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1.0 INTRODUCTION
1.1 Overview

Southeastertates Air Resource Managers, Inc. (SESARM) has been designated by the
United States Environmental Protection Agency (EPA) as the entity responsible for coordinating
regional haze evaluations for the ten Southeastern states 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 participating agencies. These parties are @difepthrough the
Regional Planning Organization known as Visibility Improvemesiiate and Tribal Association
of the Southeast (VISTAS) in the technical analyses and planning activities associated with
visibility and related regional air quality isSuB8STAS 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 agencies in the 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 strategies controlling and managing all créenmollutants 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 will have the

additional benefit of reducing critenmllutants 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 RHR required states to define lbegn strateps to improve visibility in Federal
Class | national parks and wilderness areas. States were required to establish baseline visibility
conditions for the period 206004, natural visibility conditions in the absence of anthropogenic
influences, and an pected 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 protect visibility on the 20% least impaired HayRHR

! 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 January 2017 (82 FR
3078) that were designed to strengthe st r eaml i ne, and clarify cer

regional haze program including:

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

issues and concerns are brought forward early in the planning process.

B. Updatng 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 date for the second planning period remains 2028; tha
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 states to incorporate planning for other Federgtgres 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); the 2012 annual fine particleAMAAQS; and he
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 raptibe 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 comment on their progress
reports before submission to tABA. EPA will be reviewing but not formally approving

or disapproving these progress reports.

TheRHRdef i nes fAcl earest dayso as the 20% of

the lowest deciview (d) ndex val ues. AMost |ihapMof ed 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 visibility for the most impaired days since the basekmiod and ensure no

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

1.2 CAMx 6.40 2028elv3 VISTAS12 and EPA 1252 Comparison
The VISTASII air quality modeling is being performed on a smaller computational grid
than EPA used in deloping the201lel platform. The use of the smaller domamlesigned to

allow SESARM to more efficiently look at air quality issues in the southeastern US.

Alpine hasexecuté two air qualitysimulationsfor the 2@8elv3 base yeamodeling
platform; onerun with CAMx 6.40over the EPA continental US domain (12U&83 ondor
the VISTAS12 domain. The domains are presented in Figlreith the 12US2 domain as the
outer grid and the VISTAS12 domain is shown as the redTdexdomain defirtions for the
two domains are presented in Tabié.1

Table 1-1. VISTAS Il Modeling Domain Specifications

Domain Columns | Rows | Vertical Layers | X Origin (km) Y Origin (km)
CONUS 12 396 246 25 -2,412 -1,620
VISTAS 12 269 242 25 -912 -1,596

=00

150

100

50

0 50 100 150 200 250 300

Figure 1-1. Map of 12km CAMx Modeling Domains.VISTAS12 Domain Represented as
Inner Red Domain.
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2.0 DEVELOPMENT OF VISTAS12 INPUTS

The inputs for the VISTAS12 domain were developed by extracting a subdomain from
the CAMx ready model inputs (commonly referred to as windowing).néteorologyand
emissions inputs were windowed using a slightly modw¥iexsion of the CAMXx utility progam
i wi n o The only required change to tHistributed versioprogram is to allow the program
to window threedimension files instead of just tadimensional filesThe CAMx ozone column
and watermask inputs were windowed usiegy FORTRAN programs gy the same
wi ndowing algorithm as i sTheawmdowirgicodevds dhecked he A w
graphically to assure that the VISTAS12 results were consistent with the 12US2 Témults.
boundary and initial conditions fdine VISTASL2 domain will be extracted from tAQUS2
threedimensional output files using the CAMx BNDEXTR program.

Two issues have been identified that have noted impact on the use of the VISTAS12
domain relative to the 12US2 domdihefirst, and likely the mdssignificant,noted issue is a
time-step difference at the boundary where concentration conditions from outside of the domain
are injected into the modeling domain at one hour intervals comparednmtiet generated
(subhourly) time-step interval with the modeling domain. Eisedifferences can create initial,
significant concentration gradients along the boundary that can be carried through the episode
and transported to grid cells within the modeling domgive second issue is related to the time
step in the model. The time step is determined by the maximum wind in the modeling domain. If
the highest wind in the 12US2 domain occurs somewhere outside the VISTAS12 domain, the
time step in the 12US2 simulation will be longer than in the VISTAS12 domain.

We note that in modeling the VISTAS12 domain with 12US2 boundary conditions, both
of these issues are exacerbated in the modeling due to large emission sources located near the
boundary of the 12US2/VISTAS12 boundaparticularly in Canada

3.0 CONFIRMATION METHODOLOGY
Thepresented@omparisos of modelsimulations aréased on hourly differences in

ozone, PM;, OrganicMatter(OM), Particulate Nitrat¢PNO3) and Particulate Sulfa{®S04)

2 http://www.camx.com/getmedia/88755b80924f07-bcaa596d05e1b4b8/windovemay13_1.tgz
3 Brian Timin, EPA Office of Air Quality Planning and Standards (OAQPS) personal communication October 11, 2018.
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Themetric for comparison at@e absolute difference (Equation 1) goercent difference
(Equation 2)defined as:

(Equation 1) 0 0

(Equation 2)

Where GisTas12is the concentration at each gridl ¢t®ur for theCAMXx simulation over
the VISTAS12 simulation an@i2uszis the concentration at each grid cell hour for@#eMx

simulationover the 12US2

To facilitate the comparison of the results over the same spatial domain, the 12US2
simulation outptifiles were windowed onto the VISTAS2 domain using the I/O*AF3wndw
code.

The results are presented for the hours with the largest difference between the
simulations Eachtable presents the hours with the top 10 positive and negdisatute
differences. Spatial maps are pretehfor the hours with the top highest positive 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 aelvhich these occur, 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 grap@cause the CAMXx results are
unduly influencedy the boundary concentrations around the edges, the analysis does not

include the edge rows and columns of the CAMx domain.

Hourly animations have also been prepared and are available GISthaS 11 project
ftp site. Where appropriate, this report alsports and interprets on the animations.

4 https://www.cmascenter.org/ioapi/
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3.1 CAMx Species Mapping
Several of the key particulate matter species of interest are combinations of CAMx output

variable The CAMx6.40species mapping are presented in Table 3

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

Aggregated Species CAMXx 6.40 Species
Ozone o3
PSO4+PNO3+PNH4+SOA1+SOA2+S0OA3+SOA4+SOPA+SOPI

PMzs OA+PEC+FPRM+FCRS+NA+PCL
Sulfate PSO4
Nitrate PNO3

OrganicMatter(OM) | SOA1+SOA2+SOA3+SOA4+SOPA+SOPB+POA

4.0 VISTAS12 AND 12US2CAMX 6.40 2018EL V3 COMPARISON

This section presents comparisonshaf simulations usinGAMx 6.40 performed on the
Alpine computer systerasingthe SESARM 2028Iv3 modeling platfornover the VISTAS12
and 12US2 domains

4.1 Ozone

Ozone results for the top 10 positive and negatiwersarepresented in tabular format in
Table 41. The maximum positive €ference is18.00ppb falling tol1.76ppb for the 1€h high.
The maxmum negative difference +47.43ppb falling to-12.19 for the 1@h high. Generally he
highestpositiveand negativelifferences are occurring on relativéligh ozonehourswith
concentréons up to 144.19pb for theVISTAS12simulation The maximum positivand

negativepercentifferences ar82.1% and-16.0%, respectively

As expectedthe maximum impets onthe top 10 positive and negatikieursare
occurring very neathe borde(Rowsclose tol or 268 and Columns neaof 241). As was
described in Section 2, the two CAMXx simulations used the same inpuexe¢pt that the
pollutant concentrationsn inflow boundary cells. For the simulation on the VISTAS12 domain
the inflow concentrations are specified in houalyerageboundary conditions extracted from
the 12US2 simulation. For the 12US2 simulation th#dw concentrations were continuously
updatedat every modegieneratedimestepfrom the cells outside the VISTAS12 domain.

Additionally, as noted in an earlier sectidhe CAMx model does not include emissions in the
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border cellsit would be expected that concentration differences wouldrdomon the
differences in hourly averag®ncentrationsversusn theinstantaneousmodetdetermined

concentrationandthe CAMx model excludingmissions along the border

The toptenpositive impact hours are presentedrigures4-1 through 410. Thetopten
negative impact hours are presented in Figuré$ #hrough4-20. The regions ohighest
differencedend to occunlong the northern and western boundarg during shorterm periods

of time.

Scatterplots of the daily average ozone concentrations in local standard time at the
IMPROVE monitorsacross all modeled dagse presented in Figure2d.. Thel2US2results
are plottedbn the xaxis and the VISTAS1Bsults are plotted aihe yaxis. The data has a high
degree of correlation with a line of best fit with a slop&.6002, an intercept of 0.0 ppb and
an R of 0.9999

Examination of the difference animations sh@eme interesting results. On many hours
the differences arfairly smooth without much horizontal differenes,seen ifrigure 410.
Then, in a single houregions of small local gradients occur and the spatial field resembles
Figure 48. Often, over a period of several hquhese small differences disappear and the

smooth structure is restored.

These differences al&ely caused bya combination of factorg he first, and likely the
most significant, noted issue is a thsiep difference at the boundary where concentration
conditions from outside of the domain are injected into the modeling domain at one hour
intervals compared to the model generated-fsulrly) timestep interval within the modeling
domain.The other difference ithe time step in the integration of the A model. The CAMx
model determines the time step based on the highest wind speed in the domain. When the highest
wind speed is located in the VISTAS12 region, tihee step for the VISTAS12 and 12US2
simulations are the same. When the highest wind spabeé iL2US2lomain occurs outside the
VISTAS12 domain, the time steps are different in the two simulatidnis difference in the

time step will yield slightly different concentratiobstween the two region simulations
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Table 4-1. Comparison of 2@8elv3 CAMx 6.40 VISTAS12 and 12US2Simulation of Ozone
Concentrations (ppb) Hours with the top 10 maximum positive and maximum negative
differences are shown.

Year | Month | Day | Hour VISTAS12 | 12US2 | Difference I_Dercent Column | Row
Conc. Conc. (ppb) Difference
Maximum Positive
2011 7 20 15 144.19 126.19 18.00 14.3% 108 240
2011 7 20 16 127.78 112.36 15.42 13.7% 107 240
2011 7 20 17 81.19 66.76 14.43 21.6% 121 241
2011 5 17 8 30.48 17.32 13.17 76.0% 60 6
2011 5 17 7 28.95 15.90 13.05 82.1% 60 5
2011 7 20 21 56.21 43,52 12.69 29.2% 107 241
2011 9 6 8 39.02 26.46 12.56 47.5% 51 2
2011 5 17 9 30.86 18.65 12.21 65.4% 267 107
2011 2 24 0 46.52 34.54 11.98 34.7% 49 3
2011 9 6 9 38.17 26.41 11.76 44 5% 51 2
Maximum Negative
2011 7 17 16 110.95 128.38 -17.43 -13.6% 92 241
2011 7 17 15 12411 141.25 -17.14 -12.1% 90 241
2011 7 17 14 127.73 142.75 -15.03 -10.5% 90 241
2011 7 17 18 83.33 98.35 -15.02 -15.3% 93 240
2011 7 17 17 96.46 111.21 -14.74 -13.3% 92 241
2011 7 17 19 78.65 92.71 -14.06 -15.2% 92 240
2011 7 18 19 70.35 83.73 -13.38 -16.0% 89 241
2011 7 18 18 74.07 87.43 -13.36 -15.3% 89 241
2011 7 18 15 94.25 107.58 -13.34 -12.4% 88 241
2011 7 18 20 68.25 80.44 -12.19 -15.2% 90 240
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Maximum Positive Differenceluly 20at 1500 hours

VISTAS12

Max value: 1.799E+02 at (107,241)
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Figure 4-1: Comparison of Ozone Concentrations (ppb) for CAMx6.40 on VISTAS12 and

12US2Domains 2028elv3 SimulationgMaximum Positive Difference)
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Second Highest Positive Differenciily 20 at160 hours
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Figure 4-2: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgSecond Highest Positive Difference)
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Third Highest Positive Differencduly 20 at 100 hours
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Figure 4-3: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgThird Highest Positive Difference)
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Fourth Highest Positive Differencktay 17 at 80 hours
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Figure 4-4: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgFourth Highest Positive Difference)
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Fifth Highest Positive Differencédlay 17 at D0 hours
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Figure 4-5: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgFifth Highest Positive Difference)
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Sixth Highest Positive Differencguly 2 at 2100 hours
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Figure 4-6: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 Simulation$Sixth Highest Positive Difference)
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Seventh Hipest Positive Differenc&eptembeb at £0 hours
VISTAS12

Max value; 6.548E+0L at ( 81, 8)
Min value: 6.820E-01 at { 21,173) non zero cells only
Avg value: 2.841E+01 non zero cells only
Grid Total: 1.B20E+08

100

0 50 100 150 200 250269
[ \
10.0 20.0 30.0 40.0 50.0 ©60.0 71.0 80.0
03 Cone.
2028elv3.ag.v6 40.vistasl2 : 110906 : 0800
1 Heurly Average
Difference (VISTAS12 12US2)
Max value: 1.256E+01 at ( 2,133)
Min value: —1.954E+00 at ( 61, 2) non zero cells only
Avg value: 1420E-0R non zero cells only
Grid Total: 9.193E+02
2316.0
1308.0
T et A —1596.0
0 50 100 150 200 250269
\ [

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

03 Conc. Difference
2028elv3.ag.v6 40.vistasl? — 2028elv3.ag.v6 40.12us2 : 110806 : 0800
1 Hourly Average

Figure 4-7: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgSeventh Highest Positive Difference)
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Eighth Hidhest Positive Differencéday 17 at 90 hours
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Figure 4-8: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgEighth Highest Positive Difference)
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Ninth Highest Positiv®ifference:February24 at0000 hours
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Figure 4-9: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgNinth Highest Positive Difference)
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Tenth Hghest Positive Differenc&eptembe6 at 90 hours
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Figure 4-10. Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgTenth Highest Positive Difference)
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Maximum Negative Differencetuly 17 at 160 hours
VISTAS12

Max value: 1.210E+02 at ( 91,241)
Min value: 8.890E+00 at { 31,232) non zero cells only
Avg value: 4.001E+01 non zero cells only
Grid Total: 2.564E+086

200

150

100

[
10.0 20.0 30.0 40.0 50.0 ©60.0 71.0 80.0

03 Cone.
2028elv3.ag.v6 40.vistasl2 : 110717 : 1600

1 Heurly Average

Difference (VISTAS12 12US2)

Max value: 5.607E+00 at (129,241)
Min value: —1.743E+01 at ( 92,241) non zero cells only
Avg value: 5.618E-03 non zero cells only
Grid Total: 3.800E+02

24 120 “ 160 06,0
200
150
100
50
0 ~1596.0

0 50 100 150 =200 250269

[ [ \
—5.00 —1.00 -0.10 —0.01 0.01 010 1.00 5.00

03 Conc. Difference
20Z8elv3.ag.v6 40.vistaslZ — 20Z8elv3.ag.v6 40.12us2 : 110717 : 1600

1 Heurly Average

Figure 4-11: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgMaximum Negative Difference)
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Second khhest Negative Differencduly 17 at 160 hours
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Figure 4-12: Comparison of Ozone Concentrations (ppb) for CAMx6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgSecond Highest Negative Difference)
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Third Highes Negative Differencejuly 17 at 140 hours
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Figure 4-13: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgThird Highest Negative Difference)
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Fourth Hghest Ngative Difference: July 17 at 08 hours
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Figure 4-14: Comparison of Ozone Concentrations (ppb) for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgFourth Highest Negative Difference)
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Fifth Highest Negative Differencduly 17 at 120 hours
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Figure 4-15. Comparison of Ozone Concentrations (ppbjor CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgFifth Highest Negative Difference)
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Sixth Highest Negative Differencduly 17 at 190 hours
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Figure 4-16: Comparison of Ozone Concentrations (ppbjor CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgSixth Highest Negative Difference)
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Seventh Hipest Negative Differencduly 18at 190 hours
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Figure 4-17: Comparison of Ozone Concentrations (ppbjor CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgSeventh Highest Negative Difference)
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Eighth Highest Negative iBerence:July 18 at 180 hours
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Figure 4-18: Comparison of Ozone Concentrations (ppbjor CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgEighth Highest Negative Difference)
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Ninth Highest Negative Differencduly 18 at 180 hours
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Figure 4-19: Comparison of Ozone Concentrations (ppbjor CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgNinth Highest Negative Difference)
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Tenth Hghest Negative Differencduly 18 at 200 hairs
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Figure 4-20. Comparison of Ozone Concentrations (ppbjor CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 SimulationgTenth Highest Negative Difference)
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2028elv3 CAMx Benchmark Comparison - All IMPROVE Sites/All Days
Daily O; Concentration (ppb)
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Figure 4-21: Scatterplot Comparing 24-hour Average Predicted Ozone Concentrations
(ppb) for All Days at all IMPROVE Monitor Locations for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 Simulation®erformed by V ISTAS (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 difference383.37nmy/m? falling to 211.49ng/m? for the
10th high. The raximum negative difference i8€96.69ng/m? falling to -174.08my/m? for the
10th high.The maximum positive percent difference from these dai82s%6 and negtive
percent difference 6883.5%.

As expectednd consistent with our ozonedingsin the previous sectigithe maximum
impacts orthe top 10 positive and negatikleursare occurring very near the border. As was
described in Section 2, the two CAMXx simulations used the same input data, except that the
pollutant concentrations an-flow boundary cells. For the simulation on the VISTAS12 domain
the inflow concentrations are specified in hourly boundary conditions extracted from the 12US2
simulation. For the 12US2 simulation thefiow concentrations were continuously updated
from the cells outside the VISTAS12 domain. It would be expected that concentration
differences would occur from the differences in hourly avecageentrationsversusn the
instantaneous concentratioAglditionally, and likely more significant to conceation
differencesthe CAMx model does not include emissidresn the boundary cells.

The topl0 positivedifferencehours are presented Figures 422 through 431 and the
top 10negative impact hars are presented in Table€2 through 441. The hours of the
maximumdifferences are tending to occun July 1721. There were wildfires in Canada in the
area of the maximum difference during this peribds not surprising that the largest difference
is occurring wher@oted large sourcemissons areinput into the model near a boundary where
the time averaging of the pollutants flowing into the cells are diffe@mthe day of the
maximum positive difference (July 21 at 0400) the maximum difference iy Bdhcentration
was 38343 ng/m?® ppb. At this hourat this grid celthe difference in the sulfate, nitrate, and OM
concentrations werg.7& ng/m* 0.835ng/m?, 295.99 ny/m?, respectively with the difference
dominated by the differences in tB&1 estimatesThe high local emissions dominated by OM

as is expected from wildfire emissions

Scatterplots of the daily averag&l. sconcentrations in local standard time at the

IMPROVE monitors are presented in Figurd2. The 12US2 results are plotted on thaxis
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and the VISTAS12 results are plotted on thexis. The data has a high degree of correlation
with a line of best fit with a slope of 1.080an intercept of 0.&L pg/m3and an Rof 1.0000.

Examination of thalifferenceanimationsoften show differences along the boundary

becoming lower as the plumes along the boundary move into the domain.

Table 4-2. Comparison 0f2028elv3CAMx 6.40 VISTAS12 and 12US2 Simulation oPM25
Concentrations frg/m3). Hours with the top 10 maximum positive and maximum negative
differences are shown.

Year | Month | Day | Hour VI%‘I(;,:;S-lz 1CZOL:]§2 Défgz;;anr;;:e D?f?erf:nnc;[e Column | Row
Maximum Positive
2011 7 21 4 949.91 566.54 383.37 67.7% 104 241
2011 7 20 14 1660.05 1353.59 306.46 22.6% 107 241
2011 7 20 15 839.18 559.74 279.44 49.9% 107 241
2011 7 20 11 2740.11 2470.87 269.24 10.9% 107 241
2011 7 21 3 3176.80 2914.06 262.74 9.0% 104 241
2011 7 21 1 2369.71 2110.12 259.59 12.3% 104 241
2011 7 20 12 3022.91 2785.90 237.01 8.5% 107 241
2011 7 20 23 448.18 221.41 226.78 102.4% 102 241
2011 7 21 0 732.17 508.25 223.92 44.1% 103 241
2011 7 20 9 6964.26 6752.77 211.49 3.1% 105 241
Maximum Negative
2011 7 20 15 4857.63 5154.32 | -296.69 -5.8% 105 241
2011 7 20 16 4003.88 | 4266.41| -262.54 -6.2% 105 241
2011 7 20 14 5167.65 542955 | -261.90 -4.8% 106 241
2011 7 17 11 508.55 761.67 -253.12 -33.2% 89 241
2011 7 20 13 6146.56 | 6389.86 | -243.30 -3.8% 106 241
2011 7 17 12 496.56 725.04 -228.48 -31.5% 89 241
2011 7 20 12 7718.44 | 7943.32| -224.88 -2.8% 106 241
2011 7 19 10 815.91 1032.49 | -216.58 -21.0% 104 241
2011 7 17 10 429.07 644.79 -215.71 -33.5% 89 241
2011 7 19 9 828.90 1002.97 | -174.08 -17.4% 103 241
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Maximum Positive Differenceluly 21at 400 hours
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Figure 4-22: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgMaximum Positive Difference)

August 17, 2020

32



ALPINE
GEOPHYSICS

CAMx Benchmarking Report #5

VERG

Second Highst Positive Differencetuly 20 at 180 hours
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Figure 4-23: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSecond Highest Positive Difference)
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Third Highest Positive Differencduly 20 at 180 hours

VISTAS12

Max value: 4.858E+03 at (105,241)
Min value: 7.122E-02 at { 37.234) non zero cells only
Avg value: 4.963E+00 non zero cells only
Grid Total: 3.180E+05

-912.0 2316.0
242 - 13068.0
200
150
100
50
0 b —1596.0
0 50 100 150 200 250269
\ [ \ \ |
5.0 10.0 15.0 20.0 250 30.0 350 400
PM25 Conc.
2028elv3.ag.v6 40.vistasl2 : 110720 : 1500
1 Heurly Average
Difference (VISTAS12 12US2)
Max value: 2.793E+02 at (107,241)
Min value: —2.971E+02 at (105,241) non zero cells only
Avg value: 1.966E—-03 non zerc cells only
Grid Total: 1.260E+02
-912.0 2316.0
242 1308.0
200
150
100
50
0 —1596.0
0 50 100 150 200 250269

-56.00 -1.060 —-0.10 —-0.01 0.01 0.10 1.00 5.00

PM25 Conc. Difference
2028elv3.ag.v6é 40.vistaslZ — 2028elv3.ag.v6 40.12usz : 110720 : 1500

1 Hourly Average

Figure 4-24: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulation¢Third Highest Positive Difference)
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Fourth Highest Positive Differencduly 20 at 100 hours
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Figure 4-25. Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFourth Highest Positive Difference)
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Fifth Highest Positive Differencduly 21 at 80 hours

VISTAS12

Max value: 6.608E+03 at (105,241)
Min value: 1.483E—02 at {128,220) non zero cells only
Avg value: 4.910E+00 non zero cells only
Grid Total: 3.146E+05
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Figure 4-26: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFifth Highest Positive Difference)
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Sixth Highest Positive Differencduly 21 at 00 hours

VISTAS12

Max value: 6.590E+03 at (105,241)
Min value: 1.383E—02 at (128,228) non zero cells only
Avg value: 4.979E+00 non zero cells only
Grid Total: 3.190E+05
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Figure 4-27. Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulation$Sixth Highest Positive Difference)
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Seventh Highest Positive Differenclily 20 at 120 hours

VISTAS12

Max value: 7.720E+03 at (106,241)
Min value: 1.155E—02 at {138,208) non zero cells only
Avg value: 5.683E+00 non zero cells only
Grid Total: 3.842E+05
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Figure 4-28: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSeventh Highest Positive Difference
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Eighth Highest Positive Differencduly 20 at 280 hours

VISTAS12

Max value: 4.835E+03 at (105,241)
Min value: 8658E—03 at (128,228) non zero cells only
Avg value: 4.7RBE+00 non zero cells only
Grid Total: 3.030E+05
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Figure 4-29: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgEighth Highest Positive Difference)
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Ninth Highest Positive Differencduly 21 at 000 hours

VISTAS12

Max value: 5.245E+03 at (105,241)
Min value: 3.871E—03 at (128,226) non zero cells only
Avg value: 4.800E+00 non zero cells only
Grid Total: 3.076E+05
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Figure 4-30: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgNinth Highest Positive Difference)
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Tenth Highest Positive Differencduly 20 at 90 hours

VISTAS12

Max value: 6.965E+03 at (105,241)
Min value: 5.561E-02 at (256, ¥7) non zero cells only
Avg value: 5.600E+00 non zero cells only
Grid Total: 3.525E+05
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Figure 4-31: Comparison of PM2s Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgTenth Highest Positive Difference)
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Maximum Negative Differenceluly 20 at 160 hours

VISTAS12

Max value: 4.858E+03 at (105,241)
Min value: 7.122E-02 at { 37.234) non zero cells only
Avg value: 4.963E+00 non zero cells only
Grid Total: 3.180E+05
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Figure 4-32. Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgMaximum Negative Difference)
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Second Highest Negative Differendetly 20at 1680 hours
VISTAS12
Max value: 4.004E+03 at (105,241)
Min value: 1.618E-02 at { 74,234) non zero cells only
Avg value: 4.797E+00 non zero cells only
Grid Total: 3.074E+05
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Figure 4-33: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSecond Highest Negative Difference)
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Third Highest Negative Differencduly 20 at 180 hours

VISTAS12

Max value: 5.169E+03 at (106,241)
Min value: 6.786E-02 at {136, 12) non zero cells only
Avg value: 5.1567E+00 non zero cells only
Grid Total: 3.305E+05
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Figure 4-34: Comparison of PMz.5 Concentrations (my/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgThird Highest Negative Difference)
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Fourth Highest Negative Differencéuly 17at 1100 hours

VISTAS12

Max value: 8.994E+02 at (124,240)
Min value: 5.334E-02 at {158, 51) non zero cells only
Avg value: 4.795E+00 non zero cells only
Grid Total: 3.073E+05
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Figure 4-35. Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFourth Highest Negative Difference)
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Fifth Highest Negative Differencduly 20 at 180 hours

VISTAS12

Max value: 6.332E+03 at (106,239)
Min value: 4.421E—02 at {143,205) non zero cells only
Avg value: 5.411E+00 non zero cells only
Grid Total: 3.487E+05
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Figure 4-36: Comparison of PMzs Concentrations frg/m®) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFifth Highest Negative Difference)
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Sixth Highest Negative Differencduly 17 at 120 hours

VISTAS12

Max value: 7.958E+02 at (124,240)
Min value: 3.406E-02 at {169, 24) non zero cells only
Avg value: 4.752E+00 non zero cells only
Grid Total: 3.045E+05
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Figure 4-37: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulation$Sixth Highest Negative Difference)
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Seventh Highest Negative Differendetly 20 at 120 hours

VISTAS12

Max value: 7.720E+03 at (106,241)
Min value: 1.155E—02 at {138,208) non zero cells only
Avg value: 5.683E+00 non zero cells only
Grid Total: 3.842E+05
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Figure 4-38: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSeventh Highest Negative Difference)
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Eighth HighestNegative Differenceduly 19 at 100 hours
VISTAS12
Max value: 2.529E+03 at (105,238)
Min value: 4.055E-02 at {129, 14) non zero cells only
Avg value: 5.139E+00 non zero cells only
Grid Total: 3.293E+05
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Figure 4-39: Comparison of PMzs Concentrations frg/m®) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgEighth Highest Negative Difference)

August 17, 2020

49



ALPINE
GEOPHYSICS CAMx Benchmarking Report #5 “E RG
Ninth Highest Negative Differencduly 17 at 100 hours
VISTAS12
Max value: 1.053E+03 at (124,240)
Min value: 2.604E-02 at {158, 51) non zero cells only
Avg value: 4.706E+00 non zero cells only
Grid Total: 3.018E+05
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Figure 4-40: Comparison of PMzs Concentrations frg/m?®) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgNinth Highest Negative Difference)
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Tenth Highest Negative Differencéuly 19 at900 hours

VISTAS12

Max value: 2.731E+03 at (105,238)
Min value: 5.285E-02 at {154, 16) non zero cells only
Avg value: 5.090E+00 non zero cells only
Grid Total: 3.262E+05

-912.0 2316.0
242 13068.0
200
150
100
50
3
B
s} b —1596.0
0 50 100 150 200 250269
[ \
5.0 10.0 15.0 20.0 250 30.0 350 400
PM25 Conc.
2028elv3.ag.v6 40.vistasl2 : 110719 : 0900
1 Heurly Average
Difference (VISTAS12 12US2)
Max value: 6.369E+01 at (120,241)
Min value: —1.741E+02 at (103,241) non zerc cells only
Avg value: —1.0RBE—-0R non zero cells only
Grid Total: —6.585E+02
-912.0 2316.0
242 1308.0
200 |
130
100
50
o B o : ~1596.0
0 50 100 150 200 250269
\ [

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

PM25 Conc. Difference
2028elv3.ag.v6 40.vistasl? — 2028elv3.ag.v6 40.123us2 : 110719 : 0800
1 Hourly Average

Figure 4-41: Comparison of PMzs Concentrations frg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgTenth Highest Negative Difference)
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2028elv3 CAMx Benchmark Comparison - All IMPROVE Sites/All Days
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Figure 4-42: Scatterplot Comparing 24-hour Average Predicted PM.s Concentrations
(my/m?3) for All Days at all IMPROVE Monitor Locations for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 Simulation®erformed by VISTAS (Alpine).

August 17, 2020 52



ALPINE
GEOPHYSICS CAMx Benchmarking Report #5 “E RG

4.3  Sulfate

Sulfate results for the top 10 positive and negatiaeirsare presented in tabular format
in Table 43. The maximum positive difference%s76ng/m? falling to 3.43 ng/m? for the 10th
high. The maximum negatidifference is-4.57 ng/m® falling to -2.34ng/m? for the 10th high.
The maximum positive percent differermethese days i194.3% and negtive percent difference
of -32.7%.

As expectedthe maximum impacts ahe top 10 positive and negatikeursare
ocaurring very near the border. As was described in Section 2, the two CAMx simulations used
the same input data, except that the pollutant concentrationsflowiboundary cellsFor the
simulation on the VISTAS12 domain theflow concentrations are spéed in hourly boundary
conditions extracted from the 12US2 simulation. For the 12US2 simulation-tlogvin
concentrations were continuously updated from the cells outside the VISTAS12 domain. It
would be expected that concentration differences wouldrdoem the differences in hourly
average concentrations, versus in the instantaneous concentratietep 10 positive
differencehours are presented in Figur<l3through 452 and the top 1@egativedifference
hours are presented in Table®3through 462. The peak differences aoecurring between
July 17 and July 20r'he area of the peak impact is very near the northern border, north of

Minnesota.

Scatterplots of the daily averagelfateconcentrations in local standard time at the
IMPROVE nonitors are presented in Figuré3. The 12US2 results are plotted on thaxis
and the VISTAS12 results are plotted on thaxis. The data has a high degree of correlation
with a line of best fit with a slope 4f00L9, an intercept of 0.0@g/m® andan R of 0.9999

Examination of the difference animations often show differences along the boundary

becoming lower as the plumes along the boundary move into the domain.
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Table 4-3. Comparison 0f2028elv3CAMx 6.40 VISTAS12 and 12US2 Simulatiorof
Sulfate Concentrations frg/mq). Hours with the top 10 maximum positive and maximum

negative differences are shown.

Year | Month | Day | Hour VISTAS12 | 12US2 Dlﬁeregce I_Dercent Column | Row
Conc. Conc. (ug/m°) | Difference
Maximum Positive
2011 7 21 4 13.56 7.80 5.76 73.9% 104 241
2011 7 20 14 25.43 20.65 4.79 23.2% 107 241
2011 7 21 3 44,72 40.44 4.28 10.6% 104 241
2011 7 20 15 13.32 9.20 4.12 44.8% 107 241
2011 7 21 1 31.50 27.50 4.00 14.5% 104 241
2011 7 20 12 45.82 41.92 3.90 9.3% 107 241
2011 7 20 11 39.79 35.92 3.87 10.8% 107 241
2011 7 21 0 10.21 6.66 3.55 53.2% 103 241
2011 7 20 23 7.17 3.69 3.48 94.5% 102 241
2011 7 20 22 8.31 4.88 3.43 70.3% 102 241
Maximum Negative

2011 7 20 14 73.45 78.03 -4.57 -5.9% 106 241
2011 7 20 15 66.90 71.41 -4.51 -6.3% 105 241
2011 7 20 13 88.61 92.84 -4.23 -4.6% 106 241
2011 7 20 16 54.97 59.00 -4.03 -6.8% 105 241
2011 7 20 12 112.23 116.24 -4.00 -3.4% 106 241
2011 7 17 11 6.88 10.22 -3.34 -32.7% 89 241
2011 7 17 12 6.87 9.91 -3.04 -30.7% 89 241
2011 7 19 10 11.25 14.18 -2.93 -20.6% 104 241
2011 7 17 10 5.80 8.59 -2.79 -32.5% 89 241
2011 7 19 9 11.52 13.86 -2.34 -16.9% 103 241
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Maximum Positive DifferenceJuly 21at 400 hours
VISTAS12

Max value: 3.625E+01 at (105,241)
Min value: 4.228E—03 at (152,226) non zero cells only
Avg value: 7.978E-01 non zero cells only
Grid Total: 5.112E+04
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Figure 4-43: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgMaximum Positive Difference)
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Second Highest Positive Differenciily 20 at 180 hours
VISTAS12
Max value: 7.345E+01 at (106,241)
Min value: 4.103E-03 at {107, 35) non zero cells only
Avg value: 9.054E-01 non zero cells only
Grid Total: 5.BOZE+04
-912.0 2316.0
242 m 13068.0
200
150
100
50
0 —1596.0
0 50 100 150 200 250269
\ [ \ \ |
20 40 60 80 100 120 140 16.0
P304 Cone.
2028elv3.ag.v6 40.vistasl2 : 110720 : 1400
1 Heurly Average
Difference (VISTAS12 12US2)
Max value: 4.786E+00 at (107,241)
Min value: —4.574E+00 at (106,241) non zerc cells only
Avg value: 8.R60E—04 non zero cells only
Grid Total: 5.293E+01
-912.0 2316.0
242 1308.0
200
130
100
50
0 —1596.0
0 50 100 150 200 250269
[ \ \ \ \ \
—-5.00 -1.00 -0.10 —-0.01 0.01 0.10 1.00 5.00
P304 Conc. Difference
2028elv3.ag.v6 40.vistasl? — 2028elv3.ag.v6 40.12us2 : 110720 : 1400
1 Hourly Average

Figure 4-44: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSecond Highest Positive Difference)
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Third Highest Positive Differencduly 21 at 80 hours
VISTAS12
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Figure 4-45: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulation¢Third Highest Positive Difference)
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Fourth HighesPositive Differenceduly 20 at 180 hours
VISTAS12
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Figure 4-46. Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFourth Highest Positive Difference)
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Fifth Highest Positive Differencduly 21at 100 hours
VISTAS12
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Figure 4-47. Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFifth Highest Positive Difference)
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Sixth Highest Positive Differencduly 20at 120 hours
VISTAS12

Max value: 1.122E+02 at (106,241)
Min value: 1.91YE-03 at {108, 34) non zero cells only
Avg value: 8.695E-01 non zero cells only
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Figure 4-48: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulation$Sixth Highest Positive Difference)
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Seventh Highest Positive Differenciily 20 at 100 hours
VISTAS12
Max value: 1.223E+02 at (106,241)
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Figure 4-49: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulations

August 17, 2020 61



ALPINE
GEOPHYSICS CAMx Benchmarking Report #5 ‘E RG
Eighth Highest Positive Differencduly 21 at 000 hours
VISTAS12
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Figure 4-50: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgEighth Highest Positive Difference)
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Ninth Highest Positive Differencduly 20 at 280 hours
VISTAS12
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Figure 4-51: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgNinth Highest Positive Difference)
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Tenth Highest Positive Differencguly 20 at 2R0 hours
VISTAS12
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Figure 4-52. Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgTenth Highest Positive Difference)
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Maximum Negative Differenceluly 20 at 180 hours
VISTAS12
Max value: 7.345E+01 at (106,241)
Min value: 4.103E-03 at {107, 35) non zero cells only
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Figure 4-53: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgMaximum Negative Difference)
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Second Highst Negative Difference: July 20 at 08 hours
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Figure 4-54: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSecond Highest Negative Difference)
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Third Highest Negative Difference: July 24 1300 hours
VISTAS12
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Figure 4-55: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulationg§Third Highest Negative Difference)
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Fourth Highest Negative Differencéuly 20 at 160 hours
VISTAS12
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Figure 4-56: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFourth Highest Negative Difference)
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Fifth Highest Negative Differencduly 20 at 120 hours
VISTAS12

Max value: 1.122E+02 at (106,241)
Min value: 1.91YE-03 at {108, 34) non zero cells only
Avg value: 8.695E-01 non zero cells only
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Figure 4-57: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFifth Highest Negative Difference)
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Sixth Highest Negative Differencduly 17 at 100 hours
VISTAS12
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Avg value: 8.290E-01 non zero cells only
Grid Total: 5.312E+04

-912.0 2316.0
242 1308.0

200

150

100

50

-y
B

Q i —1596.0
0 50 100 150 200 250269

\ [ \ \ |
20 40 60 80 100 120 140 16.0

P304 Cone.
2028elv3.ag.v6 40.vistasl2 : 110717 : 1100

1 Heurly Average

Difference (VISTAS12 12US2)

Max value: 8.259E—01 at ( 90,240)
Min value: —3.336E+00 at ( 88,241) non zero cells only
Avg value: 1.209E-03 non zero cells only
Grid Total: 7.740E+0L

1308.0
200
150
100
50
o, 50 100 150 200 osoogy 0080

[ \ \ \ \ \
—5.00 —1.06 -0.10 —-0.01 0.01 .10 1.00 500

PS04 Conc. Difference
20Z8elv3.ag.v6 40.vistaslZ — 20Z8elv3.ag.v6 40.12us2 : 110717 : 1100

1 Heurly Average

Figure 4-58: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulation$Sixth Highest Negative Difference)
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Seventh Highest Negative Differendetly 17 at 120 hours
VISTAS12
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Figure 4-59: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSeventh Highest Negative Difference)
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Eighth Highest Negative Differencduly 19 at 100 hours
VISTAS12
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Figure 4-60: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgEighth Highest Negative Difference)
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Ninth Highest Negative Differencduly 17at 100 hours
VISTAS12
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Figure 4-61: Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgNinth Highest Negative Difference)
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Tenth Highest Negative Differencéuly 19 at 90 hours
VISTAS12
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Figure 4-62. Comparison of Sulfate Concentrations ifg/m?) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgTenth Highest Negative Difference)
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2028elv3 CAMx Benchmark Comparison - All IMPROVE Sites/All Days
Daily PSO, Concentration (ug/m3)
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Figure 4-63: Scatterplot Comparing 24hour Average Predicted Sulfate Concentrations
(my/m?3) for All Days at all IMPROVE Monitor Locations for CAMx 6.40 on VISTAS12 and
12US2Domains 2028elv3 Simulation®erformed by VISTAS (Alpine).
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4.4  Nitrate

Nitrateresults for thedp 10 positive and negativieursare presented in tabular format
in Table 44. The maximum positive differences21ng/m? falling to 4.22ng/m? for the 10th
high. The maximum negative difference4s63ng/m® falling to -2.96ng/m? for the 10th high.
The maximum positive percent difference from these day30sP6 and negative percent
difference 0t492%.

As expectedthe maximum impacts ahe top 10 positive and negatikeursare
occurring very near the border. As was descrihéeslection 2, the two CAMXx simulations used
the same input data, except that the pollutant concentrationsflowiboundary cellsFor the
simulation on the VISTAS12 domain theflow concentrations are specified in hourly boundary
conditions extractetfom the 12US2 simulation. For the 12US2 simulation thigow
concentrations were continuously updated from the cells outside the VISTAS12 domain. It
would be expected that concentration differences would occur from the differences in hourly

average corentrations, versus in the instantaneous concentrations

The topl0 positivedifferencehours are presented in Figure$4through 473 and the
top 10negativedifferencehours are presented in Figure§ 4 through 483. The peak
differences are generaltccurring on January 3, July 17 and July 20. On January 3 the area of
the difference is generally in tm®rth westermportion of the domain in an area of a plume
entering the domain from Canada. On July 20 the differences are along the northern border,
north of Minnesota.

Scatterplots of the daily averaggrateconcentrations in local standard time at the
IMPROVE monitors are presented in Figur831 The 12US2 results are plotted on thaxis
and the VISTAS12 results are plotted on thexis. The data has a high degree of correlation
with a line of best fit with a slope 69996, an intercept of 0.000@/m*and an R of 1.0000.

Examination of tk difference animations often show differences along the boundary

becoming lower as the plumes along the boundary move into the domain.
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Table 4-4. Comparison 0f2028elv3CAMXx 6.40 VISTAS12 and 12US2 Simulatia of

CAMx Benchmarking Report #5

VERG

Nitrate Concentrations (rg/mq). Hours with the top 10 maximum positive and maximum
negative differences are shown.

Year | Month | Day | Hour VISTAS12 | 12US2 Dlﬁerer;ce I?ercent Column | Row
Conc. Conc. (ug/m?) | Difference
Maximum Positive
2011 1 3 7 26.59 19.38 7.21 37.2% 32 235
2011 1 3 6 26.46 19.29 7.16 37.1% 32 235
2011 1 3 5 26.34 19.24 7.10 36.9% 32 235
2011 7 20 20 10.58 4.60 5.98 130.1% 99 241
2011 1 3 10 27.68 21.79 5.89 27.0% 33 235
2011 1 3 8 26.83 21.02 5.81 27.6% 32 235
2011 7 20 15 25.48 20.00 5.47 27.4% 107 241
2011 1 3 4 26.62 21.41 5.21 24.3% 32 235
2011 1 3 12 20.45 15.87 4.59 28.9% 16 241
2011 7 20 19 14.19 9.98 4.22 42.3% 99 241
Maximum Negative

2011 1 3 8 18.88 23.51 -4.63 -19.7% 33 233
2011 7 17 15 4.64 9.14 -4.49 -49.2% 90 241
2011 1 3 7 18.28 22.49 -4.21 -18.7% 33 233
2011 7 17 14 9.10 13.25 -4.15 -31.3% 90 241
2011 1 27 10 3.73 7.31 -3.58 -49.0% 224 241
2011 1 3 10 24.33 27.81 -3.48 -12.5% 30 233
2011 1 3 12 16.46 19.80 -3.33 -16.8% 13 240
2011 1 27 11 3.62 6.74 -3.12 -46.3% 224 241
2011 1 3 9 21.84 24.86 -3.02 -12.2% 33 234
2011 7 17 16 2.29 5.25 -2.96 -56.4% 91 241
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Maximum Positive Differencelanuary 3 at@0 hours
VISTAS12

Max value: 2.490E+01 at ( 29,241)
Min value: 1.2Y4E—03 at { 4, 2) non zero cells only
Avg value: 1.099E+00 non zero cells only
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Figure 4-64: Comparison of Nitrate Concentrations fm/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgMaximum Positive Difference)
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Second Highest Positive Differendnuary 3 at@ hours

VISTAS12

Max value: 2.445E+01 at ( 29,241)
Min value: 1.350E—03 at { 4, 2) non zero cells only
Avg value: 1.079E+00 non zero cells only
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Figure 4-65. Comparison of Nitrate Concentrations fig/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSecond Highest Positive Difference)
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Third Highest Positive Differencdanuary 3 at@ hours

VISTAS12

Max value: 2.435E+01 at ( 36,241)
Min value: 1.494E—03 at { 4, 2) non zero cells only
Avg value: 1.061E+00 non zero cells only
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Figure 4-66. Comparison of Nitrate Concentrations fmy/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulation¢Third Highest Positive Difference)
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Fourth Highest Positive Differencduly 20 at 200 hours
VISTAS12
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Figure 4-67. Comparison of Nitrate Concentrations fm/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFourth Highest Positive Difference)
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Fifth Highest Positive Differencdanuary 3 at XD hours
VISTAS12

Max value: 2.500E+01 at ( 29,241)
Min value: 1.625E—03 at { 5, 4) non zero cells only
Avg value: 1.180E+00 non zero cells only
Grid Total: 7.562E+04
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Figure 4-68. Comparison of Nitrate Concentrations fm/m?q) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFifth Highest Positive Difference)
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Sixth Highest Positive Differencdanuary 3 at@ hours

VISTAS12

Max value: 2.516E+01 at ( 29,241)
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Avg value: 1.1RRE+00 non zero cells only
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Figure 4-69: Comparison of Nitrate Concentrations fmy/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulation$Sixth Highest Positive Difference)
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Seventh Highest Positive Differenciily 20 at 180 hours
VISTAS12

Max value: 4.662E+01 at (105,241)
Min value: 4.112E—05 at (167, &) non zero cells only
Avg value: 1.701E-01 non zero cells only
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Figure 4-70: Comparison of Nitrate Concentrations fmy/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSeventh Highest Positive Difference)
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Eighth Highest Positive Differencdanuary 3 at@0 hours

VISTAS12

Max value: 2.442E+01 at ( 36,241)
Min value: 1.443E-03 at (169, 2) non zero cells only
Avg value: 1.043E+00 non zero cells only
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Figure 4-71: Comparison of Nitrate Concentrations (rg/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgEighth Highest Positive Difference)
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Ninth Highest Positive Differencganuary 3 at 100 hours

VISTAS12

Max value: 2.398E+01 at ( 30,241)
Min value: 1.694E—03 at { 2, 11) non zero cells only
Avg value: 1.250E+00 non zero cells only
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Figure 4-72 Comparison of Nitrate Concentrations fm/m?3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgNinth Highest Positive Difference)
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Tenth Highest Positive Differencguly 20 at 100 hours
VISTAS12
Max value: 2.021E+01 at (101,241)
Min value: 3.960E-05 at {129, 11) non zero cells only
Avg value: 1.445E-01 non zero cells only
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Figure 4-73: Comparison of Nitrate Concentrations fm/mq) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgTenth Highest Positive Difference)
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VERG

Maximum Negative DifferenceJanuary 3 at@ hours

VISTAS12

Max value: 2.516E+01 at ( 29,241)
Min value: 1455E—03 at ( 5, 3) non zero cells only
Avg value: 1.1RRE+00 non zero cells only
Grid Total: 7.192E+04
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Difference (VISTAS12 12US2)

Max value: 5.808E+00 at ( 22,235)
Min value: —4.628E+00 at { 33,233) non zero cells only
Avg value: R.780E-03 non zero cells only
Grid Total: 1.782E+02
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Figure 4-74: Comparison of Nitrate Concentrations fig/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgMaximum Negative Difference)
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Second Highedtlegative Differenceduly 17 at 180 hours
VISTAS12
Max value: 7.154E+00Q at (257,165)
Min value: 6.920E—05 at (231, 7) non zero cells only
Avg value: 2.355E-01 non zero cells only
Grid Total: 1.509E+04
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Grid Total: —1.841E+02
-912.0 2316.0
242 1308.0
200
130
100
50
0 —1596.0
0 50 100 150 200 250269
[ \ \ \ \ \
—-5.00 -1.00 -0.10 —-0.01 0.01 0.10 1.00 5.00
PNO3 Conc. Difference
2028elv3.ag.v6 40.vistasl? — 2028elv3.ag.v6 40.123us2 : 110717 : 1500
1 Hourly Average

Figure 4-75. Comparison of Nitrate Concentrations fmy/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSecond Highest Negative Difference)
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Third HighestNegative Difference: January 3 add hours
VISTAS12

Max value: 2.490E+01 at ( 29,241)
Min value: 1.2Y4E—03 at { 4, 2) non zero cells only
Avg value: 1.099E+00 non zero cells only
Grid Total: 7.040E+04
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RN

Max value: 7.2Z06E+G0 at ( 32,235)
Min value: —4.215E+00 at { 33,233) non zero eells only
Avg value: 3.390E-03 non zero cells only
Grid Total: 2.172E+02
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Figure 4-76. Comparison of Nitrate Concentrations fm/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgThird Highest Negative Difference)
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Fourth HighesiNegative Difference: July 15t 1400 hours
VISTAS12
Max value: 9.103E+00 at ( 90,241)
Min value: 1.661E—0d at (230, 6) non zero cells only
Avg value: R2.0RSE-01 non zero cells only
Grid Total: 1.81BE+04
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Figure 4-77. Comparison of Nitrate Concentrations fm/mq) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFourth Highest Negative Difference)
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Fifth Highest Negativ®ifference:January 274t 100 hours

VISTAS12

Max value: 1.503E+01 at ( 63,238)
Min value: 9 690E—06 at (253, 8) non zero cells only
Avg value: 1.982E+00 non zero cells only
Grid Total: 1.270E+05
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Figure 4-78 Comparison of Nitrate Concentrations frg/mq) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgFifth Highest Negative Difference)
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Sixth Highest Negative Differencdanuary 3 at 1@ hours

VISTAS12

Max value: 2.500E+01 at ( 29,241)
Min value: 1.625E—03 at { 5, 4) non zero cells only
Avg value: 1.180E+00 non zero cells only
Grid Total: 7.562E+04
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Figure 4-79: Comparison of Nitrate Concentrations fm/mq) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 Simulation$Sixth Highest Negative Difference)

August 17, 2020
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Seventh Highedtlegative DifferenceJanuary 3 at 100 hours
VISTAS12

Max value: 2.398E+01 at ( 30,241)
Min value: 1.694E—03 at { 2, 11) non zero cells only
Avg value: 1.250E+00 non zero cells only
Grid Total: 8.013E+04
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Figure 4-80: Comparison of Nitrate Concentrations fig/m3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgSeventh Highest Negative Difference)
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Eighth HighesiNegative DifferenceJanuary 274t1100 hours
VISTAS12

Difference (VISTAS12 12US2)

Figure 4-81: Comparison of Nitrate Concentrations fm/m?3) for CAMx 6.40 on VISTAS12
and 12US2Domains 2028elv3 SimulationgEighth Highest Negative Difference)
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