	Grand Canyon NP
	27.78
	27.53
	20.08
	0.25
	1.22
	0.12

	Maroon Bells-Snowmass Wild.
	31.78
	31.46
	20.30
	0.32
	1.57
	0.16

	Mesa Verde NP
	34.47
	34.21
	20.18
	0.26
	1.30
	0.13

	Mount Baldy Wilderness
	41.63
	41.26
	20.04
	0.37
	1.87
	0.19

	Petrified Forest NP
	32.46
	32.22
	20.08
	0.24
	1.20
	0.12

	San Pedro Parks Wilderness
	28.90
	28.65
	20.18
	0.24
	1.21
	0.12

	Sycamore Canyon Wilderness
	35.34
	34.95
	20.34
	0.39
	1.92
	0.19

	West Elk Wilderness
	31.15
	30.85
	20.26
	0.30
	1.47
	0.15

	Weminuche Wilderness
	29.93
	29.77
	20.20
	0.16
	0.80
	0.08

	Zion NP
	25.57
	24.95
	20.06
	0.61
	3.05
	0.30
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