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1.0 INTRODUCTION
1.1 Overview

Southeastern States Air Resource Managers, Inc. (SESARM) has been designated by the
United StategU.S.) Environmental Protection Agency (EPA) as the entity responsible for
coordinating regional haze evaluations for the ten Souttreastates of Alabama, Florida,
Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee, Virginia, and West
Virginia. The Eastern Band of Cherokee Indians and the Knox County, Tennessee local air
pollution control agency are also panpiating agencies. These parties are collaborating through
the Regional Planning Organization known as Visibility Improvem&tate and Tribal
Association of the Southeast (VISTAS) in the technical analyses and planning activities
associated with visibilt and related regional air quality issues. VISTAS analyses will support
the VISTAS states in their responsibility to develop, adopt, and implement their State
Implementation Plans (SIPs) for regional haze.

The state and local air pollution control agenamethe Southeast are mandated to protect
human health and the environment from the impacts of air pollutants. They are responsible for
air quality planning and management efforts including the evaluation, development, adoption,
and implementation of steegies controlling and managing all criteria air pollutants including
fine particles and ozone as well as regional haze. This project will focus on regional haze and
regional haze precursor emissions. Control of regional haze precursor emissions wilehave t

additional benefit of reducing criteria pollutants as well.

The 1999 Regional Haze Rule (RHR) identified 18 Class | Federal areas (national parks
greater than 6,000 acres and wilderness areas greater than 5,000 acres) in the VISTAS region.
The 1999 RHRequired states to define lotgrm strategies to improve visibility in Federal
Class | national parks and wilderness areas. States were required to establish baseline visibility
conditions for the period 206@004, natural visibility conditions in the aye of anthropogenic
influences, and an expected rate of progress to reduce emissions and incrementally improve
visibility to natural conditions by 2064. The original RHR required states to improve visibility on
the 20% most impaired days and protectbiiigy on the 20% least impaired day$he RHR

! RHR summary data is available http://vista.cira.colostate.edu/ImproveAswummarydata/
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requires states to evaluate progress toward visibility improvement goals every five years and

submit revised SIPs every ten years.

EPA finalized revisions to various requirements of the RHR in Jardry (82 FR

3078) that were designed to strengthen, strea

regional haze program including:

A. Strengthening the Federal Land Manager (FLM) consultation requirements to ensure that

issues and concerns are brbufprward early in the planning process.

B. Updating the SIP submittal deadlines for the second planning period from July 31, 2018

to July 31, 2021 to ensure that they align where applicable with other state obligations

under the Clean Air Act. The end dé&be the second planning period remains 2028; that

is, the focus of state planning will be to establish reasonable progress goals for each Class

| area against which progress will be measured during the second planning period. This

extension will allow sties to incorporate planning for other Federal programs while

conducting their regional haze planning. These other programs include: the Mercury and

Air Toxics Standards, the 2016nhbur sulfur dioxide (S&) National Ambient Air
Quality Standards (NAAQS)he 2012 annual fine particle (BN NAAQS; and the
2008 and 2015 ozone NAAQS.

C. Adjusting interim progress report submission deadlines so that second and subsequent

progress reports will be due by: January 31, 2025; July 31, 2033; and every ten years
thereafter. This means that one progress report will be required midway through each

planning period.

D. Removing the requirement for progress reports to take the form of SIP revisions. States

will be required to consult with FLMs and obtain public commerntheir progress

reports before submission to the EPA. EPA will be reviewing but not formally approving

or disapproving these progress reports.

TheRHRdef i nes fAcl earest dayso as the 20%

the lowest deciview (dvpde x v al ues. AMost i mpaired dayso
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monitored days in a calendar year with the highest amounts of anthropogenic visibility
impairment. The longerm strategy and the reasonable progress goals must provide for an
improvement in visibity for the most impaired days since the baseline period and ensure no

degradation in visibility for the clearest days since the baseline period.

1.2 201lel CAMx 6.32 and CAMx 6.40Comparison
RecentEPA 2011el and 2028gplatformsimulations were performeglith
Comprehensive Air quality Model with eXtensio3Mx) version 6.32. Since thétne the
CAMx model has been updated to include better physical treatment, and to correct any model
flaws that were discovered after the release of 6.32.

Alpine Geophysis, LLC (Alpine), under subcontract with Eastern Research Group, Inc.
(ERG),hasexecute two air qualitysimulationsfor the 2011el base yearodeling platform; one
run with CAMx 6.32and onewith CAMx 6.40. We note that CAMx 6.50 has now been released,
however that model release was too late to be included with sufficient certaintyMiSmhas I

project schedule.

This comparison is to document the differences in model estimates between 2011EL
simulated with CAMx 6.32 and CAMx 6.40 as is discussed iVIBF AS 1l Modeling
Protocof in Section 6.5.2 model comparison number 3.

2.0 DIFFERENCES BETWEEN CAMX 6.32 AND 6.40SIMULATIONS
Differencesin modeled output concentratiobstween the CAMx 6.32 and 6.40
simulations were as a result both of changes t&€#éx model code and changes to the model

inputs.

Model Differences
Many updates to the CAMx model wanmeplementedetween the 6.32 and 6.40 release.

According to the CAMXx 6.40 release notes, the significant changes included:

2 fARegional Haze Model i ng f dHra zSo uAtnhad aysstiesr lPr\blj TcAS |IFli nRad g iMord e
for SESARM under Contract No.-201803-01. Prepared by Alpine Geophysics, LLC and Eastern Research Group, Inc.
June 27, 2018.
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1. Updates to the chemistry toalude a condensed halogen mechanism for cbesare
inorganic reactive iodine, hydrolysis of isoprederived organic nitrate and 20
oxidation on primary crustal fingarticulate matterRM). This update includes the
changes to the Ozone and Particutadeirce Apportionment Technology (OSAT/PSAT)
algorithms

2. Inclusion of irline inorganic iodine emissions to support halogen chemical mechanisms

3. A major revision to theecondary organic aerosol portioni®AP) chemistry/

partitioning algorithm

4. Updates to th&®egional Acid Deposition Modé&l agueous chemistnRADM-AQ)
algorithnt and

5. A major revision to the wet deposition algorithm to identify assumptions or processes
that were unintentionally or otherwise unreasonably limiting gas and PM uptitate
precipitation. The wet deposition algorithm was simplified and improved in several ways,
resulting in the increased scavenging of gases and PM.

Configurations Difference

In addition to the model version, tRAMx 6.32 and 6.40 simulations contained
differences in the EPA modeling platform that had been made subsequent to the 2011el/2028el
model release. In theost curren023ensimulation EPA developed new photolysis ratasd
ozone column data. These updates were included unpitheted modeling ptform and resulting
CAMXx 6.40 simulatiorand were used in the VISTA$201 el simulations

Another configuration difference is how the boundary condtiweremapped for
speciation irthetwo versions of thenodel. EPAand the VISTASCAMXx 6.32 and 6.40
simulations all used the same boundary condition files. However, when CAMx was updated
from 6.32 to 6.40 the species in $exondary organic aeros@@A) scheme changed. The
SOA5, SOAGand SOA7 were removed and SOA3 and SOA4 were redefiretther EPA nor
this study remapped the boundary conditions to account for this change. EPA examined the

regional haze summary data for all Classeas and found the totaiganic carbon@C) species

August 17, 2020 4



ALPINE
GEOPHYSICS CAMx Benchmarking Report#2 ‘E RG

(not just SOA) accounted for3% of the boundary ewlition impairment at the Southeastern
Classl areas’ This is a small impact on regional haze and the impa8OA on regional hazes

even smaller.

3.0 CONFIRMATION METHODOLOGY

Thepresente@omparison omodelsimulations ardased on hourly differences ©zone
(03), PM2 5, OrganicMatter (OM), Particulate Nitrat¢PNO3) and Particulate Sulfai@®S0O4)
Themetric for comparison atée absolute difference (Equation 1) goercent difference

(Equation 2)defined as:
(Equation 1) 0g Og

(Equation 2)

Where G 4ois the concentration at each grid cell hour for@#évix 6.40simulation and

Ce.321s the concentration at each grid cell hour for@#evix 6.32simulation.

The results are presented for the hours with the largest difference between the
simulations. A table presents the hours with the top 10 positive and negjzgolate
differences. Spatial maps are prasérfor the hours with the top highest pogive and
negative differences. To provide context for the differences, the concentration maps are also
presented for each of the hours of high difference. On each spatial plot the maximum positive
and negative values, along with the grid cell in whichdéhascur, are presented at the top of the
graphic. The coordinates refer to the row and columns of the cell referenced to the cell

coordinates on the bottom (column) and left (row) of the graphic.

Hourly animations have also been prepared and are availalie VISTASII project

ftp site. Where appropriate, this report also reports and interprets on the animations.

8 Brian Timin, EPA Office of Air Quality Planning and Standards (OARPSsonal communication October 11, 2018.
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CAMx Species Mapping
Updates to the CAMx model between version 6.32 and 6.40 necessitated making changes
to how the individual CAMx species weeaggregated to the presented species. The CAMx

species mappingetween the two compared versi@mns presented in Tablel3

Table 3-1. Species Mapping from CAMx into Aggregated Species

Aggregated

Speci CAMx 6.32 Species CAMx 6.40 Species

pecies

Ozone 03 03
PS0O4+PNO3+PNH4+SOA1+SOA2+SOA PSO4+PNO3+PNH430OA1+SOA2

PMzs +SOA4+SOA5+SOAB6+SOA7+SOPA+SC +SOA3+SOA4-ESOPA+SOPB+POA
B+POA+PEC+FPRM+FCRS+NA+PCL | +PEC+FPRM+FCRS+NA+PCL

Sulfate PSO4 PSO4

Nitrate PNO3 PNO3

Organic SOA1+SOA2+SOA3+SOA4+SOA5+SOA SOAL1+SOA2+SOA3+SOA4+SOPA

Matter(OM) | +SOA7+SOPA+SOPB+POA +SOPB+POA

1 SOAH was not included in the 6.32 comparison sihees not included as an output species in the EPA
simulation.

40 CAMX6.32 AND CAMX 6.40 2011EL COMPARISON
This section presents comparisons of the simulations using CAM»xaB6BZAMXx 6.40

performed on the Alpineomputer systemsi ng EPAG&6s 2011lel model i ng

4.1 Ozone

Ozone results for the top 10 positive and negdtiversare presented in tabular format in
Table 41. The maximum positive ffierence isl4.48parts per billion fpb) falling to 10.47ppb
for the 1@h high. The maxnum negative difference i43.74ppb faling to-9.61for the 1@h
high. The highegpositivedifferences are occurring on relativélgh ozonehourswith
concentrations ranging from 80 ppb to 113 ppb foiGAMx 6.32simulation.The maximum
negative difference days generally are on hours mithe modest concentrations of 51 to 72
ppb, except for a July #8day with a 150 ppb estimafEhe maximum positive percent
difference is 18.9% and the maximum negative percent different8.5%

The toptenpositive impact hours are presentedrigures4-1 through 410. The regions
of highestpositive differencesneaning that estimates with CAMx32 are higher that CAMXx

6.40, tend to occur ovéine western edge ke Michigan.The concentration difference
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summed over the entire domain shonegative concentration, meaning that estimates with

CAMx 6.40 is overall producing more ozone.

Thetop tennegative impact hours are presented in Figurg$ through4-20. On days
with high negative differences the areas of maximum difference vary hbautaith the
maximum difference most often over the eastern Gulf of Mexico. On five of the top ten negative
days CAMXx 6.32 estimates higher ozone, and on five of the days CAMx 6.40 estimates higher

ozone.

Scatterplots of the daily average ozone conceatrain local standard time at the
Interagency Monitoring of Protected Visual Environm&i#PROVE) monitorsacross all
modeled dayare presented in Figure2d. The CAMXx 6.40 results are plotted on thaxxs and
the CAMx 6.32 results are plotted oretizaxis. The data has a high degree of correlation with a
line of best fit with a slope of 0.9975, an intercept of 0.0592 ppb and @h0RB995.

Examination of the animations show tirageneral CAMx 6.32 makes more ozone in the
southern US. and intemountain west, and CAMx 6.40 makes more ozone in the north&n U
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Table 4-1. Comparison of 2011el CAMx 6.32 and CAMx 6.40 Simulation of Ozone
Concentrations (ppb) Hours with the top 10 maximum positive andnaximum negative
differences are shown.

Year | Month | Day | Hour C?oii C?oﬁg le(fspr)etz)?ce Dli:)ffeerrceennge Column | Row
Maximum Positive
2011 6 18 19 112.01 | 97.54 14.48 14.8% 266 159
2011 6 18 20 108.71 | 94.81 13.90 14.7% 266 158
2011 5 22 21 96.36 83.07 13.29 16.0% 264 170
2011 5 30 20 98.40 85.45 12.95 15.2% 263 170
2011 5 22 20 94.40 81.49 12.91 15.8% 265 169
2011 5 30 19 79.99 67.27 12.73 18.9% 263 170
2011 5 22 19 85.52 73.75 11.78 16.0% 266 166
2011 5 22 22 95.40 83.90 11.50 13.7% 264 171
2011 6 18 18 97.04 86.28 10.76 12.5% 267 159
2011 6 18 17 113.30 | 102.83 10.47 10.2% 374 171
Maximum Negative
2011 4 11 17 60.41 74.16 -13.74 -18.5% 327 56
2011 4 11 18 65.23 77.66 -12.43 -16.0% 327 57
2011 4 11 16 74.52 85.97 -11.45 -13.3% 321 31
2011 7 18 15 150.15 | 161.50 -11.35 -7.0% 230 239
2011 5 13 21 61.51 72.62 -11.11 -15.3% 224 37
2011 5 13 20 61.36 72.25 -10.89 -15.1% 225 38
2011 4 11 19 72.21 82.25 -10.04 -12.2% 330 42
2011 4 11 20 51.39 61.28 -9.89 -16.1% 220 37
2011 4 12 0 50.55 60.29 -9.74 -16.2% 46 91
2011 4 11 21 60.86 70.47 -9.61 -13.6% 221 36
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Maximum Positive Differencelune 18 a1900 hours
CAMx 6.40

Max value: 1.198E+02 at (336, 25)
Min value: 1.045E+00 at { 44.228) non zero cslls only
Avg value: 4.232E+01 non zero cells only
Grid Total: 4.088BE+06
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Figure 4-1: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Maximum Positive Difference)
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Second Highest Positive Differenckinel8 at 2@0 hours
CAMXx 6.40

Max value: 1.238E+02 at (336, 25)
Min value: §.¥30E-01 at { 44.228) non zero cslls only
Avg value: 4.236E+01 non zero cells only
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Figure 4-2: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Second Highest Positive Difference)
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Third Highest Positive Differencéay 22 at 200 hours
CAMXx 6.40

Max value: H.84BE+01 al (322,104)
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Figure 4-3: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011elSimulations (Third Highest Positive Difference)
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Fourth Highest Positive Differencktay 30 at 200 hours
CAMXx 6.40

Max value: 1.280E+02 al (305,182)
Min value: L11%E+01 at (200,227} non zero oslle only
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Figure 4-4: Comparison of OzoneConcentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Fourth Highest Positive Difference)
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Fifth Highest Positive Difference: May 22 at@Dhours
CAMXx 6.40
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Figure 4-5: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Fifth Highest Positive Difference)
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Sixth Highest Positive Difference: May 30 at@®hours
CAMx 6.40
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Figure 4-6: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Sixth Highest Positive Difference)

August 17, 2020 14



GEOPHYSICS CAMx Benchmarking Report#2

VERG

Seventh Hipest Positive Difference: May 22 at@®hours

CAMx 6.40
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Min value: §.121E+00 at { 43.244) non zero cslls only
Avg value: 4.2B1E+01 non zereo cells only
Grid Total: 4.118E+06

100

ol

10.0 20.0 30.0 40.0 50.0 80.0 71.0 800

03 Cone.
2011el.agvd 40.12us2 : 110522 : 1800
1 Hourly Average

Difference (6.32 6.40)

Max value: 1.17BE+01 at (2886,186)
Min value: —2.Y30E+00 at {171, 4) non zero cells only
Avg wvalue: 3.159E-02 non zere cells only
Grid Total: 3.037E+Q3

2162412‘0 o
Jk% Hl ‘:L )

200 | &%&“ g
150 (%ﬂ& ;

100

50 0

—5.00 —-1.00 —0.10 —0.01 0.01 G.10 1.60 5.00

03 Cone. Difference

2011lellagvé 32.12usZ — 201lelag.v8 40.12us2 : 110522 : 1900

1 Hourly Average

Figure 4-7: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40

2011el Simulations (Seventh Highest Positive Difference)
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Eighth Hidhest Positiviifference: May 22at 2200 hours
CAMXx 6.40
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Figure 4-8: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Eighth Highest Positive Diffegnce)
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Ninth Highest Positiv®ifference: Jund 8 at 180 hours

CAMx 6.40
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Figure 4-9: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40

2011elSimulations (Ninth Highest Positive Difference)
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Tenth Hghest Positive Difference: June 18 abQ#hours
CAMx 6.40
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Figure 4-10: Comparison of OzoneConcentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Tenth Highest Positive Difference)
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Maximum Negative DifferencéApril 11 at 100 hours
CAMXx 6.40

Max value: 9.661E+01 at (327, 41)
Min value: L430E+00 at (364,221} non zero oslle only
Avg value: 4.085E+01 non zereo cells only
Grid Total: 3.908E+06
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Difference (6.32 6.40)

Max value: 2.371E+00 at (304, 43)
Min value: —1.3%4E+01 at (327, 56} non zero eells only
Avg value: —3.337E—01 non zerc cells only
Grid Total: —3.20BE+04
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Figure 4-11: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Maximum Negative Difference)
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Second kghest Negative Difference: April 11 at@®hours
CAMXx 6.40

Max value: 8.874E+01 at (329, 42)
Min value: 5.18¥E—01 at (364,221} non zero oslle only
Avg value: 4.1B0E+01 non zereo cells only

Grid Total: 4.012E+06
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Difference (6.32 6.40)
Max value: 3.07SE+00 at {305, 47)
Min value: —1.243E+01 at (387, 57) non zero cells only
Avg value: —2.424E—01 non zerc cells only
Grid Total: —2.230E+04
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Figure 4-12: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Second Highest Negative Difference)
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Third Highes$ Negative Difference: April 11 at D6 hours

CAMx 6.40

Max value: 9.943E+01 at (327, 41)
Min value: 3.61%E+00 at (291,134} non zero oslle only
Avg value: 3.215E+01 non zero cells only
G

rid Tatal: 3.763E+06
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03 Cone.
2011el.agvd 40.12us2 : 110411 : 16800
1 Hourly Average
Difference (6.32 6.40)
Max value: 2.332E+00 at (354,214)
Min value: — 1. 145E+0L at {321, 31} non zers cells only
Avg value: —3.554E—01 non zero cells only
Crid Total: —3.417E+D4
—z2412.0 2340.0
246 T 1332.0
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Figure 4-13: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40

2011el Simulations (Third Highest Negative Difference)
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Fourth Hghest Negativ®ifference: July 18 at X% hours
CAMXx 6.40

Max value: 1.639E+02 al (229,239)
Min value: 1.202E-01 at (258, 3%) non zero celle only
Avg value: 3.B1BE+01 non zereo cells only
Grid Total: 3.6V0E+06
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2011el.agvéd 40.12us2 : 110718 : 1500
1 Hourly Average

Difference (6.32 6.40)

Max value: 1.940E+00 at {158, 93)
Min value: —1.135E+01 at (230,228) non zero cells only
Avg wvalue: 1.418E-01 non zere cells only
Grid Total: 1.382E+04
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Figure 4-14: Comparison of Ozone Concentrations (ppb) for CAMx 6.32 and CAMx 6.40
2011el Simulations (Fourth Highest Negative Diéfrence)
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Fifth Highest Negative Difference: May 13 at@@Llhours
CAMx 6.40

Max value: 1.241E+02 at (119, 11)
Min value: LSESE+00 at (352,207} non zero oelle only
Avg value: 4.411E+01 non zereo cells only
Grid Total: 4.240E+06

10.0 20.0 30.0 40.0 50.0 80.0 71.0 800

03 Cone.
2011el.agvd 40.12us2 : 110513 : 2100
1 Hourly Average

Difference (6.32 6.40)

Max value: 1.8VOE+00 at (313, 5)
Min value: —1.111E+01 at {224, 37} non zero celly only
Avg valus: 2.774E-02 non zero cells only
Grid Total: 9.326E+03
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Figure 4-15. Comparison of Ozone Concentrations (ppb) folCAMx 6.32 and CAMx 6.40
2011elSimulations (Fifth Highest Negative Difference)
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Sixth Highest Negative Difference: May 13 at®Dhours
CAMx 6.40

Max value: 1.248E+02 at (119, 11)
Min value: 5.406E+00 at (258, 37) non zero celle only
Avg value: 4.41BE+01 non zereo cells only
Grid Total: 4.247E+06

100 E

ol

0 50 100 150 200 250 300 350 396

10.0 20.0 30.0 40.0 50.0 80.0 71.0 800

03 Cone.
2011el.agvd 40.12us2 : 110513 : 2000
1 Hourly Average

Difference (6.32 6.40)

Max value: 1.808E+00 at (314, 4)
Min value: —1.08PE+01 at {225, 38) non zero ocells only
Avg values: 4.247E—-02 non zero cells only
Grid Total: 4.755E+03
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Figure 4-16: Comparison of Ozone Concentrations (ppb) folCAMx 6.32 and CAMx 6.40
2011elSimulations (Sixth Highest Negative Difference)
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Seventh Hipest Negative Difference: April 11 atd® hours
CAMx 6.40

Max value: #.143E+01 al (211,115)
Min value: 3J.018E+00 at (364,222} non zero oselle only
Avg value: 4.258E+01 non zero cells only
Grid Total: 4.085E+06
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Difference (6.32 6.40)

Max value: 3.621E+00 at {306, 48)
Min value: —1.004E+01 at {330, 42) non zers cells only
Avg value: —1.238E-01 non zero cells only
Grid Total: —1.190E+04
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Figure 4-17: Comparison of Ozone Concentrations (ppb) folCAMx 6.32 and CAMx 6.40
2011elSimulations (Seventh Highest Negative Difference)

August 17, 2020 25



ALPINE
GEOPHYSICS CAMx Benchmarking Report#2 “ERG

Eighth Highest Negative iBerence: April 11 at 200 hours
CAMx 6.40

Max value: #.514E+01 al (212,114)
Min value: 5.681E—01 at (364,222} non zero oslle only
Avg value: 4.306E+01 non zereo cells only
Grid Total: 4.138E+06
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Difference (6.32 6.40)

Max value: 4.058E+00 at {315, 40)
Min value: —9.B80E+00 at {220, 37) non zers cells only
Avg value: —1.Y10E—02 non zero cells only
Grid Total: —1.844E+03
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Figure 4-18: Comparison of Ozone Concentrations (ppb) folCAMx 6.32 and CAMx 6.40
2011elSimulations (Eighth Highest Negative Difference
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Ninth Highest Negative Difference: April 12 at@® hours
CAMXx 6.40

Max value: 8.489E+01 al (218,105)
Min value: 6.095E—02 at (291,134} non zero oslle only
Avg value: 4.101E+01 non zereo cells only
Grid Total: 3.94ZE+06
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Difference (6.32 6.40)

Max value: 3.164E+00 at {329, 17)
Min value: —9.744E+00 at { 46, 81} non zero cells only
Avg value: 1.206E-01 non zerc cells only
Grid Total: 1.159E+04

150

100

al

0 50 100 150 200 250 300 350 396

—5.00 —-100 —0.10 —0.01 001 0.10 1.60 500

43 Cone. Difference
2011lelag.vé 32.12us2 — 2011elag.vé 40.12u=2 : 110412 : 0000
1 Hourly Average

Figure 4-19: Comparison of Ozone Concentrations (ppb) foiCAMx 6.32 and CAMXx 6.40
2011elSimulations (Ninth Highest Negative Difference)
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Tenth Hghest Negative Difference: April 11 at@1 hours
CAMXx 6.40

Max value: #.454E+01 al (213,112)
Min value: 6.992E—01 at (364,222} non zero oslle only
Avg value: 4.31BE+01 non zerc cells only
Grid Total: 4.151E+06
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Figure 4-20: Comparison of Ozone Concentrations (ppb) folCAMx 6.32 and CAMx 6.40
2011elSimulations (Tenth Highest Negative Difference)
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2011el CAMx Benchmark Comparison - All IMPROVE Sites/All Days
Daily Ozone Concentration (ppb)
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Figure 4-21: Scatterplot Comparing 24-hour Average Predicted Ozone Concentratins
(ppb) for All Days at all IMPROVE Monitor Locations for CAMx 6.32 and CAMx 6.40
2011el Simulations Performed by VISTAS (Alpine).
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4.2 PMa2s

PM2 s results for the top 10 positive and negatiegirsare presented in tabular format in
Table 42. The maximum positive differenceg.76micrograms per cubic meterg/mq)
falling to 52.61ng/m? for the 10th high. The aximum negative difference i85.09mg/m?
falling to -18.42ng/m? for the 10th highThe maximum positive percent difference from these
days is1445% and nedave percent difference 669% On the day of the maximum positive
difference (September 24 at 0400) the maximum difference isEdhcentration was
64.my/m? ppb. At this hour théifference in the sulfate, nitrate, and OM concentrations were
10.26my/m™ 28.08ny/m?, 9.28 ny/m?, respectively with the difference dominated by the

differences in the nitrate estimates.

The topl0 positivedifferencehours are presented Figures 422 through 431. The
hours of the maximum positive difference are tending to dodwo periods orAugust26 and
SeptembeR4. The CAMXx 6.40 results are significantly lower that CAMx 6.32 thrawgthe
majority of the domainOn August 26 theegion of the maximum difference is offshore of
Florida, GeorgiaandSouthCarolina. This appears to baikicane Irene that was active during
this time

The top 1(hegative impact ho's are presented Figures4-32 through 441. While the
majority of thedomain shows positive difference (CAMx 6.32 with higher concentrations), there

are scattered regions where CAMx 6.40 is higher

Scatterplots of the daily averaB&/. sconcentrations in local standard time at the
IMPROVE monitors are presented in Figsle42 and 443. The CAMXx 6.40 results are plotted
on the xaxis and the CAMx 6.32 results are plotted on taig. The data has a high degree of
correlation with a line of best fit with a slope of 1.0083, an intercept of 0 4§®&and an R
of 0.9875.The agreement between the models is higher at higher concentrations. At lower

concentrations the CAMx 6.32 results are higher than the CAMx 6.40 results.

Examination of the animatiortdearly showsthe Hurricane Irene entering the domain on
August 24h andmovingup the eastern seabodhdoughAugust 28h.
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Table 4-2. Comparison of 2011el CAMx 6.32 and CAMx 6.40 Simulation d?M2.5
Concentrations frg/m3). Hours with the top 10 maximum positive andnaximum negative
differences are shown.

Year | Month | Day | Hour (?o?,(z; C?oért(c): Déﬁg;fng;: € Dli‘i?errcsnncfe Column | Row
Maximum Positive
2011 9 24 4 69.24 4.48 64.76 1445.0% | 342 | 201
2011 9 24 3 72.57 10.31 62.27 604.0% 343 | 201
2011 8 26 14 71.90 11.64 60.27 517.9% 358 62
2011 9 24 5 63.70 5.32 58.37 1096.3% | 342 | 200
2011 8 26 12 73.55 15.55 58.00 373.0% 359 58
2011 8 26 13 74.13 17.34 56.79 327.5% 359 60
2011 8 26 15 67.82 12.01 55.81 464.5% 357 64
2011 8 26 17 68.07 13.57 54.49 401.5% 357 69
2011 8 26 16 85.96 32.42 53.54 165.2% 357 68
2011 8 26 20 64.19 11.58 52.61 454.3% 355 75
Maximum Negative

2011 7 20 14 | 4,665.24| 4,700.33| -35.09 -0.7% 231 | 244
2011 7 20 12 | 6,908.06| 6,937.38| -29.32 -0.4% 231 | 244
2011 7 20 13 | 5/435.89| 5464.69| -28.79 -0.5% 231 | 244
2011 I 20 11 | 8,766.18| 8,789.09| -22.92 -0.3% 231 | 243
2011 I 20 15 | 5,136.34| 5157.34| -21.00 -0.4% 230 | 243
2011 I 20 18 | 1,471.59| 1,492.23| -20.64 -1.4% 227 | 244
2011 7 3 21 12.76 31.44 -18.68 -59.4% 269 | 156
2011 8 19 5 80.11 98.72 -18.61 -18.9% 216 52
2011 7 3 22 13.37 31.92 -18.54 -58.1% 269 | 156
2011 7 20 19 | 1,215.64| 1,234.06| -18.42 -1.5% 226 | 244
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Maximum Positive DifferenceSeptember 24t 400 hours
CAMx 6.40
Max value: A.904E+02 at { 33,188)
Min value: 5.948E-03 at (365, 18) non zero celle only
Avg value: 4.055E+00 non zereo cells only
Grid Total: 3.828BE+05
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1 Hourly Average
Difference (6.32 6.40)
Max value: B.47BE+01 al (342,201)
Min value: —1.795E+00 at { 33.188) non zers cells only
Avg walue: 2.200E-01 non zerec cells only
Grid Total: 8.844E+04
—2412.0 2340.0
246 g
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0 o0 160 150 20 250 300 350 396
\ \ \ \ | |
-5.00 -1.00 -0.10 -0.01 0.01 0.10 1.00 5.00
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2011elag.vé 32.12u=2 — 2011elag.vé 40.12u=2 : 110824 : 0400
1 Hourly Average

Figure 4-22: Comparison of PMzs Concentrations frg/m?) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Maximum Positive Difference)
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Second Highst Positive Difference: September 24 @@ Bours
CAMXx 6.40

Max value: 3.548E+02 at { 33,188)
Min value: 1.234E-02 at (365, 18) non zero celle only
Avg value: 4.035E+00 non zereo cells only
Grid Total: 3.883E+05
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Difference (6.32 6.40)

Max value: B6.227E+01 at (343,20L)
Min value: —1.920E+00 at (353,208} non zere cells only
Avg value: P.212E-01 non zerc cells only
Grid Total: 8.856E+04
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Figure 4-23: Comparison of PMz.5 Concentrations fy/m®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Second Highest Positive Difference)

August 17, 2020 33



ALPINE
GEOPHYSICS CAMx Benchmarking Report#2 ‘E RG
Third Highest Positive Differencéugust 26 at 180 hours
CAMx 6.40
Max value: 3.194E+02 at { 59,198)
Min value: 2.468E—02 at (390,178} non zero oselle only
Avg value: 4.B31E+00 non zero cells only
Grid Total: £4.644E+05
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Difference (6.32 6.40)
Max value: 6.027E+01 at (358, 62)
Min value: —2.Y46E+00 at (307.11%)} non zere oells only
Avg walue: 2.B45E-01 non zero cells only
Grid Total: 9.485E+04
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Figure 4-24: Comparison of PMzs Concentrations frg/m?) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Third Highest PositiveDifference)
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Fourth Highest Positive Differenc8eptember 24 at0® hours
CAMx 6.40
Max value: A.Y0S5E+02 at { 33,188)
Min value: Y.685E-03 at (364, 11) non zero celle only
Avg value: 4.045E+00 non zereo cells only
Grid Total: 3.883E+05
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Min value: —L.B2PE+00 at { 33,188) non zero cells only
Avg wvalue: 2.034E-01 non zerc cells only
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Figure 4-25: Comparison of PMz.s Concentrations grg/m?®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Fourth Highest Positive Difference)
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Fifth Highest Positive Differencéiugust 26 at 1@0 hours
CAMx 6.40
Max value: 3.530E+02 al (143,185)
Min value: 6.558E—02 at (384,172} non zero oslle only
Avg value: 5.019E+00 non zereo cells only
Grid Total: 4.825E+05
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Max value: 5.800E+01 at (352, 58)
Min value: —3.090E+00 at (143,185} non zero cells only
Avg wvalue: 1.149E+00 non zerc cells only
Grid Total: 1.1009E+05
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Figure 4-26: Comparison of PMz.5 Concentrations frg/m®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Fifth Highest Positive Difference)
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Sixth Highest Positive Differenc&ugust 26 at 180 hours
CAMx 6.40
Max value: 3.293E+02 al (143,185)
Min value: 2.651E—02 at (389,177} non zero oelle only
Avg value: 4.272E+00 non zero cells only
Grid Total: 4.7HOE+05
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Figure 4-27: Comparison of PMz.s Concentrations rg/m?®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Sixth Highest Positive Difference)
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Seventh Highest Positive Differend&ugust 26 at 160 hours
CAMx 6.40
Max value: 3.041E+02 at { $9,198)
Min value: 3.439FE-02 at (158, 17) non zero celle only
Avg value: 4.8B3E+00 non zero cells only
Grid Total: 4.502ZE+05
2162412.0 2340.0
=200
150
100
a0
0
0 20 100 150 20 250 300 350 396
| \ \ | |
10.0 20.0 30.0 40.0 50.0 BO.O 71.0 80.0
PM25 Conc.
2011el.agvd 40.12us2 : 110826 : 1500
1 Hourly Average
Difference (6.32 6.40)
Max value: 5.581E+01 at {357, 64)
Min value: —3.078E+00 at (307,118} non zero cells only
Avg valus: B.B13E-01 non zero cells only
Grid Total: 8.473E+04
—2412.0
200
150
100
50
0
[ \ [ [ [ |
=500 -1.00 -0.1¢0 —-001 0.01 0.10 1.00 5.00
PM25 Cone. Difference
2011el.agvs 32.12usZ — 201lelag.v8 40.12us2 : 110826 : 1500
1 Hourly Average

Figure 4-28: Comparison of PMz.s Concentrations grg/m?®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Seventh Highest Positive Difference
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Eighth Highest Positive Differencfugust 26 at 100 hours
CAMx 6.40
Max value: 1.994E+02 at { 59,198)
Min value: E2.115E-02 at {158, 11) non zero celle only
Avg value: 4.552E+00 non zero cells only
Grid Total: 4.3V8E+05
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Figure 4-29: Comparison of PMz.5 Concentrations frg/m®) for CAMx 6.32 and CAMXx 6.40

2011elSimulations (Eighth Highest Positive Difference)
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Ninth Highest Positive Differencé&ugust 26 at 180 hours
CAMx 6.40
Max value: Z.572E+02 at { 59,198)
Min value: 3.388E-02 at (15%, 14) non zero celle only
Avg value: 4.5BBSE+00 non zero cells only
Grid Total: 4.408E+05
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Figure 4-30: Comparison of PMz.5 Concentrations fg/m®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Ninth Highest Positive Difference)
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Tenth Highest Positive DifferencAugust 26 at 200 hours
CAMx 6.40

Max value: 1.01BE+02 al (140,188)
Min value: 3.400E-02 at (151, 13) non zero celle only
Avg value: 4.562E+00 non zero cells only
Grid Total: 4.388E+05

100

ol

0 —1620.0
0 20 100 150 20 250 300 350 396
10.0 20.0 30.0 40.0 50.0 BO.O 71.0 80.0
PM25 Conc.
2011el.agvd 40.12us2 : 110826 : 2000
1 Hourly Average
Difference (6.32 6.40)
Max value: 5.261E+01 at {355, 75)
Min value: —3.261E4+00 at (348,150} non zere cells only
Avg values: 6.62Z8E-01 non zerco cells only
Grid Total: B6.37VZE-+04
2162412‘0
W
=00
150
100
50 E
0

=500 —-1.00 —-0.10 —-0.01 0.01 0.10 1.060 5.00

PM25 Conc. Difference
2011lellag.v6 32.12us2 — 201lelag.vé 40.12u=2 : 110826 : 2000

1 Hourly Average

Figure 4-31: Comparison of PMzs Concentrations frg/m?) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Tenth Highest Positive Difference)
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Maximum Negative Differenceluly 20 at 180 hours
CAMx 6.40

Max value: 5.435E+03 al (231,243)
Min value: 6.918E-02 at (362, 27) non zero celle only
Avg value: 5.0089E+00 non zereo cells only
Grid Total: 4.815E+05
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Figure 4-32 Comparison of PMz.5 Concentrations frg/m®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Maximum Negative Difference)
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Second Highest Negative Differendetly 20at 120 hours
CAMx 6.40
Max value: 7.84VE+03 al (231,243)
Min value: 2.430E—02 at (263,210} non zero oslle only
Avg value: 5.512E+00 non zero cells only
Grid Total: 5.228E+05
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Figure 4-33: Comparison of PMz.5 Concentrations frg/m®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Second Highest Negative Difference)
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Third Highest Negative Differencduly 20 at 180 hours
CAMx 6.40

Max value: B.394E+03 al (231,243)
Min value: Y.259E—02 at (232, 37) non zero celle only
Avg value: 5.241E+00 non zereo cells only
Grid Total: 5.038E+05
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Figure 4-34: Comparison of PMzs Concentrations frg/m?) for CAMx 6.32 and CAMXx 6.40
2011elSimulations (Third Highest Negative Difference)
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Fourth Highest Negative Differencéuly 20at 1100 hours
CAMXx 6.40

Max value: 8.789E+03 al (231,243)
Min value: 3.17¥YE—03 at (257.211) non zero oelle only
Avg value: 5.821E+00 non zero cells only
Grid Total: 5.404E+05
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Figure 4-35: Comparison of PMz.s Concentrations grg/m?®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Fourth Highest Negative Difference)
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Fifth Highest Negative Differencduly 20 at 180 hours
CAMx 6.40

Max value: S5.15VE+03 al (230.243)
Min value: 8.403E—02 at (162,238} non zero oslle only
Avg value: 4.BZ0E+00 non zero cells only
Grid Total: 4.634E+05
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Figure 4-36: Comparison of PMz.5 Concentrations frg/m®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Fifth Highest Negative Difference)
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Sixth Highest Negative Differencduly 20 at 180 hours
CAMx 6.40
Max value: Z2.817VE+03 al (230.243)
Min value: L4YOE—02 at (243.222) non zero oelle only
Avg value: 4.505E+00 non zero cells only
Grid Total: 4.331E+05
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Figure 4-37: Comparison of PM2.5 Concentrations frg/m®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Sixth Highest Negative Difference)
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Seventh Highest Negative Differendetdy 3 at 200 hours
CAMx 6.40

Max value: A.837E+02 at (230, 44)
Min value: 2.844FE-02 at (122, 10) non zero celle only
Avg value: 4.086E+00 non zero cells only
Grid Total: 3.908E+05
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Figure 4-38: Comparison of PMz.5 Concentrations frg/m®) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Seventh Highest Negative Difference)
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Eighth Highest Negative DifferencAugust 19 at 60 hours
CAMx 6.40
Max value: 1.018E+02 at { 43,121)
Min value: 4.888E-02 at (358, V1) non zero celle only
Avg value: 4.759E+00 non zero cells only
Grid Total: 4.5VSE+05
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Figure 4-39: Comparison of PMz.s Concentrations grg/m?®) for CAMx 6.32 and CAMXx 6.40
2011elSimulations (Eighth Highest Negative Difference)
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Ninth Highest Negative Differencduly 3 at 2P0 hours
CAMx 6.40

Max value: A.580E+02 at (230, 44)
Min value: 2.380E-02 at (122, 10) non zero celle only
Avg value: 4.106E+00 non zero cells only
Grid Total: 3.94BE+05
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Figure 4-40: Comparison of PMzs Concentrations frg/m?) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Ninth Highest Negative Difference)
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Tenth Highest Negative Differencéuly 20 at 190 hours
CAMx 6.40

Max value: Z2.39BE+03 al (230,243)
Min value: L261E—02 at (245,223} non zero oelle only
Avg value: 4.471E+00 non zereo cells only
Grid Total: 4.22BE+05

—2412.0 2340.0
246

200

150

100

ol

—1620.0
0 20 100 130 20 250 300 350 396

10.0 20.0 30.0 40.0 50.0 80.0 71.0 800

PM25 Conc.
2011el.agvd 40.12us2 : 110%20 : 1800
1 Hourly Average

Difference (6.32 6.40)

Max value: 1.51YE+01 at (348,149)
Min value: —1.842E4+01 at (226,244} non zero cells only
Avg valus: Z.275E-01 non zerco cells only
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Figure 4-41: Comparison of PMzs Concentrations frg/m?) for CAMx 6.32 and CAMXx 6.40
2011el Simulations (Tenth Highest Negative Difference)
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2011el CAMx Benchmark Comparison - All IMPROVE Sites/All Days
Daily PM-2.5 Concentration (ug/m3)
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Figure 4-42:. Scatterplot Comparing 24-hour Average Predicted PM:.s Concentrations
(my/md) for All Days at all IMPROVE Monitor Locations for CAMx 6.32 and CAMXx 6.40
2011el Simulations Performed by VISTAS (Alpine).
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2011el CAMx Benchmark Comparison - All IMPROVE Sites/All Days
Daily PM-2.5 Concentration (ug/m3)
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Figure 4-43: Scatterplot Comparing 24-hour Average Predicted PM.s Concentrations
(mg/m?3) for All Days at all IMPROVE Monitor Locations for CAMx 6.32 and CAMXx 6.40

2011el Simulations Performed by VISTAS (Alpine) Modified Scale
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4.3  Sulfate

Sulfate results for the top 10 positive and negatiaeirsare presented in tabular format
in Table 43. The maximum positive difference28.32pg/m? falling to 14.76 pg/m? for the
10th high. The maximum negative differencelig.77ug/m? falling to -5.76ug/m? for the 10th
high. The maximum positive percent difference from these day81% and negidve percent
difference 0t26.%%.

The topl0 positivedifferencehours are presented in Figué<4 through 453. The
regions of the maximum impact are highbriable.The maximum and several other days shows
the maximum differencis located neathe Chicaganetroarea. The second and third highest

maximumand othedays show impacts along the Gulf of Mexico coast.

The top 1Mhegativedifferencehours are presented Figures4-54 through 463. The
maximum negative differences for all but one day are occuoringuly 20 or 2hlong the
northernU.S.border, north of Minnesota.

Scatterplots of the daily averagelfateconcentrations in local standitime at the
IMPROVE monitors are presented in Figuré44 The CAMXx 6.40 results are plotted on the
x-axis and the CAMx 6.32 results are plotted on tiaig. The data has considerably more
scatter than the ozone or PMesults with a line of besttfwith a slope of 1.0842, an intercept
of 0.0832ng/m*and an Rof 0.9068. The vast majority of the points are above the 1:1 line,
meaning that the CAMx 6.32 modeled values are higher than the CAMx 6.40 results. This is
likely a result of the changes ine wet deposition algorithms and the oxidation of 8©®

primary crusal particles and updates to the RAPAQ algorithm.

Examination of the CAMx 6.40 animations shgenerallylower concentrations
compared to CAMx 6.32articularly in theSoutheastern |$.
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Table 4-3. Comparison of 2011el CAMx 6.32 and CAMXx 6.40 Simulation dbulfate

CAMx Benchmarking Report#2

VERG

Concentrations frg/m3). Hours with the top 10 maximum positive and maximum negative
diff erences are shown.

Year | Month | Day | Hour (360::)1?: (360?1?: DE]:S;;@;: € Dli:,ffeerrceenncfe Column | Row
Maximum Positive
2011 12 30 21 | 4445 | 21.13 23.32 110.4% 265 157
2011 5 12 11 71.22 | 51.23 19.99 39.0% 258 45
2011 5 8 9 43.25 | 23.36 19.88 85.1% 258 45
2011 12 21 14 | 46.03 | 27.37 18.66 68.2% 316 176
2011 3 16 1 29.04 | 10.70 18.34 171.5% 291 145
2011 5 12 12 75.61 | 60.06 15.55 25.9% 258 45
2011 5 9 10 | 4296 | 27.94 15.02 53.7% 258 45
2011 12 30 22 | 45.61 | 30.69 14.92 48.6% 265 157
2011 5 12 10 | 56.99 | 4211 14.88 35.3% 258 45
2011 5 20 3 26.13 | 11.37 14.76 129.8% 352 206
Maximum Negative

2011 7 20 12 87.16 | 104.93 -17.77 -16.9% 231 244
2011 7 20 11 95.08 | 109.81 -14.72 -13.4% 231 244
2011 7 20 13 68.92 | 82.16 -13.24 -16.1% 231 244
2011 7 20 14 | 59.18 | 69.69 -10.51 -15.1% 231 244
2011 7 21 3 67.32 | 77.08 -9.76 -12.7% 230 244
2011 7 21 2 108.88| 117.08 -8.19 -7.0% 230 243
2011 7 20 15 | 43.94 | 51.06 -7.11 -13.9% 231 244
2011 7 21 4 35.42 | 42.46 -7.05 -16.6% 230 245
2011 7 20 10 94.54 | 100.83 -6.29 -6.2% 231 241
2011 1 4 18 15.63 | 21.39 -5.76 -26.9% 170 29
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Maximum Positive Difference: December 30 a0®lhours
CAMx 6.40
Max value: Z.121E+01 al (264,157)
Min value: 3.Y65E-04 at { 88.202) non zero cslls only
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Figure 4-44: Comparison of Sulfate Concentrations (1g/m?) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Maximum Positive Difference)
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Second Highest Positive Differendday 12 at 100 hours
CAMx 6.40
Max value: 5.123E+01 at (258, 45)
Min value: LOESE—04 at (164,187} non zero oselle only
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Figure 4-45. Comparison of Sulfate Concentrations |ig/m?3) for CAMx 6.32 and CAMX
6.40 2011el Simulations (Second Highest Positive Difference)
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Third Highest Positive Differencéay 8 at @0 hours
CAMx 6.40
Max value: Z.338E+01 at (258, 45)
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Figure 4-46: Comparison of Sulfate Concentrations |ig/m?3) for CAMx 6.32 and CAMX
6.40 2011el Simulations (Third Highest Positive Difference)
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Fourth HighesPositive Difference: December 21 al0D4hours
CAMXx 6.40

Max value: Z.73VE+01 al (318,176)
Min value: 2.608E—03 at (305,164} non zero oslle only
Avg walue: '7.208E-01 non zerc cells only
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Figure 4-47: Comparison of Sulfate Concentrations |ig/m?3) for CAMx 6.32 and CAMX
6.40 2011el Simulations (Fourth Highest Positive Difference)
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Fifth Highest Positive Differencédarch 16 at 00 hours
CAMx 6.40
Max value: 1.45BE+01 al (289,145)
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Figure 4-48: Comparison of Sulfate Concentrations |(g/m?) for CAMx 6.32 and CAMXx
6.40 2011eBimulations (Fifth Highest Positive Difference)
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Sixth Highest Positive Difference: May 12 atQ?hours
CAMx 6.40
Max value: B.00BE+01 at (258, 45)
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Figure 4-49: Comparison of SulfateConcentrations f1g/m3) for CAMx 6.32 and CAMx
6.40 2011el Simulations (Sixth Highest Positive Difference)
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Seventh Highest Positive Differendday 9 at 1@0 hours
CAMx 6.40

Max value: Z.Y94E+01 at (258, 45)
Min value: 3.898E—04 at (105,183} non zero oselle only
Avg value: 1.765E+00 non zero cells only
Grid Total: 1.887E+05

—2412.0 2340.0

246 1332.0
=200
150
100
a0
0 . —1620.0
0 20 100 150 20 250 300 350 396
3.0 6.0 90 120 150 180 21.0 24.0
P304 Cone.
2011el.agvd 40.12us2 : 110509 : 1000
1 Hourly Average
Difference (6.32 6.40)
Max value: 1.502E+01 at {258, 45)
Min value: —5.044E-01 at {R61, 51} non zero cells only
Avg value: 4.5566E-02 non zerc cells only
Grid Taotal: 4.3B0E+03
—2412.0
246

100

a0

-5.00 —-100 —-010 —-0.01 001 0.10 1.00 500

F204 Conc. Difference
201lelag.vé 32.12us2 — 201lelag.vé 40.12us2 : 110509 : 1000
1 Hourly Average

Figure 4-50: Comparison of Sulfate Concentrations j(g/m?) for CAMx 6.32 and CAMXx
6.40 2011el Simulations
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Eighth Highest Positive DifferencBiecember 30 at 2B hours
CAMx 6.40
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Figure 4-51: Comparison of Sulfate Concentrations |(g/m3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Eighth Highest Positive Difference)
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Ninth Highest Positive Differencéay 12at 1000 hours
CAMx 6.40
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Figure 4-52: Comparison of Sulfate Concentrations |(g/m3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Ninth Highest Positive Difference)
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Tenth Highest Positive Differencktay 20 at 80 hours
CAMx 6.40
Max value: 1.510E+01 al (353,207)
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Figure 4-53: Comparison of Sulfate Concentrations |ig/m?3) for CAMx 6.32 and CAMX
6.40 2011eBimulations (Tenth Highest Positive Difference)
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Maximum Negative Differenceluly 20 at 120 hours
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Figure 4-54: Comparison of Sulfate Concentrations jig/m?®) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Maximum Negative Difference)
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Second Highst Negative Difference: July 20 at@d hours
CAMXx 6.40

Max value: 1.249E+02 al (231,243)
Min value: 2.154E—03 at (257.211) non zero oelle only
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Figure 4-55: Comparison of Sulfate Concentrations |ig/m?3) for CAMx 6.32 and CAMX
6.40 2011el Simulations (Second Highest Negative Difference)
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Third Highest Negative Difference: July 24 1300 hours
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Figure 4-56: Comparison of Sulfate Concentrations j(g/m?) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Third Highest Negative Difference)
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Fourth Highest Negative Differencéuly 20 at 180 hours
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Figure 4-57: Comparison of Sulfate Concentrations |ig/m?3) for CAMx 6.32 and CAMX
6.40 2011ebBimulations (Fourth Highest Negative Difference)
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Fifth Highest Negative Differencduly 21 at 80 hours
CAMx 6.40
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Figure 4-58. Comparison of SulfateConcentrations f1g/m3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Fifth Highest Negative Difference)
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Sixth Highest Negative Differencduly 21 at PO hours
CAMx 6.40
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Figure 4-59: Comparison of Sulfate Concentrations |ig/m?3) for CAMx 6.32 and CAMX
6.40 2011el Simulations (Sixth Highest Negative Difference)
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Seventh Highest Negative Differendetly 20 at 160 hours
CAMx 6.40
Max value: 7.18BE+01 al (230.243)
Min value: 1.002E-02 at (382, 1) non zero celle only
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—2412.0
246
=200
150
100
a0
0
| \ \ | |
3.0 6.0 90 120 150 180 21.0 24.0
P304 Cone.
2011el.agvd 40.12us2 : 110%20 : 1500
1 Hourly Average
Difference (6.32 6.40)
Max value: 5.762E+00 al (348B,148)
Min value: —7.113E400 at (231,244} non zero cells only
Avg value: 6.424E-02 non zero cells only
Grid Total: 6.170E+03
—2412.0 2340.0
246 1332.0
=00
150
100
50
0] —1620.0
0 20 100 150 20 250 300 350 396
[ \ [ [ I |
=500 —-100 —-0.10 —-0.01 001 0.10 1.60 500
F304 Conc. Difference
2011lellagvd 32.12us2 — 201lelag.v8 40.12u=z @ 110720 : 1500
1 Hourly Average

Figure 4-60: Comparison of Sulfate Concentrations j(g/m?) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Seventh Highest Negative Difference)
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Eighth Highest Negative Differencduly 21 at 40 hours
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Figure 4-61: Comparison of Sulfate Concentrations |ig/m?3) for CAMx 6.32 and CAMX
6.40 2011eBimulations (Eighth Highest Negative Difference)
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Ninth Highest Negative Differencduly 20 at 100 hours
CAMx 6.40
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Figure 4-62: Comparison of SulfateConcentrations f1g/m3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Ninth Highest Negative Difference)
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Tenth Highest Negative Differencganuary 4 at A& hours
CAMx 6.40

Max value: 2.139E+01 at (170, 29)
Min value: §.235E-02 at (200, 18) non zero celle only
Avg walue: B8.931E-01 non zero cells only
Grid Total: 8.08H8E+04
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Avg wvalue: 2.B37E—-02 non zere cells only
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—z2412.0 =340.0

200
150
100
50 !
0 RN - —1520.0

0 50 100 150 200 250 300 350 396

=5.00 —-1.00 —-0.10 —-0.01 0.01 .10 1.00 5.00

F3204 Conc. Difference
2011elagvé 32.12us2 — 201lelag.vé 40.12us=s2 : 110104 : 1800

1 Hourly Average

Figure 4-63: Comparison of Sulfate Concentrations |ig/m?3) for CAMx 6.32 and CAMX
6.40 2011el Simulations (Tenth Highest Negative Difference)
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2011el CAMx Benchmark Comparison - All IMPROVE Sites/All Days
Daily PSO4 Concentration (ug/m3)
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Figure 4-64: Scatterplot Comparing 24hour Average Predicted Sulfate Concentrations
(ng/m?3) for All Days at all IMPROVE Monitor Locations for CAMx 6.32 and CAMXx 6.40

2011el Simulations Performed by VISTAS (Alpine).

August 17, 2020

76



ALPINE
GEOPHYSICS CAMx Benchmarking Report#2 “E RG

4.4  Nitrate

Nitrateresults for the top 10 positive and negatioeirsare presented in tabular format
in Table 44. The maximum positive difference28.08ug/m? falling to 21.00ug/m? for the
10th high. The maximum negative differenceni€5ug/m? falling to -6.16ug/m? for the 10th
high. The maximum positive percent difference from these da®81i®6 and negative percent
difference 0f79.6%

The top 10 positiveifferencehours are presented in Figure$8through 474. The
maximum positive difference hours all occur on eitheptembe4th or May 14thOn
September 24th the peak impacts are in Canada just north of the New York border. On May 14th

the peak impacts are again in Canada, but somewhat further west,fricakie drie.

The top 10 negativeifferencehours are presented Kigures 475 through 484. The
peak hours are either on January 25th, January 26th, or Febré&arythie January days the peak
impact is occurring in southern Indiana. For the Februayytitapeak impact is in eastern

Oklahoma. Thesare both areas for high locatnate concentrations in CAMx 6.40.

Scatterplots of the daily averaggrateconcentrations in local standard time at the
IMPROVE monitors are presented in Figur83 The CAMX 6.40 results are plotted on the x
axis and the CAMx 6.32 results are plotted on Haxig. The data has considerably more scatter
than the ozone or PMresults with a line of best fit with a slope@B276 an intercept of
0.0013ng/m?and an Rof 0.9635 Unlike the sulfate results which showed the CAMx 6.32
results nearly uniformly higher that CAMx 6.40, the nitrate reshlbsvamore uniform scatter
around the 1:1 lineNitrate in most inland areas of the easter8. dppears slightly higher in
v6.4 during the majority of hours. Superimposed on this slight increase there are occasional
periods where when CAMx 6.40 is lower than CAMx 6.32, and other periods when CAMx 6.40
is higher than CAMx 6.32. The net resudemongate a fairly uniform gatter aroud the 1:1

line.
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Table 4-4. Comparison of 2011el CAMx 6.32 and CAMx 6.40 Simulation dflitrate
Concentrations (1g/m3). Hours with the top 10 maximum positive and maximum ngative
differences are shown.

6.32 6.40 Difference | Percent
Year | Month | Day | Hour Conc. | Conc. (ug/m?d) Difference Column | Row
Maximum Positive
2011 9 24 4 30.90 2.82 28.08 997.3% 342 201
2011 9 24 3 32.93 5.53 27.40 495.7% 343 201
2011 5 14 13 31.25 4.39 26.86 611.1% 306 181
2011 5 14 14 27.89 1.67 26.22 1570.6% 305 182
2011 5 14 15 26.94 1.03 25.91 2512.0% 305 182
2011 9 24 5 29.33 3.63 25.70 708.6% 342 200
2011 5 14 12 33.53 8.61 24.92 289.6% 306 181
2011 5 14 16 24.38 1.67 22.71 1362.8% 305 182
2011 5 14 11 33.01 | 10.58 22.43 211.9% 306 180
2011 9 24 6 27.46 6.47 21.00 324.7% 341 199
Maximum Negative

2011 1 25 22 2.57 9.62 -7.05 -73.3% 274 122
2011 1 25 21 4.19 11.19 -7.00 -62.5% 274 123
2011 1 25 23 2.75 9.67 -6.92 -71.6% 274 120
2011 1 25 20 5.50 12.17 -6.68 -54.9% 274 123
2011 1 26 0 2.61 9.27 -6.66 -71.9% 274 119
2011 2 1 6 1.68 8.23 -6.55 -79.6% 220 92

2011 2 1 5 1.56 8.08 -6.52 -80.7% 219 92

2011 1 25 19 6.37 12.59 -6.22 -49.4% 274 124
2011 1 26 3 4.80 10.99 -6.20 -56.4% 279 149
2011 2 1 4 2.68 8.84 -6.16 -69.6% 211 86
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Maximum Positive DifferenceSeptember 24t 400 hours
CAMx 6.40
Max value: 2.481E+01 al (348,204)
Min value: 4.080E—05 at (355, 5} non zero cells only
Avg value: Z.232E-01 non zerc cells only
Grid Total: 2.148E+04
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PNG3 Conc.
2011el.agvd 40.12us2 : 110824 : 0400
1 Hourly Average
Difference (6.32 6.40)
Max value: Z.B0BE+01 at (342,201)
Min value: —7.8338E—01 at (305,158} non zere cells only
Avg value: 1.711E-02Z non zero cells only
Grid Total: 1.845E+03
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0 o0 160 130 200 250 300 350 396
[ \ \ \ | |
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1 Hourly Average

Figure 4-65: Comparison of Nitrate Concentrations (ug/m?3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Maximum Positive Difference)
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Second Highest Positive Differenc®@eptember 24 atd® hours
CAMx 6.40
Max value: Z.822E+01 al (350.204)
Min value: 4.783E—05 at (356, 5} non zero cells only
Avg value: 1.953E-01 non zerc cells only
Grid Total: 1.8VBE+04
—2412.0 2340.0
248 _
200
150
100
a0
0
0 20 100 150 20 250 300 350 396
| \ \ | |
1.00 2,00 300 400 500 600 7.00 8.00
PNG3 Conc.
2011el.ag.¥6 40.12u=2 : 110024 : 0300
1 Hourly Average
Difference (6.32 6.40)
Max value: Z.740E+01 at (343,201)
Min value: —6.4908E-01 at (120,111} non zere cells only
Avg value: 1.491E-0Z non zerc cells only
Grid Total: 1.433E+03
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Figure 4-66. Comparison of Nitrate Concentrations (1g/m?3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Second Highest Positive Difference)
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Third Highest Positive Differencéay 14 at 180 hours
CAMx 6.40
Max value: 3.33BE+01 al (314,177)
Min value: 4.485E—056 at (345,218} non zero oelle only
Avg value: Z.577E-01 non zero cells only
Grid Total: 2.4VBE+034
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Max value: 2.68BE+01 at (308,1B1)
Min value: —1.693E+00 at (335,164} non zere cells only
Avg walue: 1.234E-02 non zerc cells only
Grid Taotal: 1.1B7E+03
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Figure 4-67: Comparison of Nitrate Concentrations (1g/m?3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Third Highest Positive Difference)
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Fourth Highest Positive Differenchtay 14 at 140 hours
CAMx 6.40
Max value: 3.040E+01 al (314,177)
Min value: L408E—056 at (379,218} non zero oelle only
Avg value: Z.221E-01 non zerc cells only
Grid Total: 2.135E+04
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Figure 4-68: Comparison of Nitrate Concentrations (1g/m?3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (éurth Highest Positive Difference)
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Fifth Highest Positive Differencéday 14 at 150 hours
CAMx 6.40
Max value: Z.78VE+01 al (314,177)
Min value: Y.BG2E—06 at (379,218} non zero oelle only
Avg walue: 1.921E-01 non zereo cells only
Grid Total: 1.847E+04
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Figure 4-69: Comparison of Nitrate Concentrations (1g/m?3) for CAMx 6.32 and CAMX
6.40 2011el Simulations (Fifth Highest Positive Difference)
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Sixth Highest Positive Differenc&eptember 24 atd® hours
CAMx 6.40
Max value: 2.331E+01 al (348,202)
Min value: 2.983E-05 at (365, 10) non zero celle only
Avg value: Z.510E-01 non zero cells only
Grid Total: 2.413E+04
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Difference (6.32 6.40)
Max value: Z2.5Y0E-+01 al (342,200)
Min value: —7.858E-01 at (305,158} non zero cells only
Avg values: 1.624E-02 non zero cells only
Grid Total: 1.628E+03
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Figure 4-70: Comparison of Nitrate Concentrations (1g/m?3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Sixth Highest Positive Difference)
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Seventh Highest Positive Differendday 14 at 1P0 hours
CAMx 6.40

Max value: 3.582E+01 al (312,178)
Min value: 4.336E—056 at (374,230} non zero oelle only
Avg value: Z.921E-01 non zerco cells only
Grid Total: 2.808E+04
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Figure 4-71: Comparison of Nitrate Concentrations (1g/m?3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Seventh Highest Positive Difference)
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Eighth Highest Positive Differenc®ay 14 at 160 hours
CAMx 6.40
Max value: Z2.473E+01 al (314,177)
Min value: 8.528E—06 at (379,218} non zero oelle only
Avg value: 1.731E-01 non zerc cells only
Grid Total: 1.684E+04
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Max value: 2.2871E+01 at (305,182)
Min value: —2.680E4+00 at (317,178} non zere cells only
Avg value: T.198E-03 non zero cells only
Grid Total: B6.821E+02
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Figure 4-72. Comparison of Nitrate Concentrations (1g/m?3) for CAMx 6.32 and CAMXx
6.40 2011eBimulations (Eighth Highest Positive Difference)
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Ninth Highest Positive Difference: May 14 at@d hours
CAMx 6.40
Max value: 3.689E+01 al (315,178)
Min value: 3.186E—056 at (380,240} non zero oselle only
Avg value: 3.125E-01 non zerc cells only
Grid Total: 3.004E+04
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Difference (6.32 6.40)
Max value: 2.243E+01 at (308,180)
Min value: —1.71%E+00 at (335,181} non zero cells only
Avg walue: 1.374E-02 non zerc cells only
Grid Total: 1.2321E+03
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Figure 4-73: Comparison of Nitrate Concentrations (ug/m?) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Ninth Highest Positive Difference)
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Tenth Highest Positive Differenc8eptember 24 ai0® hours
CAMx 6.40
Max value: Z2.013E+01 al (347.201)
Min value: 2.233E—056 at (371,202} non zero oelle only
Avg value: Z.797E-01 non zero cells only
Grid Total: Z2.688E+04
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Max value: Z2.1C0E+01 at (341,199)
Min value: —8.385E-01 at (342,155} non zero cells only
Avg wvalue: 1.832E-02 non zere cells only
Grid Taotal: 1.570E+G3
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Figure 4-74: Comparison of Nitrate Concentrations (1g/m?3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Tenth Highest Positive Difference)
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Maximum Negative Difference: January 25 ai0®2hours
CAMx 6.40
Max value: 1.037E+01 at (289, 33)
Min value: 4.2%4E-05 at (304, 50) non zero celle only
Avg value: 1.200E+00 non zero cells only
Grid Total: 1.153E+05
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Difference (6.32 6.40)
Max value: Z2.798E+00 at (347,106)
Min value: —7.052E4+00 at (274,122} non zere cells only
Avg value: —2.36BE—-01 non zeroe cells only
Grid Total: —2.278E+04
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Figure 4-75. Comparison of Nitrate Concentrations (1g/m3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Maximum Negative Difference)
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Second Highedilegative Difference: January 25 at®lhours
CAMXx 6.40

Max value: 1.119E+01 al (274,133)
Min value: 6.453E-05 at (266, 17) non zero celle only
Avg value: 1.177E+00 non zereo cells only
Grid Total: 1.132E+05
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Min value: —6.998E4+00 at (274,123} non zere cells only
Avg value: —2466E—01 non zere cells only
Grid Total: —2.371E+04
—2412.0
246
=00
150
100
50
0

-5.00 -1.00 -0.10 —-0.01 0.01 0.10 1.00 5.00

PNO3S Cone. Difference
201lelag.vé 32.12us2 — 201lelag.vé 40.12us2 : 110125 : 2100
1 Hourly Average

Figure 4-76: Comparison of Nitrate Concentrations (1g/m3) for CAMx 6.32 and CAMXx
6.40 2011el SimulationgSecond Highest Negative Difference)
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Third HighestNegative Difference: January 25 ai0®3hours
CAMx 6.40

Max value: 1.039E+01 al (260,170)
Min value: 4.389E-05 at (300, 28) non zero celle only
Avg value: 1.251E+00 non zero cells only
Grid Total: 1.203E+05

—2412.0 2340.0
246 — N e . :

200

150

100

ol

—1620.0
0 20 100 130 20 250 300 350 396

1.00 2,00 3.00 4.60 5.00 6.00 7.00 8.00

PNG3 Conc.
2011el.agvd 40.12us2 : 110125 : 2300
1 Hourly Average

Difference (6.32 6.40)

Max value: 4.017E+00 at (344,105)
Min value: —6.219E4+00 at (274,120} non zere cells only
Avg value: —2.283E—-01 non zero eells only
Grid Total: —2.205E+04
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Figure 4-77: Comparison of Nitrate Concentrations (1g/mq) for CAMx 6.32 and CAMx
6.40 2011el Simulations (Third Highest Negative Difference)
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Fourth HighesiNegative Difference: January 2528100 hours
CAMXx 6.40

Max value: 1.21VE+01 al (274,133)
Min value: 2.614E-05 at (268, 24) non zero celle only
Avg walue: 1.1BSE+00 non zero cells only
Grid Total: 1.143E+05
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Avg value: —2.534E—01 non zero cells only
Grid Total: —2.437E+04
—=2412.0
246
200
150
100
50
0

0 50 100 150 200 250 300 350 396

=500 —-1.00 —-0.10 —-0.01 0.01 0.10 1.00 5.00

PNGZ Cone. Difference
201lelag.vé 32.123us2 — 201lelag.vé 40.12us2 : 110125 : 2000
1 Hourly Average

Figure 4-78: Comparison of Nitrate Concentrations (1g/m3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Fourth Highest Negative Difference)
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Fifth Highest Negativ®ifference: January 26 at 00 hours
CAMx 6.40

Max value: 1.055E+01 al (259,189)
Min value: 1.684E-05 at (303, 24) non zero celle only
Avg value: 1.314E+00 non zero cells only
Grid Total: 1.283E+05
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Figure 4-79: Comparison of Nitrate Concentrations (1g/m?3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Fifth Highest Negative Difference)
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Sixth Highest Negative DifferencEebruary 1 at® hours
CAMx 6.40

Max value: 1.398E+01 at (321, 31)
Min value: 6.451E—085 at ( 2,222} non zero cells only
Avg value: B8.B2BE-01 non zero cells only
Grid Total: 8.554E+04
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Figure 4-80: Comparison of Nitrate Concentrations (1g/m3) for CAMx 6.32 and CAMXx
6.40 2011eBimulations (Sixth Highest Negative Difference)
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Seventh Highest Negative Differend¢esbruary 1 at@0 hours
CAMx 6.40

Max value: 1.141E+01 at (250, 46)
Min value: 6.260E—085 at ( 2,221} non zero cells only
Avg value: B8.B95E-01 non zero cells only
Grid Total: 8.551E+034

100

ol

—1620.0
0 20 100 130 20 250 300 350 396

1.00 2,00 3.00 4.60 5.00 6.00 7.00 8.00

PNG3 Conc.
2011el.agvd 40.12us2 : 110201 : 0500
1 Hourly Average

Difference (6.32 6.40)

Max value: 1.704E+00 at (258,110)
Min value: —8.520E+00 at (218, 98) non zero cells only
Avg value: —1.5B3E—01 non zera cells only
Grid Total: —1.522E+04
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Figure 4-81: Comparison of Nitrate Concentrations (1g/m3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Seventh Highest Negative Difference)
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Eighth HighesiNegative Difference: January 251900 hours
CAMx 6.40

Max value: 1.27Y2E+01 al (155,245)
Min value: 2481E-05 at (264, 23) non zero celle only
Avg value: 1.231E+00 non zereo cells only
Grid Total: 1.184E+05
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Figure 4-82: Comparison of Nitrate Concentrations (1g/m?) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Eighth Highest Negative Difference)
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Ninth HighestNegative Difference: January 26 &@hours
CAMx 6.40

Max value: 1.19BE+01 al (281,155)
Min value: 2.217YE-05 at (30%, 23) non zero celle only
Avg value: 1.530E+00 non zero cells only
Grid Total: 1.470E+05
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Max value: 5.519E+00 at {337, 98)
Min value: —8.197E+00 at (279,148} non zero cells only
Avg value: —2467E—01 non zera cells only
Grid Total: —2.362E+04
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Figure 4-83: Comparison of Nitrate Concentrations (1g/m3) for CAMx 6.32 and CAMXx
6.40 2011el Simulations (Ninth Highest Negative Difference)
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Tenth Highest Negative Differenceebruary lat 400 hours
CAMx 6.40

Max value: 1.080E+01 at (252, 45)
Min value: Y.191E—085 at ( 2,220} non zero cells only
Avg value: B8.B15E-01 non zerc cells only
Grid Total: 8.47SE+034
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Figure 4-84: Comparison of Nitrate Concentrations (1g/m3) for CAMx 6.32 and CAMXx
6.40 2011ebimulations (Tenth Highest Negative Difference)
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