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1. INTRODUCTION

NESCAUM performedgreliminaryanalyses to assess thetdution from states and
regions on the visibility impairmemin Class | areas in the MANEU region. NESCAUM
designed the analyses to serve as updates to those performed for th€ ceppobition to
Regional Haze in the Northeast and Mitantic United StateNESCAUM, 2006). In that
report, NESCAUM used a suite of analysis sdolassess the absolute and relative contribution
of staes for the 2002 baseline year.

This reportupdates the earlier NESCAUM 2002 baseline analysis by provadingtial
assegwmentof the contributimsfrom states in 2007We mainly uséhe methodologs of the
previous assessment in this work, but note instambese our current methodoleg differ.
Section 2 presents the results of tipelatedanalyses, and Sectid compares results the
different methodologies used in this study with each ot&ection 4 presents conclusidram
these analyses

2. SUPPORTING ANALYSES

The following subsections present the analyses that NESCAUM performigisfor
preliminary updéed contribution assessment

2.1. Haze-associated pollutant emissions

This sectionexplores the origin and quantity of halmeming pollutants emitted in the
eastern United State3he pollutants that affect fine particle formation, and thus contribute to
regional haze, are sulfur oxides (g(itrogen oxides (NQ), volatile organic compounds
(VOCs), ammonia (NE), anddirectly emittedparticles with an aerodynamiiameter less than
or equal to 10 an dioa2dPBbis).eThe déianalgzed in tipsrsecnoa fory P M
SO and NQ emissions are from the Continuous Emissions Monitoring System (CEMS)
databasgavailable from the U.S. Environmental Protecthagyency (USEPA) Clean Air Markets
Division (CAMD), which provides hourly pollutant emissions data at regulated emissions
sources (electric generating units, or EGaf25 MW or more) (USEPA, 2011a). Also, we
examinel USEPAGs Nati onal (NEmiosdeterminathe contribugon tromr y
different source types in each region.

Approximately 41 percent of the 4,951 units that reported emissions to CAMD in the
period from 1997 through 2007 had inconsistent reporting, in thanitereported emissian
for a different number of months from year to yeavlost of the units with differences in
reporting(65 percenthadonly oneyearduring the 1997 to 2007 span with a reporting
difference We do not attempt to adjust emissions for these differengepanting. To get a
sense of the possible impadtthe reporting differences reflect unreported emissions (as
opposed to actual shutdownsg)e replaced emissions in years for which uagpeared to have
incompleteannualreporting with the maximum reptedannualemissions for that uniietween
1997 and 2007 This replacement increased the tdi@l emissions byess tharl.5 percent and
SO emissiondy less thar0.9 percentTherefore, it appears that the reporting differences, even

! This inconsigtncy encompasses all units in the CAMD database, not just units in the studied regions.



Contributions to Regional Hz in the Northeast and Miéitlantic United States: Preliminary Update Through 2007 Page2

if actual omissns, have no discernible effect on the overall emigsesrts for purposes of
these analyses.

Sulfur dioxide (SQ)

Figure2-1 showsthe combinedsulfur dioxide §Cz) emissions per the CEMS database in
four regional planning orgezations (USEPA, 2011a): Central Regional Air Planning
Association (CENRAPMANE-VU, Midwest Regional Planning Organization (MWRPO), and
Visibility Improvement State and Tribal Association of the Southeast (VISTAS). Overall
emissions in the regions deasedrom 1997through 2002increased slightly or remained
steady between 2002 and 2005, and teeriinuedo decreasérom 2006 through2007.
Collectively, EGU S@emissions dropped byl3 percent in the combined regions betw2605
and 2007.The gratestrelativedecreases (~15 percent) occurred in the VISTAS and MWRPO
regions; smaller reduction8 {o 10percent) occurred in the CENRAP and MANE regions.
Regional trendsluring this periodire presented more clearlyfigure2-2. Figure2-3 presents
these emissions grouped by region on a digtstate basis.

Figure2-4 shows the percent contribution from different source categories to overall
annual 2008 Sgemissiongn states from the four regional planning organizations (USEPA,
2011b). The chart shows that point sources dominaie®@3sions, which primarily consist of
stationary combustion sources for generating electricity, industrial energy, an&hedler
stationary combustion sourcesd ent i fi ed as fAnonpointd sources
residential heating), are another important source category in the MAN&ates. Osroad
and norroad mobile sources make only a relatively small contribution ¢oathSQ emissions
in all four regions.

Point sources are responsible for the overwhelming majority eE8@sions in the
regions included in this analysis. In tBENRAP,MANE-VU, MWRPO, andVISTAS states in
2008, point sources account for an averddg@ggercent of all S@emissions, or about 8.8
million tons of the 9.5 million tons in the inventory for the included states. Among the regions,
point sourcesn the MANE-VVU regionhave the lowest relative emissions contributevrels,
about 82 percengnd nonpoint sources in MANEU have higher contributions (~17%) than in
other regions (~7 percent average). Mobile sources are responsible for a relatively negligible
portion of SQ emissions in all studied regions.

Oxides of nitrogen (NQ)

Figure2-5 shows emissions trenétsr NOy in the CENRAP,MANE-VU, MWRPO,and
VISTAS states per the CEMS database. Overall emissions in the regions decreased steadily
between 1997 and 20@3ee the trend line iRigure2-5). The decreases were approximately
uniformly distributed to each of the four regions, declining approximatepe8ent over the
five years. Figure2-6 presents these emissions grouped by region on abstatate bais.

Figure2-7 shows the percent contribution from different source categories to overall,
annual 2008 Nemissions in th€ ENRAP,MANE-VU, MWRPO, and VISTAS states
(USEPA, 2011b). The chart shows that mobile sources have kr@gtationary sources as the
largestsourcesectorof NOx emissions in most states. Exceptions to this are the largest NO
emitiing stateswhere large stationary sources contribute significantly to overalleNssions
notably in the CENRAP and MWRPSlates, but also some states in MAMB and VISTAS,
such asAlabama Kentucky,Pennsylvanigand West Virginia.
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Power plants and mobile sources generally dominate stategiodalNOx emissions
inventories. In th€ ENRAP,MANE-VU, MWRPO, andVISTAS regonsin 2008 point sources
account for34 percent of all NQemissions, amounting to over four million toR®int sources
have the highest relative emissions compared to other source types in the MWRPO and VISTAS
regions, where they account for 40 andp88cent, respectivelyOn-roadsources in the more
urbanized nd-Atlantic and mrtheast states dominate to a far greater extent, as shéigune
2-7. In these states, emmad mobile sourcésa category that mainly includesgghiway
vehicle® represent the most significant N&burce categoryNonpoint emissions make up
another 20 percent of the inventory, and are highest (~29 percent) in the CENRAP region.
Emissions from nomoad (i.e., offhighway) mobile sources, primarilyedel enginesare the
least significant source category in the regions, making up only ~12 percent of the inventory
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Figure 2-1. 19972007 power plantsulfur dioxide emissionsby regional planning organizéion, stacked
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Source: USEPA (2011a)

Figure 2-2. 19972007 power plantsulfur dioxide emissions and trenddy regional planning organization, clustered
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The bar chart presents aggregate emissions pf@@ach regional planning organization. Trend lines goeribbd moving annual averages using data from
2002 through 2007.
Source: USEPA (2011a)

Figure 2-3. 19972007 power plantsulfur dioxide emissions by regional planning organization and stajestacked
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Figure 2-4. 2008 silfur dioxide emissions by sourceector andstate
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The bar chart presents relative contributions of &fissions by source type in percent for each state, and the circles connected by a line represents the annual
SO, emissions in millions of tons for each state. States are grouped bgakgianning organization and sorted from highest to lowese8{issions.
Source: USEPA (2011b)

Figure 2-5. 19972007 power plantoxides of nitrogen emissions and trendsy regional planning organization stacked
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Figure 2-7. 2008 xides of nitrogen emissions by sourcgector and state



Pagel6

Point =—C—Total

E=INonpoint

E=E0Onroad E=Nonroad

Jea) Jladsuo] uonnp

x © s N a © © s
- - - -~ - o o o

R R, v |
R S————— e )
N, v |
NN, v
S |
N, e
N, v |
R, v |
S ————————— e
SRR, e

RN, e )

N NNRNNN v

O e

T 7
N
N, e e |
N et

NN, e

N, e |
NN s |
N e
N s |
NN v |
N e i |
SN ot
NS e |
N, v |
L N |

NSNS v @ g

NN O - i |

100% -
75% -
50% -
25% -

0% -

YO

Wer=<>20<kE-EUWTITzFEHOIZ2=s=zZz2z= A
z<n_zZ§§02Clz°:>Qo E—Eu_
* * MANE-VU ® & \jwgp0o —@ © —  VISTAS ——@

<

SH

CENRAP

State - Region

Contributions to Regional Haze in the Northeast and-Kidintic United States: Preliminary Update Through 2007




Contributions to Regional Haze in the Northeast and-Kidintic United States: Preliminary Update Through 2007 Pagel7

The bar chart presents relative contributions of M@issions by source type in percent for each state, and the circles connecte@ bgmdisents the annual
NOx emissions in millions of tons for each state. States are grouped by regional planning organization and sorted froondigdgmNQ emissions.
Source: USEPA (2011b)
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2.2. Sulfur Dioxide Emissions Divided by Distance

This sectiorprovides methods and results for the emissions over dist@xdeapproach.
This approach is described in the original analysis (NESCAUM, 2006), but a brief summary of
methods is presented here, with emphasis on deviations from the previous analysis.

The geographic domain of the sources included irQifiestudy consisted of states in
four regional planning organizatiolSENRAP,MANE-VU, MWRPO, and VISTAS
Emissionsdatawe r e obt ained from the USEPAGs 2008 Nat
consiged of point sources, nonpoint sources (or area sourcesjpadrsources, and aonad
sources. Becausegional2007 emissions inventeswerenot yet available for the MANE/U
or other U.S. regions, NESCAUM used data frina2008NEI as a reasonabsgpproximation.
We also included data from tleasterrCanadian province®dew Brunswick, Newfoundland and
Labrador, Nova Scotia, Ontario, Prince Edward Island,Gunebec NESCAUM obtained
Canadian emissions froEin v i r o n me nNatior@laPollatanaBease Inventory (NPRI):
2007 for point sources; and 2009 for area,-raad mobile, and eroad mobile sources, since
those sources were only available at a proviecel for 2009.

The previous analysis only included emissions from 52 point source<famada,
whereas this analysis includes nearly 400 such sources, which accounts for the large discrepancy
in emissions from Canada between this and the previous andgsiause of the
incompleteness of the S@ventory for Canada in the previous arsady results for CALPUFF
are likely underestimatedNESCAUM, 2006).

Results were calculated for seven receptors: Acadia NationalBtagantine Wilderness
Area in the Forsythe National Wildlife Refuge, Dolly Sods Wilderness Asezat Gulf
Wilderness Aea, Lye Brook Wilderness Area, Moosehorn Wilderness Area, and Shenandoah
National Park.

The empirical formula that relates emission source strength and estimatedignpact
expressed through the following equation:

I :Ci(Q/d)

In this equationthe strength of an emission sour@e|s linearly related to the impadi,that it

will have on a receptor located a distard;egway. As in the previous analysis, distances were
computed using the Haversine function, using an earth radius of 637 Tk effect of
meteorological prevailing winds can be factored into this approach by establishing the constant,
C, as a function of the Awind direction sectol
different constant for each wind directisector, based on prior modeling resdilis this case,
CALPUFFresultd we ar e i n eQfdiresuttstby GAs RUERalculaged source

impacts. The absolute impacts produced are then dependent on the CALPUFF. fidwilts

relative contributionshoweveyof each source within a wind direction sector is established
completely independent of the CALPUFF calculation, yielding a godspendent method of
apportionment to add to our weighitevidence approach.

2The Haversine function is an algorithm to calculate the distance between two points along the surface of a perfect
sphere. Itis discussed in greater detail in te®ipus report (NESCAUM, 2006).
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The same values f@; as were used in the pieus analysis were used in this analysis.
Therefore, this analysis essentially uses 2002 meteorology and conditions to process the 2007
estimated emissionsBy using wind vector factors derived from 2002 meteorologyhave a
common set of conditions tompare potential changes in relative contributions among upwind
states between 2002 and 2003king at changes in emissions alofide C; constants are
presented in Appendix A.

As with the previous analysis, to calculate the impact that each stabe lagiven
receptorwe summedhe area and mobile source Shissions across the entire state, and
calculated he di stance to the receptor site for tho
geographic center, adjusted for population density. Populeénters were not available for
Canadian provinces, so we used the coordinates of the highest population city or region for each
provinceinstead® U.S. state population centers for 2010 were obtained from the U.S. Census
Bureau (2011). In this wawe treatedhe area source emissioamsa single point source located
at the populatiorweighted center of each stat¥e thenaddedthese impactt those from
individually-calculatedpoint sources.

States that contribute to any MANRUJ receptor above 0.10g/m? are:Georgia, Indiana,
Kentucky, Maryland, North Carolina, Ohio, Peninayia, Virginia, and West VirginiaCanada
in the aggregatalso contributes above this levd@lable2-1 shows the relative contridon of
eastern states and Canadian provinces on seeeggtor sites in the regiokigure2-8 and
Figure2-9 show the correspondin@/d rankings across a set dbrtheasandMid-Atlantic
Class | aream or neathe MANE-VU region

Acadia, Great Gulf, Lye Brook, and Moosehorn had the greatest impacts from states in
MANE-VU andMWRPO, followed by VISTAS. Canada had a large impact at Acadia. The
Brigantine, Dolly Sods, and Sherdoah Class | areas veemostaffectedby MANE-VU and
VISTAS sources, followed by MWRPO. Canadian sources had a much smaller impact at these
Class | areas. Certain states had high impacts at multiple Class | areas. Pennsylvania had the
highest total emissions, and the highegacts of any U.S. state at all seven studied Class |
areas. Ohio and Indiana had the second and third highest impacts of any U.S. state at Acadia,
Great Gulf, and Moosehorn, as well as having high impacts at other areas.

Table2-2 presents the differences by state of projected impacts between the current
analysis and the previous analysi®r most states, the direction of the change in emissions
correlates well with the direction of the change in impattsere are a fewtatesvhoseimpacts
increasedlespite lower emissior{touisiana and lowa, notablyConversely, therare two
states lflaryland and”ennsylvaniajvhoseimpacts decreased despite higaerissions Changes
in thegeographidocationsof emissions withinhese states may account for these discrepancies.
The largest decreases in impacts, according to this analysis, were attributéiiblggpindiana,
Kentucky, Massachusetts, New Jersey, New York, North Carolina, Ohio, Virginia, West
Virginia, and CanadaTaken in aggregatdable2-2 shows an overall decrease in impacts in
2007/2008 relative to 2002 at receptor sites due to large emission reductions in contributing
sources.

3 For area and mobile sources, NESCAUM used the geographic coordinates of Moncton for New Brunswick, St.
Johnds for Newfoundl and and Labrador, Halifax for Nova
Edward Ishnd, and Montreal for Quebec.
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Table 2-1. 2008 SQ CALPUFF-scaled emissions over distance impacts (ugi)vat Northeast and Mid-Atlantic Class | areas

Dolly Great Lye Emissiong-3

State Acadia! Brigantine?! Sods Gulft Brook? Moosehornt Shenandoah (short tons)

Pennsylvania 0.18 0.40 0.50 0.15 0.29 0.16 0.42 1,042,759
Ohio 0.13 0.19 0.43 0.12 0.16 0.11 0.32 878,456
Indiana 0.08 0.11 0.15 0.07 0.08 0.08 0.12 690,816
Texas 0.04 0.05 0.05 0.03 0.04 0.03 0.05 632,990
Georgia 0.06 0.09 0.10 0.04 0.06 0.04 0.10 598,846
Alabama 0.03 0.05 0.06 0.02 0.04 0.02 0.06 438,922
Missouri 0.04 0.05 0.05 0.03 0.04 0.04 0.05 415,203
Michigan 0.07 0.06 0.09 0.06 0.07 0.07 0.08 413,878
Ontario 0.07 0.05 0.06 0.05 0.09 0.07 0.05 387,400
lllinois 0.04 0.05 0.06 0.04 0.04 0.04 0.05 386,897
Kentucky 0.04 0.07 0.10 0.03 0.05 0.04 0.09 382,954
West Virginia 0.05 0.10 0.32 0.04 0.07 0.04 0.20 350,204
Florida 0.03 0.04 0.03 0.01 0.02 0.01 0.04 336,758
Tennessee 0.03 0.05 0.07 0.02 0.04 0.03 0.06 325,546
North Carolina 0.04 0.07 0.06 0.02 0.03 0.03 0.10 284,952
Maryland 0.05 0.20 0.12 0.03 0.05 0.03 0.15 265,074
Louisiana 0.02 0.02 0.02 0.01 0.02 0.01 0.02 251,465
Virginia 0.03 0.09 0.07 0.02 0.03 0.02 0.11 220,444
Wisconsin 0.02 0.02 0.03 0.02 0.02 0.02 0.02 202,605
South Carolina 0.02 0.04 0.03 0.01 0.02 0.02 0.04 198,689
New York 0.05 0.06 0.03 0.05 0.09 0.04 0.04 192,149
lowa 0.02 0.01 0.02 0.01 0.01 0.02 0.02 165,047
Quebec 0.05 0.02 0.01 0.01 0.01 0.03 0.02 160,354
Oklahoma 0.01 0.01 0.01 0.01 0.01 0.01 0.01 143,112
Nova Scotia 0.04 0.01 0.01 <0.01 <0.01 0.01 0.01 127,507
Kansas 0.01 0.01 0.01 0.01 0.01 0.01 0.01 112,265
Minnesota 0.01 0.01 0.01 0.01 0.01 0.01 0.01 110,968
Arkansas 0.01 0.01 0.01 0.01 0.01 0.01 0.01 89,609
Mississippi 0.01 0.01 0.01 <0.01 0.01 <0.01 0.01 87,131
Nebraska 0.01 0.01 0.01 0.01 0.01 0.01 0.01 79,023
Massachusetts 0.04 0.02 0.01 0.01 0.01 0.02 0.01 76,339
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Dolly Great Lye Emissiong-3
State Acadia! Brigantine?! Sods Gulft Brook? Moosehornt Shenandoah (short tons)
New Brunswick 0.03 0.01 <0.01 <0.01 <0.01 0.01 <0.01 61,990
Delaware 0.01 0.08 0.01 0.01 0.01 0.01 0.02 53,460
New Jersey 0.01 0.07 0.01 0.01 0.01 0.01 0.01 46,377
New Hampshire 0.03 0.01 <0.01 0.01 0.01 0.02 0.01 45,185
Newfoundland <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 38,161
Maine 0.04 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 23,718
Connecticut 0.01 0.01 <0.01 <0.01 0.01 <0.01 <0.01 22,209
Rhode Island <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 4,452
Vermont <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 4,078
District of Columbia <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1,281
Prince Edward Island <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1,179

Notes:

1. Values equal to or above 0.1@/m?® are presented in bold.

2. This analysis uses 2002 CALPUFF results to scale 2008 NEI emissions, 2007 NPRI point source emissions, and 200&hPRbbhileasource emissions.
3. States and provinces are sorted from higoelsiwest total emissions.
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Table 2-2. Change in 2007estimated CALPUFFscaled emissions over distance impacts
(ug/m?3) at Northeast and Mid-Atlantic Class | areas from previous analysis

Change in

Dolly | Great | Lye Emissions
State Acadia | Brigantine | Sods | Gulf | Brook | Moosehorn | Shenandoah| (short tons)
Pennsylvania -0.01 +0.02 - +0.04 | -0.01 - -0.01 -47,803
Ohio -0.06 -0.08 -0.17 | -0.05 | -0.07 -0.04 -0.14 -395,299
Indiana -0.03 -0.03 -0.06 | -0.03 | -0.03 -0.03 -0.05 -223,223
Texas -0.01 -0.01 -0.01 - -0.01 - -0.02 -216,841
Georgia -0.02 -0.03 -0.03 | -0.01 | -0.01 -0.02 -0.04 -6,194
Alabama -0.01 -0.02 -0.02 | -0.01 | -0.01 -0.02 -0.02 -109,132
Missouri - - - - - - - +53,292
Michigan -0.01 - -0.01 | -0.01 | -0.01 -0.01 -0.01 -18,288
lllinois -0.03 -0.03 -0.04 | -0.02 | -0.03 -0.03 -0.05 -255,367
Kentucky -0.02 -0.04 -0.05 | -0.02 | -0.02 -0.02 -0.05 -138,629
West Virginia -0.03 -0.06 -0.29 | -0.02 | -0.02 -0.02 -0.13 -222,932
Florida -0.02 -0.02 -0.01 | -0.01 | -0.01 -0.03 -0.03 -200,569
Tennessee -0.01 -0.02 -0.03 | -0.01 | -0.01 -0.01 -0.03 -98,159
North Carolina | -0.03 -0.07 -0.29 | -0.02 | -0.03 -0.02 -0.16 -225,500
Maryland -0.01 -0.04 -0.04 | +0.03 | -0.01 -0.02 -0.05 -27,896
Louisiana +0.01 +0.01 +0.01 | +0.01 | +0.01 - +0.01 -94,705
Virginia -0.02 -0.05 -0.03 | -0.01 | -0.01 -0.02 -0.06 -89,265
Wisconsin -0.01 -0.01 -0.01 | -0.01 | -0.01 -0.01 -0.02 -60,435
South Carolina | -0.01 -0.02 -0.01 | -0.01 - -0.01 -0.02 -64,178
New York -0.06 -0.09 -0.04 | -0.01 | -0.06 -0.06 -0.09 -149,344
lowa +0.01 +0.01 +0.01 - - +0.01 - -65,629
Oklahoma - - - - - - - +3,785
Kansas - - - - - - - -23,839
Minnesota - - - - - - -0.01 -13,183
Arkansas - - - - - - - -50,487
Mississippi - - - - - - -0.01 -39,325
Nebraska - - - - - - - +32,949
Massachusetts | -0.05 -0.01 -0.01 | -0.07 | -0.01 -0.03 -0.04 -47,415
Delaware -0.01 -0.02 -0.01 - -0.01 -0.01 -0.02 -30,089
New Jersey -0.01 -0.07 -0.01 | -0.04 | -0.01 -0.01 -0.06 -18,060
New Hampshire, -0.01 - - - +0.01 - - -8,587
Maine -0.01 - - -0.01 - -0.02 - -15,705
Connecticut - - - -0.01 - - -0.01 -18,884
Rhode Island - - - - - - - +1,921
Vermont - - - -0.01 - - - +2,503
District of ) 3 3 . . - -
Columbia -434
Canada -0.13 -0.11 N/A N/A -0.18 N/A -0.17 +730,743
Notes:

1. States and provinces are sorted from highest to lowesetoisgions.
2. Results for Canada in the previous analysis were aggregated to the country level, and were not available for
comparison for all Class | areas.
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Figure 2-8. Ranked state percent sulfate contribtions to Northeast Class | receptors based
on 2008emissions divided by distance (Q/d) results
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Figure 2-9. Ranked state percent sulfate contributions to MidAtlantic Class | receptors
based on2008emissions divided by distance (Q/d) results
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2.3. EmissionsTimes Upwind Probability

The fAemi ssions t i ExWP)methodiofrassesging contabhtiorito t y o
pollution involves multiplying the baekajectorycalculated residence time probability for a grid
cell with the total emissiodsover the same time periddrom that grid cell. The product is an
emissionsweighted probability field that can be integrated within state boundaries to calculate
relative probabilities of each state contributing to pollution transport.

The back trajectories used in this study were calculated by the HYSPLIT system
(Draxler, 1999). Five years of back trajectories, calculated eight times peesialys in 14,608
back tragctories per receptor. The back trajectories afeots in length and have calculated
endpoints, or locations, at hourly intervals that specify the air mass path. The HYSPLIT system
terminates when the backward trajectory encounters missing meteoabldafa (i.e., wind
speed and direction) or the top of the domain (set at 10,000 m). The endpoints are therefore
slightly biased toward more nearby locations. We used meteorological data from the Eta Data
Assimilation System (EDAS) archive for DecemB@04 through December 2009 (NCDC,

2011) i.e., the five year period centered around 200fe endpoints from all trajectories are
mapped into a matrix of residence times spent in individual grid cells over the five year period
(from 2005 to 2009). The salting sum expresses the likelihood that air spent time in a
particular quarter degree longitude by quarter degree latitude grid cell over a domain between
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25°and 57 latitude and110 to -50° longitude. This domain includeparts of Canada and

Mexico, states in the CENRAP, MANEU, MWRPO, and VISTAS regiongndsomestatesn
theWestern Regional Air Partnershig/ RAP) region. These residence times are then

multiplied by the emissions in that grid for 200The resulting product matrix contains €
emissionweighted residence times that are then summed within the boundaries of each state to
define a fAcont r iThispravides areldtive rankengaf dontributientbyestate

that can be used to compare with other methods of attibut

By using 2007 meteorology in this approach, we learn more about the actual state
contributions in 2007. Comparing results from analyses using 2002 versus 2007 meteorological
data is a complicating factor, and we take this inconsistency into acchantwe attempt such
comparisongn Section Ji.e., results of th&xUPanalysis, which relies on 2007 meteorology,
against results of the Q/d analysis, which relies on 2002 meteorology)

The area of analysis included all states and provinces wholly tiallyawithin the
domain. Mexico and ocean emission sources were not included. NESCAUM developed Python
2.7 scripts to allocate point sources to grid cells using the nearest neighbor search algorithm in
the Fast Library for Approximate Nearest Neighb@isANN, version 1.6.11) (Muja, 2011).
We allocated area sources by state and apportioned them to grid cells according to their land
area.

Results were calculated for seven receptors: Acadia National Park, Brigantine Wilderness
Area in the Forsythdlationd Wildlife Refuge Dolly Sods Wilderness Are&reat Gulf
Wilderness Areal.ye Brook Wilderness Area, Moosehorn Wilderness Area, and Shenandoah
National Park.Table2-3 presents the relative contribution of each state usingetoept ExUP
approach for seven receptor locations. These results are also preséigedsi2-10 andFigure
2-11.

According to this analysis, Acadia, Great Gulf, Lye Brook, and Moosehorn have the
greaest impacts from Canada, followed by states in MANE and MWRPO, while those sites
had low relative contributions from VISTAS states. MANB, MWRPO, andVISTAS states
had the greatest relative impacts at the Brigantine Class | area, with Canadadwvigtive
contributions. The Dolly Sods aighenandoallass | areas had the greatest contributions from
VISTAS states, followed by MANE/U and MWRPO states and very low contributions from
Canada. CENRAP and WRAP states contributed negligibly toualiest Class | areas. Certain
states had high impacts at multiple Class | areas. Pennsylvania had the highest total emissions
and impacts of any state at all seven studied Class | areas. Newaro@hiohad the next
highest impactsor states at all the studied Class | areas.

Table2-4 presents the differences by state of relative contributions between the current
analysis and the previous analysis for the four Class | areas for which results were presented:
Acadia, BrigantingLye Brook, and Shenandoah. Relative contributfoore® MWRPOand

4 Sulfur dioxide emissions for the United States are from the 2008 National Emissions Inventory (NEI), and include
point, nonpoint, ofroad, and nomoad sources. Canadian point sources are from the 2007 National Pollution
Release Inventory (NPRI), while Canadian nonpointraed, and nomoad sources are from the 2009 NPRI. Only
point sources were mapped by latitude and longitude to specific grid cells. Emissions density of norpméot, on

and nonroad sources was triea as constant across each state. For states and provinces that were partially outside
of the domain, area source emissions were scaled by the geographic area inside the domain.
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VISTAS states generally decreased from the previous to the current analysis, and\WIANE
states generally increased slightly from the previous to the current analysis. Canada had large
increases in relative contribution, most likely because of increases in the emissions inventory.
lllinois, North Carolinaand West Virginidad the largest decreases in relative contribution, and
Canada and Pennsylvania had the largest increBseswuselte data presented Table2-4
represent relative changes, and because different meteorological data were used to generate
results, it is unsurprising that emissions may have decreased (or increased) absolutely while
relative impats increased (or decreased) at receptor sites.
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Table 2-3. 2008 enissions times upwind probability results at MANEVU Class | areas

State Acadia! | Brigantine?! g&ljlg gruehit Blr_ggkl Moosehornt | Shenandoaht I(Eslnfr?'?onnsz;
Canada 0.38 0.12 0.05 | 0.36 0.28 0.46 0.07 2,429,161
Pennsylvania 0.13 0.26 0.17 | 0.15 0.19 0.11 0.19 1,042,759
Ohio 0.06 0.10 0.20 | 0.09 0.09 0.05 0.16 878,456
Indiana 0.02 0.03 0.04 | 0.03 0.03 0.02 0.04 690,816
Georgia 0.01 0.02 0.03 | 0.01 0.01 0.01 0.03 598,846
Alabama <0.01 0.01 0.02 | <0.01| 0.01 <0.01 0.02 438,922
Missouri 0.01 0.01 0.01| o0.01 0.01 0.01 0.01 415,203
Michigan 0.03 0.02 0.02 | 0.04 0.03 0.03 0.02 413,878
lllinois 0.01 0.02 0.02 | 0.02 0.02 0.01 0.02 386,89
Kentucky 0.02 0.03 0.08 | 0.03 0.03 0.02 0.07 382,954
West Virginia 0.03 0.04 0.20 | 0.03 0.03 0.02 0.13 350,204
Tennessee 0.01 0.01 0.03 | 0.01 0.01 <0.01 0.02 325,546
North Carolina 0.01 0.01 0.01 | <0.01| <0.01 <0.01 0.01 284,952
Maryland 0.03 0.08 0.02 | 0.02 0.03 0.03 0.06 265,074
Virginia 0.03 0.05 0.03 | 0.01 0.01 0.02 0.06 220,444
Wisconsin 0.01 0.01 0.01| 0.01 0.01 0.01 0.01 202,605
South Carolina <0.01 0.02 0.01 | <0.01| <0.01 <0.01 0.02 198,689
New York 0.05 0.04 0.01 | o.07 0.11 0.04 0.01 192,149
Mass&husetts 0.04 0.01 <0.01| 0.02 0.02 0.04 <0.01 76,339
Delaware 0.01 0.03 <0.01( o0.01 0.01 0.01 0.01 53,460
New Jersey 0.01 0.05 <0.01| 0.01 0.01 0.01 <0.01 46,377
New Hampshire 0.03 <0.01 <0.01( 0.04 0.01 0.02 <0.01 45,185
Maine 0.03 <0.01 <0.01| 0.01 | <0.01 0.04 <0.01 23,718
Connecticut 0.01 <0.01 <0.01| 0.01 0.01 0.01 <0.01 22,209
Notes:

1. Values equal to or above 0.10 are presented in bold.

2. This analysis uses 2002 CALPUFF results to scale 2008 NEI emissions, 2007 NPRI point source emissions, and
2009NPRI area and mobile source emissions. Emissions from the entire state or country are presented, rather than
just those inside the domain grid. Values reflect emissions within the state prior to grid allocation.

3. States and provinces are sorted froghést to lowest total emissions.

4. Several states included in the study had relative contributions of less than 1 percent at al/MANHSS |

areas. These are excluded from this table: Arizona, Arkansas, Colorado, District of Columbia, Florida, lowa,
Kansas, Louisiana, Minnesota, Mississippi, Montana, Nebraska, New Mexico, North Dakota, Oklahoma, Rhode
Island, South Dakota, Texas, Utah, Vermont, and Wyoming.
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Table 2-4. Change in relative contribution from states at MANEVU Class | areas from
previous analysis for the2008emissions times upwind probability approach

Emissions
State Acadia® | Brigantine® [ Lye Brook! | Shenandoah (28822%%2,
tpy)
Canada 0.15 0.04 0.08 0.02 2,383,313
Pennsylvania 0.04 0.13 0.06 0.12 -47,803
Ohio -0.03 - -0.02 0.04 -395,299
Indiana -0.03 -0.02 -0.02 -0.02 -223,223
Georgia -0.01 -0.02 -0.01 -0.02 -6,194
Alabama -0.01 -0.01 - - -109,132
Michigan -0.01 - -0.01 - -18,288
lllinois -0.05 -0.02 -0.03 -0.02 -255,367
Kentudky -0.02 -0.03 -0.02 -0.02 -138,629
West Virginia -0.03 -0.05 -0.04 -0.06 -222,932
Tennessee -0.01 -0.01 - -0.02 -98,159
North Carolina -0.01 -0.04 -0.01 -0.06 -225,500
Maryland 0.01 0.04 0.01 0.03 -27,896
Virginia - -0.01 -0.01 - -89,265
Wisconsin -0.01 - -0.01 - -60,435
South Carolina -0.01 - -0.01 - -64,178
New York -0.02 - - -0.01 -149,344
lowa -0.01 - - - -65,629
Minnesota -0.01 - -0.01 - -13,183
Massachusetts 0.02 0.01 0.01 - -47,415
Delaware 0.01 0.01 - 0.01 -30,089
New Jersey -0.01 -0.02 -0.01 -0.01 -18,060
New Hampshire 0.01 - - - -8,587
Maine 0.01 - - - -15,705
Vermont - - 0.01 - 2,503
Notes:

1. States and provinces are sorted from highest to lowest total emisSimausges in relative contributismithin

+0.01 are consideratk minimis and are presented as dashdmr@es in relative contributions for the following
stateswverewithin £0.01 for all studied Class 1 are@skansas, Connecticut, District of Columbia, Florida, Kansas,
Louisiana, Mississippi, Missouri, Oklahoma, Rleddland, and Texas.
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Figure 2-10. Ranked state percent sulfate contributions to the Acadia, Great Gulf, Lye Brogkand MoosehornClass | areas
based on percent upwind probability (%UP) results
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Figure 2-11. Ranked state percent sulfate contributions to the Brigantine, Dolly Sods, and Shenandoah Class | areas based on
percent upwind probability (%UP) results
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3. COMPARISON OF RESULT S

This section presents armparison of the results of the different contribution analyses on
a siteby-site basis. Because the analyses are fundamentally different (different modeling
systems, different meteorological data) and have different strengths and weaknesses, we do not
expect the results to be completely consistent. Rather, the consistency between the results
indicates the level of confidence that we can have in drawing conclusions about the state
contributions.

We also expect differences in results from use of diftareteorological data in each
analysis. The ExUP approach used meteorological data from the five year period around 2007,
whiletheQ/da ppr oach relied on Awind vector constant
CALPUFF trajectories.

We present summgrelative contribution results for both analyses in table forifainie3-1
andTable3-2, and in graphical forrm Figure3-1 throughFigure3-7 for each of the seven
studied MANEVU Class | areasStates are presented from highest to lowest average
cortribution level for each siteWe also present the state rankings produced by the two
approaches for éadia inTable3-3.

The relative rankings for state contributiondMANE-VU receptor sites diffeaccording
to each analysis. At the most northern Class | areas in the MANEegion, the ExUP
approach ranks MANE/U states higher than under tQéd approach. It also ranks Canada
higher for all MANEVU Class | areas except Acadia, at which Canada is the top contributor
according to both methodg.he Q/d approach generally ranks states in the MWRPISTAS,
and, @rticularly, CENRAP regions higher than does the ExUP approach at the more northern
MANE-VU Class | areas. Rankings by region at the Dolly Sods and Shenandoah Class | areas
did not differ greatly between methods. At Brigantine, the ExUP method largélgddMANE
VU sites as higher relative contributors, whereastliemethod generally ranked states in the
VISTAS and CENRAP regions higher.

The most striking difference between the state contribution levels using the ExUP and
Q/d method occurs is for Cama. The contribution levels from Canada according t@Xde
method are lower for each Class | area than according to the ExUP method.

1 At Acadia, heQ/d approach predicts higher relative contribution from states with higher
emission levels, particularitates in the MWRPO and VISTAS regs. The relative
contribution level from Canada according to the ExUP method is 38 percent, compared to
14 percent according to th@/d method. The differencen relative contribution between
the two methodss similar at Moosehorn.

1 At Brigantine, theQ/d approach has attributes lower relative contributions from
Pennsylvania and high relative levels from southern states in the VISTAS and CENRAP
regions.

1 At Dolly Sods, the ExUP approach shows higher relative comimiblevels from Ohio,
West Virginia,andKentucky,in addition toCanada. Th&/d approach shows higher
relative contribution levels frorf8outherrVISTAS and CENRAP statesndfrom
Maryland.
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1 At Great Gulf and Lye Brook, the ExUP approach indicates higative contribution
levels from Canada and most MANRJ states (excepting Pennsylvania), while @e
approach attributes higher relative contributions from MWRPO and VISTAS states.

1 At Shenandoah, the ExUP method attributes higher levels of relatmebution
compared to th®/d method for the highest contributing states, especially West Virginia,
Kentucky, and Indiana, and lower relative contribution levels for the lower contributing
states, especially those in the South.

The state ranks, if notéhprecise relative contribution levels, are generally consistent
between the two methods. There are several notable differences in relatiigution levels
between the two approaches at Acadmshown iTable3-3. TheQ/dapproach attributes
notably higher relative contribution levels to Geordgiiiana,Missouri, and Texathan does the
ExUP approach Converselythe Q/d approach ranks Delaware, New Hampshire, New Jersey,
Maine, Massachusetts, and Virginia notably lotixan does the ExUP approach.
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Table 3-1. Relative fractional contribution from 2008 emissiondy state and region from theQ/d approach
RPO | State Acadia Brigantine Dolly Sods | Great Gulf Lye Brook Moosehorn | Shenandoah
Canada 0.14 0.04 0.03 0.07 0.07 0.11 0.03
New Brunswick 0.02 <0.01 <0.01 <0.01 <0.01 0.01 <0.01
Newfoundland and <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
S Labrador
S | Nova Scotia 0.03 <0.01 <0.01 <0.01 <0.01 0.01 <0.01
8 Ontario 0.05 0.02 0.02 0.05 0.06 0.06 0.02
Prince Edward Island <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Quebec 0.04 0.01 0.01 0.01 0.01 0.03 0.01
CENRAP 0.11 0.08 0.08 0.12 0.10 0.12 0.08
Arkansas <0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01
lowa 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Kansas 0.01 0.01 <0.01 0.01 0.01 0.01 <0.01
% | Louisiana 0.01 0.01 0.01 0.01 0.01 0.01 0.01
% Minnesota 0.01 <0.01 <0.01 0.01 0.01 0.01 <0.01
O | Missouri 0.03 0.02 0.02 0.03 0.03 0.03 0.02
Nebraska <0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01
Oklahoma 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Texas 0.03 0.02 0.02 0.03 0.03 0.03 0.02
MANE -VU 0.29 0.40 0.27 0.28 0.33 0.27 0.28
Connecticut 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
> | Delaware 0.01 0.04 <0.01 0.01 0.01 0.01 0.01
~ | District of Columbia |  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<Z,: Maine 0.03 <0.01 <0.01 <0.01 <0.01 0.02 <0.01
= Maryland 0.03 0.09 0.05 0.03 0.04 0.03 0.07
Massachusetts 0.03 0.01 <0.01 0.01 0.01 0.02 <0.01
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RPO | State Acadia Brigantine Dolly Sods | Great Gulf Lye Brook Moosehorn | Shenandoah
New Hampshire 0.02 <0.01 <0.01 0.01 0.01 0.01 <001
New Jersey 0.01 0.03 <0.01 0.01 0.01 0.01 <0.01
New York 0.04 0.03 0.01 0.05 0.06 0.04 0.02
Pennsylvania 0.13 0.19 0.19 0.15 0.20 0.14 0.18
Rhode Island <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Vermont <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
MWRPO 0.24 0.20 0.29 0.31 0.26 0.27 0.26
Illinois 0.03 0.02 0.02 0.04 0.03 0.04 0.02
8 Indiana 0.05 0.05 0.06 0.07 0.06 0.06 0.05
D;: Michigan 0.05 0.03 0.04 0.06 0.05 0.06 0.04
= | Ohio 0.09 0.09 0.17 0.12 0.11 0.10 0.14
Wisconsin 0.02 0.01 0.01 0.02 0.02 0.02 0.01
VISTAS 0.23 0.28 0.33 0.23 0.24 0.22 0.35
Alabama 0.02 0.03 0.02 0.02 0.03 0.02 0.03
Florida 0.02 0.02 0.01 0.01 0.01 0.01 0.02
Georgia 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Kentucky 0.03 0.03 0.04 0.03 0.03 0.03 0.04
g Mississippi <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
2 North Carolina 0.02 0.03 0.02 0.02 0.02 0.02 0.04
South Carolina 0.02 0.02 0.01 0.01 0.01 0.01 0.02
Tennessee 0.02 0.02 0.03 0.02 0.02 0.02 0.03
Virginia 0.02 0.04 0.03 0.02 0.02 0.02 0.05
West Vimginia 0.03 0.05 0.12 0.04 0.05 0.04 0.08
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Table 3-2. Relative fractional contribution from 2008 emissiondy state and region from the ExUP approach
RPO | State Acadia Brigantine Dolly Sods Great Gulf Lye Brook Moosehorn | Shenandoah
Canada 0.38 0.12 0.05 0.36 0.28 0.46 0.07
CENRAP 0.02 0.02 0.03 0.02 0.02 0.02 0.02
Arkansas <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
lowa <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Kansas <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
% | Louisiana <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
% Minnesota <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
O Missouri 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Nebraska <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Oklahoma <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Texas <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
MANE -VU 0.35 0.48 0.21 0.36 0.40 0.31 0.28
Connecticut 0.01 <0.01 <0.01 0.01 0.01 0.01 <0.01
Delaware 0.01 0.03 <0.01 0.01 0.01 0.01 0.01
District of Columbia <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Maine 0.03 <0.01 <0.01 0.01 <0.01 0.04 <0.01
=) Maryland 0.03 0.08 0.02 0.02 0.03 0.03 0.06
E Massachusetts 0.04 0.01 <0.01 0.02 0.02 0.04 <0.01
<Z,: New Hampshire 0.03 <0.01 <0.01 0.04 0.01 0.02 <0.01
= New Jersey 0.01 0.05 <0.01 0.01 0.01 0.01 <0.01
New York 0.05 0.04 0.01 0.07 0.11 0.04 0.01
Pennsylvania 0.13 0.26 0.17 0.15 0.19 0.11 0.19
Rhode Island <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Vermont <0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01
MWRPO 0.13 0.17 0.29 0.17 0.19 0.12 0.26
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RPO | State Acadia Brigantine Dolly Sods Great Gulf Lye Brook Moosehorn | Shenandoah
lllinois 0.01 0.02 0.02 0.02 0.02 0.01 0.02
8 Indiana 0.02 0.03 0.04 0.03 0.03 0.02 0.04
% Michigan 0.03 0.02 0.02 0.04 0.03 0.03 0.02
= Ohio 0.06 0.10 0.20 0.09 0.09 0.05 0.16
Wisconsin 0.01 0.01 0.01 0.01 0.01 0.01 0.01
VISTAS 0.11 0.20 0.42 0.09 0.11 0.09 0.36
Alabama <0.01 0.01 0.02 <0.01 0.01 <0.01 0.02
Florida <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Georgia 0.01 0.02 0.03 0.01 0.01 0.01 0.03
" Kentucky 0.02 0.03 0.08 0.03 0.03 0.02 0.07
= Mississippi <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
%) North Carolina 0.01 0.01 0.01 <0.01 <0.01 <0.01 0.01
South Carolina <0.01 0.02 0.01 <0.01 <0.01 <0.01 0.02
Tennessee 0.01 0.01 0.03 0.01 0.01 <0.01 0.02
Virginia 0.03 0.05 0.03 0.01 0.01 0.02 0.06
West Virginia 0.03 0.04 0.20 0.03 0.03 0.02 0.13
WRAP <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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Table 3-3. Ranked contributing states to Acadia sulfate

Average Q/d ExUP
Canada | Canada | Canada
PA PA PA
OH OH OH
NY IN NY
IN Mi MA
Mi ME

MA NY
MD WV MD
ME MD
WV Mi
MO WV
IN
MA
ME
X DE
MO NC Wi
NC NC
AL AL NJ
Wi TN
TN FL MO
TX CT
SC Wi TN
FL SC AL
DE IA SC
NJ LA MN
1A MN RI
CT DE VT
LA NJ 1A
MN OK LA
OK KS FL
KS CT KS
NE NE OK
AR AR X
RI MS NE
MS VT AR
VT RI DC
DC DC MS

States are ordered in this table from highest to lowest contribution. Color schemes indicate highest (red)
to lowest (navy) relative contribution, and are grouped such that thereigeestates in each group.

tKSaS 02t 2N&

LINB &Sy

A adz f

3dzA RS

GKSYy O2YLI NJF



Contributions to Regional Haze in the Northeast and-Midntic United States: Preliminary Update Through 2007 Page38

Figure 3-1. Comparison of state rankings from different attribution analyses resultgor
the Acadia Class | area
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Figure 3-2. Comparison of state rankings from different attribution analyses results for
the Brigantine Class larea
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Figure 3-3. Comparison of state rankings from different attribution analyses results for
the Dolly Sods Class brea
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Figure 3-4. Comparison of state rankings from different attribution analyses results for
the Great Gulf Class larea
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Figure 3-5. Comparison of state rankings from different attribution analyses results for
the Lye Brook Class larea





















