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Executive Summary

This technicaldocumentf ul f i I I s U. S. EnvironuBeERA@s) Pro

Regional Haze Rule (RHR) 51.308(f)(@rovisionfor the second implementation period (2018

28) to cetermine baseline, current and natural visibility conditions for the 20 percent most impaired
days and the 20 percent clearest days for eastate and oubf-state Class | ardar states in the
Mid-Atlantic/Northeast Visibility UnioniMANEVU) region

Visibility trends analyses in this document use$EPA recommended metriaa the
December2018 guidance(USEPA 208) at IMPROVE (Interagency Monitoring of Protected
Visual Environmentsjnonitoring sites atederal Class | areas and adjacent tthe MANEVU
region that are subject tdSE P A &I8R. Visibility trends analyses were also calculated for
IMPROVE Protocol monitoring sites in and adjacent toMIANEVU region.For visibility trends
at IMPROVE Protocol monitoring sitedata downloadeth October2024 from the FED website
were used.

This technical document provides an analysis of visibility data collected kiR ROVE
monitoring sitesstarting in the baseline period of 26B004 througt2019-2023, the most recent
five-year period with available datéhe results of this analysis show the following:

1 There continue to be definite downward trends in overall hazeslavall Class | areas
in and adjacent to thRIANEVU regionand at IMPROVE Protocol monitoring sites
However, there has been a leveling off, or even an uptick in some cases, of haze levels
at some sites in recent years. Therefore, further work is needed to ensure that downward
trends continue towards the RHR goal of natural visibility conditions by 2064.

1 Based on rollingfive-year averages demonstrating progress since the-Z0D0O
baseline periodall MANEVU and nearbylass | areaisibility conditionsarecurrently
better than th€028 uniform rate of progress (URRJjsibility condition for the 20
percentmost impairedvisibility daysand below baseline conditions for th@ percent
clearest days

1 Modeled 2028 reasonable progress goals (RPGs) have already been atumienggithe
2019-2023 data period at all Class | areas in MANEVU regionexcept for Acadia
National ParkFurther progress is neededithieve modeled028RPGsatAcadia and
James River Face

1 Trends are mainly drivenyldarge reductions in sulfate light extinction.

1 Levels of organic carbon mass (OCM) and light absorbing carbon (LAC) appear to be
approaching natural background levels at most oMABIEVU Class | areas.

1 The percent contribution aitrate light extinction has been significantly increasing at
some ofthe MANEVU Class | areadue to lower sulfate contributions
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1 The decrease in sulfate has resulteshorecool daysand fewemvarmdaysin the mix
of 20 percentmost impaired daybecause the nitrates that have replaced sulfates are
more stable ircooler weather

Vi
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1. Introduction

Haze, or reduced vigbility, occurs when ambient particulate metter and gases <éter or
absorb Ight (' Ifight extinctiono) that would dherwisereadch an obsever. Particles responsble for
regiona haze are produced neturally from winddown dust, foest fires, and aerosolized seasalt;
and by humancausedpollution from vehicles, power plants, and oter combusiton and dus-
generating adivities.Haze-forming particles can also cause serious redth effectsin the lurgs and
cardiopulmorary system, potentidy leading to prematue deah. In addition, ®me @rticle species
contribute taaddic deposiionand otherenvironmental harms.

In 1999, he US Enviroimentl Protection Agency (USEPA) issued arule under Sedion
169A ofthe Ckan Air Act (Visibility Protedion for theFederal Class| Areas) to address human-
caused regional heze: Regional Haze Rule (RHR) [64 FR 35614(July 1, 1999]. The RHR is
designed toimprovevisibility at certain national ks and wilderness aeas (Clasd areas) on the
20 percentaziest( 60 w o days Wihil§ notexacebating haze on the20 percent | e a bestts)t ( 6
days. The RHR requires dates to sulit state mplementation pans (SIPs) to USEPA every ten
years, setting interim progress goaland stetegies consistent witlthe lorg-term national visibility
goal of achieving natural conditionsat Classl areas by 2064.States sulmitted their first haze SIPs
to USEPA keginning in 2008.Additionally, states arerequired totrack their progressagainst their
historic baseline period! in achieving reductions in egonal haze, submiting reports every five
years, and to adjust theiemissons nanagement grategiesaccordingly.

In 2017 USEPA finalized revisions to the 1999 RH&require states to tracksibility
progress for th@0 percentmostimpaireddaysdue to anthropogenic emissianstead othe 20
percentvorstvisibility days as was done for the first planning pe(ld8EPA 2017)The method
for tracking progress for ti20 percentleaest dayslid not change from the first planning period.
USEPA recommended metrics for determinihg20 percenmost impaired days in@ecember
2018 guidancadocumenfUSEPA 208B), andMANEVU states decided to use those recommended
metrics for the second implementation peridd analyses in this document use the most recent
recommended metri¢20% most impaired natural conditions were updatehirl 2020).

TheMid-Atlantic/Northeast Visibility Union (MANEVU ) was formed to suppd visibility
planning efforts in the midAtlantic and natheastan portion of thecounty and includs the
memters listed inTable 1-1. The seven Classl areas intheMANEVU region (black texy andfour
Class | areas adjacent to tMANEVU region (blue tex} are shown inFigure 1-1(a). This
document also includes analyseslfdPROVE Protocol monitang sites(seeFigure 11(b)), with
twenty monitors in theMANEVU region (black text) and one adjacent to M&NEVU region
(blue tex). The pupose of this report is tosupportMANEVU stadesinmeeingUSEPAGs RHR
51.308(f)(1) provision for the second implementation period (ZIPB) to determine baseline,
current and natural visibility conditions for the 20 percent most impaired days and the 20 percent
clearest days, for each-state and oubf-state Class | area for states in BM&NEVU region.

1 This and eadier trends reports use 2004 asthe baseyear because the trend is basedon rolli ng averagesof 5-year
periods and 2004 was the end of the initial 5-year period usedas the baseline.

1
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Table 1-1. Members ofthe Mid-Atlanti ¢/Nor theastVisibility Union (MANEVU )

Connecticut Pennsylvania
Delaware Penobscot Indian Nation
District of Columbia Rhode Island
Maine St. Regis Mohawk Tribe
Maryland Vermont
Massachusetts National Park Service
New Hampshire U.S. BPA
New Jersey U.S. Fish and Wildlife Service
New York U.S. Forest Service

Figure 1-1. Class | Areasand IMPROVE Protocol Monitoring Sites In and Adjacent tothe
MANEVU Region

. JPresque Isle

Moosehorn

_ _RooseveltCampobello IP’

While this report provides eaders with abasic backgroundon regional haze, it does not
includein-depth discussios of topics covered in previousreports.For a broader understanding of
these topics, readerscan vililBEP A6 s r e g i o0 n ahttps:hvaz.epa.goesibilityt e :
the IMPROVE technical documentation websitgtp://vista.cira.colostate.edu/improyehe
MANEVU website: https://otcair.org/maneyu the MARAMA regional haze website:
https://marama.org/technicaénter/regionahaze/ and the NESCAUM Resource Library
https://www.nescaum.org/resousiiierary ( s e | e ¢ t Redioral HazefVisitality i)

2
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2. Visibility Metrics

IMPROVE is a collaborative association of staleibal, and federal agencies, and
international partners. UESPA is the primary funding source, with contracting and research
support from the National Park Service. The Air Quality Group at the University of California,
Davis is the central analytical laboratory, with ion analysis provided by Research Triangle
Institute, and carbon analysis provided by Desert Research Inst&ROVE was initially
established as a national visibility network in 19&msistingof 30 monitoring sites primarily
located in national parks, 20 of which begaperation in 1987IMPROVE has operated many
sites withinthe MANEVU and nearbyegions, with some site (Acadia and Shenandoah National
Parks)havingdata availablesince 1988For this report, only available data for the period 2000
2023 were analyzedTable 21 lists allIMPROVE monitoring sites in thBIANEVU and nearby
regionsused in this reportOther IMPROVE Protocol monitoring sites BALT (Baltimore,
Maryland and COHI (Connecticut Hills, New York)PITT (Lawrenceville, Pennsylvaniand
OLTO (OIld Town, Main€) in the MANEVU region were not included primarily because no
impairment statistics were calculated for those sites.
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Table 2-1. IMPROVE Monitoring Sites

. Class | Area or IMPROVE . . Elevation | Start End

Site Code Protocol Site Name State | Latitude |Longitude (m AMSL)| Date Date
MANEVU Class | Areas

ACAD Acadia National Park ME | 44.3771| -68.261 157 3/1988 | Active

BRIG Brigantine Wilderness NJ 39.465 | -74.4492 5 9/1991 | Active

GRGU Great Gulf Wilderness NH | 44.3082| -71.2177 453 6/1995| Active

LYBR Lye Brook Wilderness VT | 43.1482| -73.1268 1015 9/1991| 9/2012

LYEB Lye Brook Wilderness VT | 42.9561| -72.9098 882 1/2012 | Active

MOOS MoosehorriWilderness ME | 45.1259| -67.2661 77 12/1994| Active
Nearby Class | Areas
DOSO Dolly Sods Wilderness WV | 39.1053] -79.4261 1182 9/1991 | Active
SHEN Shenandoah National Park VA 38.5229| -78.4348 1079 3/1988 | Active
JARI James River Face Wilderney VA 37.6266| -79.5125 289 6/2000 | Active
MANEVU IMPROVE Protocol Sites

ADPI Addison Pinnacle NY | 42.0912| -77.2099| 512 4/2001 | 6/2010
AREN Arenditsville PA | 39.9232| -77.3079| 267 4/2001 | 12/2010
BRMA Bridgton ME | 44.1074| -70.7292| 233 3/2001 | 12/2015
CABA CascoBay ME | 43.8325| -70.0644 26 3/2001 | Active
CACO Cape Cod MA | 41.9758| -70.0242 49 4/2001 | Active
FRRE FrostburgReservoir MD | 39.7058| -79.0122 767 4/2004 | Active
LOND Londonderry NH | 42.8624| -71.3801| 124 1/2011 | Active
MAVI Marthads Vi MA | 41.3309| -70.7846 2 1/2003 | Active
MKGO M.K. Goddard PA | 41.4269| -80.1453| 379 4/2001 | 12/2010
MOMO Mohawk Mt. CT | 41.8214| -73.2973| 521 9/2001 | Active
NEYO New York Cityi 1S52 NY | 40.8161| -73.9019 45 8/2004 | 6/2010
PACK Pack Monadnock Summit| NH | 42.8619| -71.8786| 695 |10/2007| Active
PENO Penobscot Nation ME 44,948 | -68.6479 45 1/2006 | Active
PMRF Proctor Maple R. F. VT | 44.5284| -72.8688| 401 [12/1993| Active
PRIS Presque Isle ME | 46.6964| -68.0333| 165 3/2001 | Active
QURE Quabbin Summit MA | 42.2985| -72.3346| 317 3/2001 | 12/2015
WASH Washington D.C. DC | 38.8762| -77.0344 15 3/1988 | 12/2014
Nearby IMPROVE Protocol Site
QuCl | Quaker City | OH | 39.9428] -81.3378] 366 | 5/2001] Active

Figure 11(a) shows Class | areas in tRRANEVU and nearby region$/onitoring data
for the LYBR (200011)and LYEB (2012-21) sites at the Lye BrooWildernes<Class | area were
mergedwith a new LYBR_RHTS site codéfhe Roosevelt Campobello International Park,
PresidentiaRangeDry Riverand Otter Creek Class | areas do not have an IMPROVE monitor.
For those Class | sites without an IMPROVE monitoronitoring data from a nearby
representative Class | arn@asused to track visibility condition$n addition to sites that are used
to represent Class | areas, IMPROWIBtocol sites are ioperationto provide expanded spatial
coverage for the network. Protocol sites are separately sponsogtatdyregionalJribal, and
national organizations and use the sansrumentation, monitoring, and analysis protocols as
IMPROVE. Figure 11(b) shows the MPROVE Protocol sites in theMANEVU and nearby
regionswith at leastsix years of valid dataMonitoring data and visibility metricgsed for both
the first and second implementation planning period are avaibableeFederal Land Manager
Environmental Datsase (FED)website that is hosted at the Cealdo State UniversityGs
Cooperative Insitute for Research in the Atmosphee (CIRA).

4
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2-1 IMPROVE Equation

MANEVU states have agreed to use the revised IMPROVE equation (Pitchford et al.,
2007)to calculate from monitoring datalight extinctioncontributions from individual particle
componentsfor the first and second implementation peridthe equation to estimate light
extinction(bexy) from the referenced literaturessmmarized below

bext & 2.2 xfs(RH) x [Small Ammonium Sulfdte 4.8 xf (RH) x [Large Ammoniunsulfatg

+ 2.4 xfs (RH) x [Small Ammonium Nitrajer 5.1 xf_ (RH) x [Large Ammonium
Nitrate]

+ 2.8 x Bmall Organic Magst+ 6.1 x Large Organic Mags
+ 10 x Elemental Carboh

+ 1 x [Fine Soi]

+ 1.7 xfsdRH) x [Sea Salt

+ 0.6 x Coarse Mask

+ Rayleigh Scatterin¢Site Specific

+ 0.33(MmY/ppb) x [Nitrogen Dioxide(ppb)]

Light extinction and Rayleigh scattering units are inverse megameters)(Mnits for
concentrations shown in brackets are micrograncyleic metef € g¢°), amd the water growth
terms,f (RH), do not have unitsThe nitrogen dioxide (N£) light absorption terns notused
for MANEVU and nearby region sites due to no A\Nfoncentration data being available at
those sites. The organic compound mass (OM) to organic carbon mass (OC) ratio is 1.8
(OM=1.8*OC). Sulfate, nitrate and organics are split into small and large modebabed
mass. For masses less thare2@ £, tne fraction in the large mode is estimated by dividing the
tot al concentrat i on 3withthe fereainiogpimipesmadl mdde. hthe 20 € g
tot al concentration of3 akhofiti®assumed ¢orbeé in thelargee ds 2 0
mode. The small and large modes of sulfate and nitrate have associated hygros¢dpicities
s(RH) andf (RH), respectivelywhile f sqRH) is for sea salt.

To convert light extinction to a haze indexdeciview (dv)units,the following equation
is used:

Haze indexdv) = 10(In(kx/10)
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Not all visibility metrics used bMANEVU statedor the first implementation period can
be used for the second implementation period. Recent amendments to the Regiorilelaze
(USEPA 2017) allow states to use the same metrics fo2Qhgercentlearest daysHowever
baseline and current haze metrics for 2Begpercenimost impaireddays must now be calculated
for the 20 percentnost anthropogenically impaired days. USEPA has recommended metrics for
determining20 percentnost impaired days in Chapt2pf theDecembeR018 guidance (USEPA
2018). MANEVU states have agreed to use the recommended metrics for the second
implementation period.

For all analyses in this report, the latest availabdé&2(024) datawasdownloaded fronthe
FED websiteincludingdaily calculated light extinction, deciview values (using the revised (new)
IMPROVE algorithm including patched data) asttier metrics needed in the determinatio@®f
percent clearest days a®d percent most impairetaysfor 2000 through 288. Natural conditions
for 20 percentclearest days (IMPROVE Natural Haze Levels Il versioar®) ratural conditions
for 20 percent most impaired days Class | areageredownloaded fronfED.

2-2 Natural Visibility Metrics

Even in the absence of emissons fom human adivities, some ével of light extinction
ocaurs from natural causes. Thisfinatural hazeod represents the best expedation for long-term
progress atClassl areas and isthegoal for theseareas by 2064.

For the first SIP planningeriod ending in 2018JSHEPA has guidance (USEPA 2003a)
for calculating natural haze levels based on mesurements ofparticulate speciesat Class| areas
during abaselineperiod. States comhinemeasurements of everal parameters tocaculate afiHaze
Index0in dv units bagd onestimates of light extinction. Afuller explaration oftracking progress
procedures is presented in a 2003 USHEPA guidance document USEPA 2003b) For the current
SIP planning period ending in 2028eDecember 201§uidance (USEPA 2@®) contains final
recommendations on methods for selecting 20 percent most impaired days to track visibility and
for determining natural visibility conditions.

Natural haze levels ae calculated for both 20 percentlearest days and 20 percenimost
impared days becausechanging natural processes led to variability in natural visibility. For the
second planning periodANEVU states have agreed to ua@ percentclearest days natural
levels(IMPROVE Natural Haze Levels Wlersion 24/2020 update))and derive®0 percentnost
impaired days natural levelsy U S E P Arécent guidance (USEPA 20B). Note that for
IMPROVE Protocol sitesmetrics for20 percent most impaired dayere calculated if at least
six years of data is availabldlatural visibility levels for the 20 percentlearesidaysfor Class |
and IMPROVE Protocol monitoring sitesti,e MANEVU and adjacent Classl areas are presented
in Table 2-2.
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Table 2-2. 20 PercentClearest Days Natural Conditions for Class | and IMPROVE
Protocol Sitesln and Adjacent to theMANEVU Region

Extinction (Mm 1)

Site | Deciview . . :
Code (dv) Sulfate | Nitrate Orgéamlc Mass Light Absorbing Coarse Masg Sea Salt| Soll
arbon Carbon
MANEVU Class | Areas

ACAD | 4.66036| 0.75945 | 0.27297 2.00049 0.08352 0.56367 | 0.18629| 0.10431
BRIG | 5.51723| 0.88119 | 0.35236 2.54476 0.11958 1.03972 | 0.22229| 0.24231
GRGU| 3.73061| 0.6705 | 0.35433 1.61155 0.08198 0.63134 | 0.10698| 0.09615
LYBR_| 2.79447| 0.39477 | 0.25933 1.02682 0.05891 0.3773 0.04617| 0.08571
RHTS

MOOS| 5.01796| 0.83994 | 0.32516 2.24568 0.12446 0.75137 | 0.16123| 0.11956

Nearby Class | Areas
DOSO| 3.63715| 0.79949 | 0.38313 2.35139 0.10451 0.57496 | 0.06985| 0.16779
SHEN| 3.14633| 0.55701 | 0.5537 1.63632 0.08378 0.71779 | 0.07105| 0.14487
JARI | 4.38931| 0.81288 | 0.46888 2.07294 0.09621 0.83206 | 0.06385| 0.19781
MANEVU IMPROVE Protocol Sites

ADPI | 4.1197 | 0.66484 | 0.37501 2.05769 0.08995 0.61837 | 0.19171| 0.12611
AREN | 4.23823| 0.69604 | 0.28666 2.04036 0.09179 0.82225 | 0.17024| 0.19266
BRMA | 4.64585| 0.74476 | 0.30023 1.84437 0.07813 0.65535 | 0.21168| 0.10856
CABA | 4.82768| 0.72653 | 0.22981 1.99149 0.07961 0.86898 | 0.17602| 0.16803
CACO| 5.95077| 0.78033 | 0.43355 2.55505 0.11739 1.03772 1.1255 | 0.14441
FRRE| 4.48105| 0.79186 | 0.39847 2.14043 0.10559 0.95432 | 0.11841| 0.20139
LOND | 4.99519| 0.84343 | 0.24382 2.1785 0.08201 0.8089 0.26277| 0.1028
MAVI | 6.11041| 0.8419 0.3516 2.53561 0.12299 0.9759 1.50675| 0.14822
MKGO| 4.52286| 0.79382 | 04743 2.13868 0.08989 0.87227 | 0.20685| 0.19927
MOMO| 3.67408| 0.64117 | 0.28174 1.6037 0.07982 0.55116 | 0.15415| 0.15967
NEYO | 5.52124 0.74 0.22607 2.59008 0.11492 0.94187 | 0.50003| 0.28483
PACK| 3.17199| 0.51903 | 0.22931 1.36239 0.07343 0.42529 | 0.09999| 0.06772
PENO| 4.62004| 0.67044 | 0.2915 1.80158 0.06975 0.73 0.28312| 0.1328
PMRF| 3.85573| 0.57006 | 0.24555 2.04162 0.08695 0.55555 | 0.14592| 0.08835
PRIS | 4.90981| 0.71974 | 0.26817 2.04509 0.11767 0.80764 | 0.20499| 0.20713
QURE| 3.92289| 0.62331 | 0.21967 1.8398 0.08 0.72058 0.2309 | 0.11885
WASH| 5.5175 | 0.86507 | 0.39121 2.34693 0.12815 1.19015 0.1747 | 0.28916

Nearby IMPROVE Protocol Site

QUCI | 4.95688] 0.76891 | 058488 | 2.66763

| 0.11451

0.97224 | 0.12414] 0.22298

Data Source:IMPROVENatural Conditions(2064) downloaded 2/15/2022 from thED website

* Natural haze valuesare naot calculated for areas without 200604 baseline monitoring data or nearby
representative IMPROVE site valuddsibility for the Presidential Range/Dry River WildernessArea,
Roaosevelt Campotello International Park, and Otter Creek Wildernesse represatedby the IMPROVE
monitorsfor Great Gulf, Moosehorn and Dolly Sodsregectively.

deciviewconditionsfor the 20 percent most impaired days include routine and episodic extinction
levels. Table 23 shows the derivedatural routine and episodic extinction levels and the final
derived natural deciview levélisr all MANEVU and nearby Classareas and IMPROVE Protocol

sites.

Per USEPA guidanc8JSEPA 2018) other metrics needed to calculate nat(2864)
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Table 2-3. 20 Percent Most Impaired Days Natural Conditions for Class | and IMPROVE
Protocol Sites In and Adjacent to theMANEVU Region

Derived e3 (Mm?) Natural Extinction * (Mm )
. Natural N o Organic Light
Site Deciview Episodic | Episodic Sulfate | Nitrate | Carbon | Absorbing | Saill C,\zg;ze

*
Code (dv) Carbon Dust Mass Carbon

MANEVU Class | Areas
ACAD | 10.39 | 10.43781| 3.11129| 2.0362 | 0.9343 | 5.4325 0.2 0.2471 1.2826
BRIG | 10.68 | 20.14885| 9.06602| 1.8028 | 0.8159 | 6.0084 0.2 0.4714 1.8

GRGU| 9.78 12.06917| 3.23312| 1.8346 | 0.8185 | 5.567 0.2 0.2457 1.589
LI;(FBI'II?S_ 10.24 11.44467| 2.75272 1.7712 | 0.7974 | 5.4171 0.2 0.2787 1.0723

MOOS| 9.98 11.13297] 2.53611| 1.9045 | 0.8729 | 5.7791 0.2 0.2322 1.5336

Nearby Class | Areas
DOSO| 8.92 | 13.56802| 3.39637| 1.8867 | 0.8222 | 5.7402 0.2  [0.4262 1.3146
SHEN| 9.52 | 15.06487| 3.91633| 1.8228 | 0.7919 | 5.9616 0.2  [0.4086 1.7282
JARI 9.47 | 26.21782] 2.94106| 1.7784 | 0.7975 | 5.7779 0.2 0.481] 1.8

MANEVU IMPROVE Protocol Sites
ADP| | 10.48 | 14.74291| 3.701% | 1.8252 | 0.8309 | 5.9314 0.2 0.3975 1.549
AREN| 10.17 | 22.12885| 5.55573| 1.7191 | 0.7791 | 5.9075 0.2 0.4789 1.8
BRMA | 10.46 | 12.93536| 2.52050| 1.7925 | 0.8171 | 5.8414 0.2 0.2714 1.2729
CABA | 10.93 | 18.89948| 3.77916| 1.716 | 0.7939 | 6.077 0.2 0.3216 1.7606
CACO| 11.00 | 12.34542| 4.92962| 1.7068 | 0.781 | 6.106 0.2 0.3214 1.8
FRRE| 9.61 | 15.56266| 4.50415| 1.862 | 0.8228 | 5.726 0.2 0.4568 1.8
LOND| 10.45 | 20.85445| 4.38664| 1.7467 | 0.7999 | 5.7653 0.2 0.2256 1.7957
MAVI 11.11 | 12.19136| 6.16371| 1.7205 | 0.7844 | 5.2647 0.2 0.2763 1.8
MKGO| 10.18 | 29.77069| 4.69115| 1.9606 | 0.8908 | 5.7382 0.2 0.4603 1.8
MOMO| 10.90 | 15.20135| 3.02756| 1.7634 | 0.8034 | 5.9778 0.2 0.3957 1.488
NEYO| 10.86 | 50.20181|1122020| 1.6464 | 0.755 | 5.7306 0.2 0.5 1.8
PACK | 9.55 | 12.23893| 3.01266| 1.7673 | 0.8032 | 4.7402 0.2 0.2291 1.3533
PENO| 10.34 | 24.01936| 4.65363| 1.805 | 0.8263 | 5.9382 0.2 0.3332 1.7952
PMRF| 10.29 | 13.69720| 2.88460| 1.8026 | 0.7977 | 5.859 0.2 0.2827 1.2672
PRIS| 10.24 | 16.54543| 7.71344| 1.8395 | 0.8386 | 5.8598 0.2 0.4976 1.8
QURE| 10.81 | 17.02239| 3.13621| 1.747 | 0.7909 | 6.0622 0.2 0.3683 1.612
WASH| 9.85 | 30.73590| 6.01375| 1.6828 | 0.7745 | 5.7776 0.2 0.5 1.8

Nearby IMPROVE Protocol Site

QuCI| 9.77 | 16.66106] 5.52181| 1.8759 | 0.8473 | 5.716 | 0.2 [0.4863 1.8
Data Sources: 12/19/2020 RHpisodic(e3) data download from the FED website datural
Conditions(Extinction)I updatedApril 2020file on thelMPROVE website
* Visibili ty for the Presidential Range/Dry RiverWildernessArea, Roasevelt Campobello International Park
and Otter Creek Wildernesserepreseantedby the IMPROVE monitorsfor Great Gulf, Moosehorn and Dolly
Sodsregectively.
#NC-1I group 100 (all days)

2-3 Baseling Current and Reasonable Progress Goaisibility Metrics

The RHR requires gatesto ewauate current regional haze conditions at Class| areas
subgct to therule relative to conditions duing a higoric baseline gerod. The historic baseline
period is the five-year period from 2000through 2004andthe current fiveyear period is 204
through 2@3. Reasnable progress goals (RPGs) were established for the first implementation
planning periodfor reduction of regional haze through 2018for each Class areaand were

8
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establislkedthrough 2028 in the second implementation planning peBtades with Class | areas
in consultation with other states and federal land manzape)28RPGs(MANEVU 2018a)for
the 20 percent mostimpaired days and for the 20 percentclearestdays as shown in Figure-3.
Compaison ketween thefive-year average Haze Index in 2028 (average of the2024-2028 annuel
Haze Index values)and the laselineHaze Index will determineif stateshave met 2@8 RPG. The
RPGs are designed to at least ensue no degradation from the baseline periodor 20 percent
clearestays visibility and achievement ofreasonabl@rogresstoward natural conditionfr 20
percentmost impaired dagvisibility.

Haze indexes for baseline and curr@tpercentlearest days are fiwgear averages of
each vy e aR®psrceatamwest daity baze index valudResults for each Class | area in the
MANEVU and nearby regions are Trable 24. For all Class | areas, current haze indexes for the
20 percentlearest days are below baseline levi#lasshowing no degradation.

Haze indexes for baseline and current 20 percent most impaired days are determined by
starting with calculating daily haze index values and calculating anthropogenic impairment levels
as specified in Chaptérof the guidancUSEPA 2018)The resulting impairment values are then
sorted to determine the 20 percent mosThe i mpai
final Obaselined and O0curyreeanrt 6a vhearzaeg ei nodfe xe accahl
20 percent most impaired days lgidhaze index valuesResults for each Class | area in the
MANEVU and nearby regions are Trable 24. The uniform rate of progress (URP) levels for
2021 and 2028 and 2028 RPGdor each Class | area are also included in Table Qondant
annw incrementl improvement in the Haze Index (dv) suchthat natural conditions will be
reached by 2064 s tamed afuniform rate of progresso (URP) (also referred to as the glide path)
Results show that all Class | areas in M @NEVU and nearby regions are currently betw&en
dv and8 dv below 2@3 URP levels and betweehdv and7 dv below 2028 URP levelResults
also show thator the 20 percent most impaired dagf, MANEVU Class | arem arebelow the
respectivanodeled 2028 RP€xxcept for Acadia National Park adjacent Class | arealames
River Facen Virginia need 0.57 dv improvement to readks respective modeled 2028 RPG.

AppendixA contains 20 percent clearest days and 20 percent most impaired days annual
and 5year rolling average haze indexes fofdANEVU and nearby region Classrieas.
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Table 2-4. Baseline Current and Reasonable Progress Go&lazeIndex Levelsfor Class |

AreaslIn or Adjacent to the MANEVU Region

IMPROVE CLEAREST DAYS MOST IMPAIRED DAYS

SITE Baseline| Current |RPG" | Baseline| Current |URP'|URP’|RPG"

DATA (2000:04)|(2019-23) | (2028)[ (2000-04)| (2019-23) | 2023 | 2028|(2028)
Class | Area CODE(S) |State| (dv) (dv) (dv) (dv) (dv) (dv) | (dv) | (dv)
)Acadia National Park ACAD ME 8.78 6.13 6.33 | 22.01 1354 |1833|17.36| 13.35
Moosehorn Wilderness Area ME
Roosevelt Campobello MOOS NB 9.16 6.01 6.45 | 2065 1238 |17.27/1638| 13.12
International Park
Great Gulf Wilderness Area
Presidential Range/Dry Rivel GRGU | NH 7.65 448 5.06 | 2188 1140 |1805|17.04| 12.00
\Wilderness Area
Lye Brook Wilderness Area LIJI—?‘FS_ VT 6.37 4.29 3.86 | 23.57 12.90 |1935|1824| 13.68
Brigantine Wilderness Area BRIG NJ 14.33 9.81 10.47| 27.43 1669 |22.13|20.73| 17.97
Dolly SodsWildernessAr e |

DOSO |wWv | 12.28 6.29 7.27 | 28.29 14.80 |22.15/20.%4| 15.09
Otter Creek Wderness Ar
James River H JARI VA 14.21 843 9.36 28.08 15.83 22.19(20.64| 15.31
ShenandoahNational Park A SHEN | VA 10.96 6.60 6.83 | 28.32 13.95 |22.37|20.80| 14.25

AClass| areaadjacert to the MANEVUregion;
* Uniform Rate of Progress
"Modeled Reasonable Progress GadiXNEVU2018)

2-4

Visibility Metrics Trend Plots

Figures 2-1 through Figure 2-8 present annual and 5year averagedze indexeson the 20
percent clearest days and 20 percenistimpared days at MANEVU and adjacent Classl areas
between 2000and 2023 in the context of long-term visibility goals. Table A-1 through Table A5
in Appendix A present haze index trendsumeically. URPsand RPGshown in theigures are the
long-termvisibility goals for each Class | area

Thesefigures show that hee levels on the20 percentlearest an@0 percenimost impaired
daysfrom 2000 throgh 223 have dropped aaoss thentireregion (although in very recent years,
a leveling off, or even increase, is evident at some sité®grey region in the figures denes
therange of 20 percent clearesto 20 percentnost impairechaze levels expeded tooccur under
natural conditons. Thus, th&JRPline inteseds withthehighest portion ofthegrey areain 2064

for most sitesFor the Brigantine, Dolly SodsShenandoaland James River Face Wilderness
Areas, whose haze levels on the 20 perclarestays during the 2000 to 2004 baseline period
were higher than estimated natural conditions on the 20 pemuestt impaireddays, the no
degradation line (representing the letegm clearestday goal) is higher than tHéRP at dates
approaching 2064. This nonsensical situation by 2064 is an artifact of technical guidance and only
represents stated haze level goals, not anticipated results.

10



Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2"4 RH SIP Metrics)

Haze Index (deciviews)

30

25

N
o

-
(5}

=y
o

Figure 2-1. Visibility Metrics Levels at Acadia National Park

Range of Natural Haze (Most Impaired to Clearest)
¢ Haze Index, Annual - 20% Clearest Days
¢ Haze Index, Annual - 20% MostImpaired Days
---- No Degradation
— — - Uniform Rate of Progress
X Base Case - 20% Clearest Days
X Base Case - 20% Most Impaired Days
+ Reasonable Progress Goal (RPG) - 20% Clearest Days
+ RPG - 20% Most Impaired Days
-~ Straight line path to RPG - 20% Clearest Days
- Straight line path to RPG - 20% Most Impaired Days
== Haze Index, 5-Year Rolling - 20% Clearest Days
Haze Index, 5-Year Rolling - 20% Most Impaired Days
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Figure 2-2. Visibility Metrics Levels atMoosehorn Wilderness Area

Range of Natural Haze (Most Impaired to Clearest)
< Haze Index, Annual - 20% Clearest Days
< Haze Index, Annual - 20% Meost Impaired Days
- --- No Degradation
— — —Uniform Rate of Progress
X DBase Case - 20% Clearest Days
X Base Case - 20% Most Impaired Days
+ Reasonable Progress Goal (RPG) - 20% Clearest Days
+ RPG - 20% Most Impaired Days
- Straight line path to RPG - 20% Clearest Days
- Straight line path to RPG - 20% Most Impaired Days
= Haze Index, 5-Year Rolling - 20% Clearest Days
= Haze Index, 5-Year Rolling - 20% Most Impaired Days
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Figure 2-3. Visibility Metrics Levels atGreat Gulf Wilderness Area

Range of Natural Haze (Most Impaired to Clearest)
< Haze Index, Annual - 20% Clearest Days
< Haze Index, Annual - 20% Most Impaired Days
---- No Degradation
— — - Uniform Rate of Progress
X Base Case - 20% Clearest Days
X Base Case - 20% Most Impaired Days
+ Reasonable Progress Goal (RPG) - 20% Clearest Days
+ RPG -20% Most Impaired Days
- Straight line path to RPG - 20% Clearest Days
- Straight line path to RPG - 20% Most Impaired Days
Haze Index, 5-Year Rolling - 20% Clearest Days
= Haze Index, 5-Year Rolling - 20% Most Impaired Days
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Figure 2-4. Visibility Metrics Levels atLye Brook Wilderness Area

Range of Natural Haze (Most Impaired to Clearest)
< Haze Index, Annual - 20% Clearest Days
< Haze Index, Annual - 20% Most Impaired Days
---- No Degradation
— — - Uniform Rate of Progress
X Base Case - 20% Clearest Days
X Base Case - 20% Most Impaired Days
+ Reasonable Progress Goal (RPG) -20% Clearest Days
+ RPG - 20% Most Impaired Days
e Straight line path to RPG - 20% Clearest Days
- Straight line path to RPG - 20% Most Impaired Days
Haze Index, 5-Year Rolling - 20% Clearest Days
Haze Index, 5-Year Rolling - 20% Most Impaired Days
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Figure 2-5. Visibility Metrics Levels atBrigantine Wilderness Area

Range of Natural Haze (Most Impaired to Clearest)

& Haze Index, Annual - 20% Clearest Days

¢ Haze Index, Annual - 20% Most Impaired Days
- --- No Degradation
— —— Uniform Rate of Progress

X Base Case - 20% Clearest Days

X Base Case - 20% Most Impaired Days

+ Reasonable Progress Goal (RPG) - 20% Clearest Days

+ RPG - 20% Most Impaired Days
- - Straight line path to RPG - 20% Clearest Days
- Straight line path to RPG - 20% Most Impaired Days
Haze Index, 5-Year Rolling - 20% Clearest Days
== Haze Index, 5-Year Rolling - 20% Most Impaired Days
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Figure 2-6. Visibility Metrics Levels atDolly Sods Wilderness Area

i Range of Natural Haze (Most Impaired to Clearest)
< Haze Index, Annual - 20% Clearest Days
¢ Haze Index, Annual - 20% Most Impaired Days
---- No Degradation
— — - Uniform Rate of Progress
X Base Case - 20% Clearest Days
4 X Base Case - 20% Most Impaired Days
+ Reasonable Progress Goal (RPG) - 20% Clearest Days
+ RPG - 20% Most Impaired Days
- Straight line path to RPG - 20% Clearest Days
- Straight line path to RPG - 20% Most Impaired Days
Haze Index, 5-Year Rolling - 20% Clearest Days
- Haze Index, 5-Year Rolling - 20% Most Impaired Days
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Figure 2-7. Visibility Metrics Levels atShenandoah National Park

Range of Natural Haze (Most Impaired to Clearest)
< Haze Index, Annual - 20% Clearest Days
< Haze Index, Annual - 20% Most Impaired Days
---- No Degradation
— — —Uniform Rate of Progress
X Base Case - 20% Clearest Days
X Base Case - 20% Most Impaired Days
+ Reasonable Progress Goal (RPG) - 20% Clearest Days
+ RPG - 20% Most Impaired Days
- - Straight line path to RPG - 20% Clearest Days
- - Straight line path to RPG - 20% Most Impaired Days
= Haze Index, 5-Year Rolling - 20% Clearest Days
— Haze Index, 5-Year Rolling - 20% Most Impaired Days
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Figure 2-8. Visibility Metrics Levelsat James River Face Wilderness

o) Range of Natural Haze (Most Impaired to Clearest)
< Haze Index, Annual - 20% Clearest Days
¢ Haze Index, Annual - 20% MostImpaired Days
---- No Degradation
— — - Uniform Rate of Progress
X Base Case - 20% Clearest Days
X Base Case - 20% Most Impaired Days
+ Reasonable Progress Goal (RPG) - 20% Clearest Days
+ RPG - 20% Most Impaired Days
Straight line path to RPG - 20% Clearest Days
Straight line path to RPG - 20% Most Impaired Days
Haze Index, 5-Year Rolling - 20% Clearest Days
Haze Index, 5-Year Rolling - 20% Most Impaired Days
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3. Visibility Species Light Extinction Trends

In addition to analyzing trends in owral visibility changes at IMPROVE monitoring
locations in the regigrchanges inindividual PM speciegconstituentsgontibutionsto visbility
impairment were also examinedoth natural andanthropogenic species contributionerey
included in the analyses. Rayleigh, sea, sailtl soilspecies are natural components of visibility.
Sulfate, nitrate, organic carbon mass, light absorbing carbon (elemental carfltbodparse mass
species in the analyses are both natural and anthropogenic components of visibility.

Analyses of visibility by speciekelp policy decision makers determine what control
strategies to consider fduture regional haze implementation planning pesiotihe first set of
analysis plots in Figure-B through Figure B show 5year baseline period v§-year current
period species average percent contributiéms both 20 percentclearest an®0 percentmost
impaired daysResults clearly show a significant reductiorhia sulfatecontributionsat all Class
| areas for th@0 percenimost impaired dayd herefore, other species, such as nitrates and organic
carbon mass, now make up larger portions of visibility impairment at some of the Class | areas.

Current and baselineyear average light extinction levels for the 20 percigdres{see
Figure 3-9(a)) and 20 percemhost impairedsee Figure3-9(b)) visibility days for all Class |
IMPROVE sites are shown side by sidee$é chartshowdecreasgin the regionprimarily due
to sulfate reductionsvith nitrate and OCM reductions more evident during the 20 pecteares
days.Becausehere aremorecool days in the current 20 percemibst impaireddays mix the
relative contribution of nitrates increased from the baseline especially at the Brigantine Wilderness
Class | area.

Thenextset of analysis plots in Figurel®to Figure3-17 show indvidual specieselative
contributions haze indexspecies light extinction/total light extinction) (units = deciview (ds3)]
stacked bar charts for sulfate, ntrate, aganic carbonmass(OCM), light ab®rbing carbon(EC or
LAC), soil, coarsemass, sa slt, and Rayleigh extinction levels on 20 percentlearesdays( i a 0
plot) and 20 percenmost impairediays ( i b 0 . Theltot of the stacked barsrepresentsannuel
Haze Index valuesand is marked by circles conreded by athin black line. Thethick black line
represents five-year back annual averages from 2004to 2023. Two dashedines desend from the
2004five-year back average (i.e., the lasdlinevalue): thered dashedinerepresentsthe URP glide
pathto the 2064atural visibility goal and the black dashed line representsgiide pathto the
modeled 2028 RPG hesefigures confirm that large reductions in owral Haze Index values on
the 20 percent most impaireddays are primerily due to decreesses in sulfate visibiity impads at
MANEVU and other nearbglassl areas. Significant decreases in sulfate contributions started
in 2007 at Maineds Class | ar eas Asnhe suifate 2 00 8
contributions declined, relative nitratontributions have started to increase at many ,sites
especiallyat theBrigantineWilderness monitoring sitélhis increase is primarily due to having
more cool days in the20 percentmost impaired daymix during recentyears.During cooler
weathey relative nitrate contributions are higher than dusiegm weathefmorediscussion of
cool weathenitrates ifoundat the end of this sectiorfteady deaeases insulfate contributions
have reduced overall hazelevels on the20 percent clearedbys. Thesedecreases on the20 percent
clearestlays started to occur after 20&4most of theClass lareas.
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Sulfate remains themostsignificant contributor to ight extinction at all Class| areas on
the mostimpaired days in andadjacent to theMANEVU region, followed by nitrate andOCM.
For the Brigantine and Lye Brook Class | sitafrate contributions are nearing the level of sulfate
contributions.For the mostpart, light extinction from soiland sa salt, which help indicae the
extent to which atural haze processes catribute to oveall haze levels, ae insignificant when
compared to ectinctionfrom sulfite and nirate. Similar plots forthe 20 most impaired days at the
IMPROVE Protocol sites are in Appendx

Thethird set of analysis plots in FigureIB for New England Class | areas and Figure 3
19for other Class | areas show the mix0fpercenimost impaired days by season. Results clearly
show thatwarm weathedays no longer dominate the mix at all Class | areas. For many of the
Class | areas there are now mooel weathedaysin the mix That trend is more evident at New
Jersey, Virginiaand West Virginia Class | areashe increase imitrate extinction percent
contributions is consistent withe greater stability of nitrates durirgpol weatheand the lower
amount of sulfate to compete with nitrate formatiSmilar plots for IMPROVE Protocol sites
are in Appendix E.
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BASELINE AND CURRENT VISIBILITY SPECIES TRENDS PLOTS

Figure 3-1. Acadia National Park SpeciesPercentContribution to Baseline (200804) and Current (2019-23) Haze Index Levels

(a) 2000-04 20% Clearest Days (b) 2019-23 20% Clearest Days
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Figure 3-2. Moosehorn Wilderness AreaSpeciesPercent Contribution to Baseline (200604) and Current (2019-23) Haze Index Levels

(a) 2000-04 20% Clearest Days (b) 2019-23 20% Clearest Days
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Note: Moosehorn did not have data for 2020.
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-3. Great Gulf Wilderness Area SpeciesPercentContribution to Baseline (200604) and Current (2019-23) Haze Index Levels

(a) 2000-04 20% Clearest Days (b) 2019-23 20% Clearest Days

Rayleigh
M Sea Salt

27%

Coarse Mass

m Soil

51% A .
M Light Absorbing Carbon

M Organic Carbon Mass

M Nitrate 70%

Sulfate

(c) 2000-2004 20% Most Impaired Days (d) 2019-2023 20% Most Impaired Days

10%

Rayleigh

M Sea Salt 31%

34%

Coarse Mass
M Soil

M Light Absorbing Carbon

W Organic Carbon Mass

M Nitrate
71%

Sulfate

Note: Great Gulf did not have data for 2000.
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Figure 3-4. Lye Brook Wilderness AreaSpeciesPercentContribution to Baseline (200604) and Current (2019-23) Haze Index Levels
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Note: Lye Brook did not have data for 2022.
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Figure 3-5. Brigantine Wilderness AreaSpeciesPercentContribution to Baseline (200604) andCurrent (2019-23) Haze Index Levels
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Note: Brigantine did not have data for 2020.
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-6. Dolly Sods Wilderness AreaSpeciesPercentContribution to Baseline (200604) and Current (2019-23) Haze Index Levels
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-7. ShenandoahNational Park SpeciesPercentContribution to Baseline (200804) and Current (2019-23) Haze Index Levels
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-8. James River Face Wilderness Are&peciesPercentContribution to Baseline (200604) and Current (2019-23) Haze Index
Levels
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-9. Current and Baseline 5Year Average Light Extinction at Class | Siteson 20 PercentClearest(left) and 20 PercentMost
Impaired Visibility Days (right)
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Note the different Yaxis scales for the 20 percent clearest (left) and 20 percent most impaired (right) charts.




Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

ANNUAL VISIBILITY SPECIES TRENDS PLOTS

Figure 3-10. Individual SpeciesContribution to Annual Haze Index Levels at Acadia National Park on 2@PercentClearestand Most
Impaired Visibility Days
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-11. Individual SpeciesContribution to Annual Haze Index Levels atMoosehorn Wilderness Areaon 20PercentClearestand
Most Impaired Visibility Days
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-12. Individual SpeciesContribution to Annual Haze Index Levels atGreat Gulf Wilderness Areaon 20PercentClearestand
Most Impaired Visibility Days
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-13. Individual SpeciesContribution to Annual Haze Index Levels atLye Brook Wilderness Areaon 20PercentClearestand
Most Impaired Visibility Days
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-14. Individual SpecieContribution to Annual Haze Index Levels atBrigantine Wilderness Areaon 20PercentClearestand
Most Impaired Visibility Days
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Figure 3-15. Individual SpeciesContribution to Annual Haze Index Levels atDolly Sods Wilderness Areaon 20PercentClearestand
Most Impaired Visibility Days
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Mid-Atlantic/Northeast U.S. Visibility Dat@2004-2023 (2" RH SIP Metrics)

Figure 3-16. Individual SpeciegContribution to Annual Haze Index Levels atShenandoahNational Park on 20PercentClearestand
Most Impaired Visibility Days
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Figure 3-17. Individual SpecieContribution to Annual Haze Index Levels atJames River Face Wilderness Arean 20Percent
Clearestand Most Impaired Visibility Days
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SEASONAL TRENDS OF 20 PERCENT MOST IMPAIRED DAYS

Figure 3-18. Seasonal Breakdown o020 Percent Most Impaired Visibility Daysfor New England Class | Areas
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Figure 3-19. Seasonal Breakdown o020 Percent Most ImpairedVisibility Days for New Jersey West Virginia and Virginia Class | Areas
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4. Summary

Reductions inair pollution continueto bringdown levels of fine particulate matter inthe
eastan United $ates, which in turrere leading to improved visibility at federaly protected Chkss
| areas in andadjacent to the MANEVU region. The MANEVU Classl sites are experiencing
significant improvements in visibilitiargely as the result afeductions in suléte levels. Based on
rolling five-yea averages demonsating progresssincethe 20@-2004 taselineperiod, MANEVU
Class| areas are currently belovthe 2023 URP and baseline period leveler the 20 percent
clearestisibility days Thetrendsare mainly driven by large reductions insulfate light extinction.
Levels of nitrate extinctiohave decreasddr the 20 percentlearest dayshowever ,its relative
percent contributiotevels are increasinigr the20 percentnost impaired days in recent years as
morecool days are in the0 percentost impaired days mpespecially forthe Brigantine and
Lye BrookClass | areasThough states are onad to be below2028 URP levels, current(2019-
23) visibility levels are greater than modeled 20R®Gsfor Acadia andJames River Facéhe
2028RPG is the metristatesieed taachievefor the second planning periotherefore, more work
is needed to ensure that reasonable progress towards the goal of natural conditions by 2064
continuesContinued sulfate and nitratereductions are primary drers in continuingto improve
visibility.

Large emisgon reductionsof NOy and sulfurdioxide (SO,) aaoss theregion in response
to regional emisson reduction requirementsfor power plants(i.e., NOx SIP Call,NOx Reasonably
Available Control Technology (RACT), Cross State Air Pollution RulSABR), 2010 SQ
National Ambient Air Quality StandardNAAQS), etc.) are likely principal drivers for these
visibility improvements. Reductions have occurred recently dbe power sector continued to
control or phase outcoa plants aross theeastean United Sates inresponse tocompettive
pressues from retural gas generation, overal reduced electricity demand,and morestringent
requirements tareduce emisgons ofair toxics (.e.,2011 Mercury and Air Toxics (MATS) rule)

In addition to addressng emisgons fom power plants, staes across theMANEVU region
have enadedlow sulfurcontentrequirementsfor fuel oils, which cover home teaing oil (distillate)
and residual ols (#4and #6. At the federal level, USEPA finalized the Tier 3 maor vehicle
program in 2014that includeslowering sulfurcontent in gsoline. While gasoline combusgion is
a minor sotce of SO, emissons, theTier 3 fuel requirements gynific antly reduced NOx emissons
from theexisting fleet of on-road gasolinevehicles by reducing sulfur poisoning ofthe caalyst in
catalytic converters, thus improvingcontrol technology performance. This helped leado lower
nitrate levels, mostnotaby during colder weahermonthswhen nitratesare more themally stabe.

In wamer weaher montrs, NOx promaes grourd-level ozone famation, wheh in turn can
enhance formation of visibility-limiting secondary organic agosols (Grleton et al. 2010.
Therefore, lower levels of NOy because ofier 3 asolikely improved visibility by reducing ozone
formaionthat leads tocabonaceousPM. MANEVU anticipates @irther improvements from more
recent light, medium, andheaw-duty vehicle national emission standards finalized by USEPA in
2024 (USEPA 2024a, 2024b)

In sumnary, thevisibility dataexamined using the20 percenmost impaired and0 percent
clearestdays metricsn this report cemonstete thet broad, regional efforts to reduce emissons of
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visibility-imparing pollutantshave had &eneficial effed at theregi 0 n 6 sl arés. IMBROVE

data trendsindicate that sétescontinueto be on tad to keep visibility levelssignificantly below

the uniform rate of progress levelsdmostClass | areas have already achieved levels below the
respective RPGd#However, futher progressis neededat Acadiato achieveits 2028reasonable
progress goalgstablishedor the second regional haze implementation planning pefiso,
despite the overall downward trend in haze indexes, some MANEVU and nearby Class | areas
have displayed uptickn 2023 Two sites have shown an uptick in 2023 for the 20% most impaired
days (and irthe case of Brigantinghe 20% clearest days well) Brigantine (see Figures2

and 314) and Dolly Sods (see Figure$2and 315). Three sites have shown an uptick in 2023
for the 20% clearest days only: Acadia (see Figurésa@d 310), Moosehorn (see Figures22

and 311), and Lye Brook (see Figurestzand 313). Thereforefurther work is needed to ensure
that downward trends continue towards the RHR goal of natural visibility conditions by 2064.
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Appendix A: Tracking ProgressData for Class | Areas
In and Adjacent to the MANEVU Region
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Table A-1. Tracking Progress Dda for Acadia National Park (ME) and Brigantine Wilderness(NJ)
Class | Areasin the MANEVU Region (dv)

20 Percen€ClearesDays 20 PercenMost ImpairedDays
Class| Area Year Haze Index, Haze Inde_x| 5 Haze Index, Haze Inde_x,
Annual Year Rolling Annual 5-Year Rolling
2000 8.90 - 20.75 -
2001 8.87 - 22.37 -
2002 8.77 - 22.91 -
2003 8.77 - 22.70 -
2004 8.56 8.78 21.34 22.01
2005 7.66 8.53 21.85 22.23
2006 8.25 8.40 22.69 22.30
2007 8.28 8.30 20.84 21.88
2008 7.76 8.10 19.35 21.21
2009 6.92 7.77 18.17 20.58
2010 6.71 7.58 17.52 19.71
2011 7.51 7.44 17.39 18.65
Acada National Park (ACAD) ggg g;g ;gg iggi 122451
2014 7.03 7.05 15.36 16.28
2015 6.05 6.92 16.07 15.99
2016 6.08 6.63 13.72 15.26
2018 7.18 6.52 13.97 14.89
2018 6.53 6.58 13.58 14.54
2019 5.95 6.36 13.85 14.24
2020 6.80 6.51 13.52 13.73
2021 6.26 6.54 14.01 13.78
2022 5.45 6.20 14.24 13.84
2023 6.21 6.13 12.07 13.54
2028 RPG 6.33RPG 13.35RPG
2064NAT 4.66NAT 1039 ER NAT
2000 14.26 - 27.37 -
2001 13.80 - 27.07 -
2002 14.83 - 26.53 -
2003 14.39 - 28.49 -
2004 14.36 14.33 27.69 27.43
2005 14.61 14.40 28.81 27.72
2006 15.35 14.71 26.88 27.68
2007 12.74 14.29 26.10 27.60
2008 * 14.26 * 27.37
2009 12.78 13.87 23.03 26.21
2010 11.82 13.17 24.51 25.13
. . . 2011 12.92 12.56 22.66 24.08
Brigantine Wilderess 2012 11.93 12.36 20.95 22.79
(BRIG) 2013 11.80 12.25 20.12 22.25
2014 11.66 12.03 21.09 21.87
2015 11.44 11.95 20.84 21.13
2016 11.12 11.59 19.18 20.44
2017 11.36 11.48 18.09 19.86
2018 10.70 11.26 17.37 19.31
2019 9.44 10.81 17.19 18.53
2020 * 10.66 * 17.96
2021 10.11 10.40 16.97 17.40
2022 9.64 9.97 16.12 16.91
2023 10.03 9.81 16.50 16.69
2028 RPG 10.47RPG 17.97RPG
2064NAT 5.52 NAT 1068 ER NAT

f-0 = not apdicable; fi* 0= no data availabJdiRPG) = Reasonable Progress GaGiAT 0 = Natural Conditionsd E R 0
episodic routine

A-1
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Table A-2. Tracking Progress Dda for Great Gulf Wilderness (NH) and Lye Brook Wilderness
(VT) Class | Areasin the MANEVU Region (dv)

20 Percen€ClearesDays 20 PercenMost ImpairedDays
Class| Area Year Haze Index, Haze Inde_x| 5 Haze Index, Haze Inde_x,
Annual Year Rolling Annual 5-Year Rolling
2000 * - * -
2001 8.26 - 22.47 -
2002 7.77 - 23.43 -
2003 6.94 - 20.65 -
2004 7.61 7.65 20.97 21.88
2005 6.69 7.46 20.51 21.61
2006 6.43 7.09 19.74 21.06
2007 6.86 6.91 21.06 20.59
2008 6.26 6.77 16.10 19.67
2009 * 6.56 * 19.35
2010 * 6.52 * 18.96
2011 6.39 6.50 17.48 18.21
Great Gulf Wilderness Area| 2012 5.81 6.16 14.86 16.14
(GRGU) 2013 5.41 5.87 13.87 15.40
2014 5.75 5.84 15.19 15.35
2015 4.92 5.66 14.44 15.17
2016 4.69 5.32 11.23 13.92
2017 5.22 5.20 11.81 13.31
2018 4.37 4.99 12.70 13.07
2019 4.30 4.70 11.47 12.33
2020 4.92 4.70 11.04 11.65
2021 4.54 4.67 12.49 11.90
2022 4.52 4.53 11.42 11.82
2023 4.10 4.48 10.60 11.40
2028 RPG 5.06RPG 12.00RPG
2064NAT 3.73 NAT 9.78ER NAT
2000 6.49 - 23.10 -
2001 6.47 - 25.48 -
2002 6.43 - 23.46 -
2003 5.83 - 23.37 -
2004 6.61 6.37 22.41 23.57
2005 5.45 6.16 25.92 24.13
2006 5.24 5.91 21.19 23.27
2007 5.74 5.78 25.26 23.63
2008 * 5.76 * 23.69
2009 4.11 5.14 17.85 22.55
2010 4.08 4.80 19.09 20.85
Lye Brook Wilderness Area ;812 gig 233 1?% igég
(LYBR 2000-2011) - - - -
(LYEB 2012current) 2013 5.35 4.89 17.32 18.06
2014 5.00 5.07 16.61 17.81
2015 5.20 5.29 15.36 17.07
2016 4.88 5.19 13.42 16.10
2017 5.43 5.17 13.95 15.33
2018 4.62 5.03 14.31 14.73
2019 4.25 4.88 13.28 14.06
2020 4.82 4.80 12.46 13.48
2021 3.97 4.62 13.30 13.46
2022 * 4.41 * 13.34
2023 4.14 4.29 12.55 12.90
2028 RPG 3.86RPG 13.68RPG
2064NAT 2.79 NAT 1024 ER NAT

f-0 = not apgicable; fi* 0 = no data availabl§fiRPQ = Reasonable Progress GA®AT0 = Natural Conditionso E R 0
episodic routine

A-2
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Table A-3. Tracking Progress Dda for the MoosehornWilderness (ME) Class | Area in the
MANEVU Region (dv)

20 PercenClearesDays

20 PercenMost ImpairedDays

Haze Index Hazelndex 5- Haze Index Haze Index
Class| Area Year Annual Year Rolling Annual 5-Year Rolling
2000 8.94 - 19.48 -
2001 9.31 - 21.30 -
2002 9.12 - 22.12 -
2003 9.48 - 20.96 -
2004 8.93 9.16 19.40 20.65
2005 7.99 8.97 20.92 20.94
2006 8.60 8.82 20.72 20.82
2007 7.79 8.56 18.50 20.10
2008 7.82 8.23 17.51 19.41
2009 6.83 7.81 17.01 18.93
2010 5.98 7.41 16.45 18.04
Moosehorn Wilderness 2011 6.97 7.08 16.38 17.17
Area 2012 7.32 6.99 14.74 16.42
(MOOS) 2013 6.55 6.73 14.42 15.80
2014 6.90 6.74 14.15 15.23
2015 6.64 6.88 14.53 14.85
2016 6.09 6.70 12.56 14.08
2017 6.77 6.59 12.13 13.56
2018 6.57 6.59 13.23 13.32
2019 6.31 6.48 12.49 12.99
2020 * 6.43 * 12.60
2021 5.90 6.39 12.83 12.67
2022 5.63 6.10 12.87 12.86
2023 6.21 6.01 11.33 12.38
2028 RPG 6.45RPG 13.12RPG
2064NAT 5.02 NAT 9.98 ER NAT

f0 = not apdicable; i 0= no dataavailable ARPG) = Reasonable Progress Ga@®AT 0 = Natural Conditionsd E R 0

episodic routine

A-3
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Table A-4. Tracking Progress Dda for the Dolly SodsWilderness(WYV) Class | Area Adjacent to

the MANEVU Region (dv)

20 PercenClearesDays

20 PercentMost ImpairedDays

Haze Index Hazelndex 5- Haze Index Haze Index
Class! Area Year Annual Year Rolling Annual 5-Year Rolling

2000 12.96 - 27.72 -
2001 13.30 - 27.53 -
2002 11.91 - 27.96 -
2003 11.54 - 29.33 -

2004 11.67 12.28 28.91 28.29

2005 11.91 12.07 30.45 28.84

2006 10.57 11.52 28.91 29.11

2007 10.20 11.18 28.15 29.15

2008 9.44 10.76 24.37 28.16

2009 8.70 10.16 21.89 26.75

2010 9.74 9.73 22.68 25.20

. 2011 8.75 9.37 23.75 24.17

Dolly S(%dgsv"o';demes 2012 9.59 9.25 20.88 22.71

2013 8.34 9.03 18.83 21.61

2014 8.52 8.99 19.41 21.11

2015 5.88 8.22 18.82 20.34

2016 7.00 7.87 16.76 18.94

2017 6.47 7.24 16.15 17.99

2018 5.52 6.68 17.10 17.65

2019 6.04 6.18 16.34 17.03

2020 5.82 6.17 13.77 16.02

2021 6.67 6.10 15.49 15.77

2022 6.73 6.15 14.16 15.37

2023 6.18 6.29 14.25 14.80

2028 RPG 7.27RPG 15.09RPG
2064NAT 3.64 NAT 8.92 ER NAT

f0 = not apdicable; i 0= no data availabJdiRPG) = Reasonable Progress Ga@iAT 0 = Natural Conditionsd E R 0

episodic routine
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Table A-5. Tracking Progress Dda for James River Face Wildernesand Shenandoah National
Park (VA) Class | AreasAdjacent to the MANEVU Region (dv)

20 Percen€ClearesDays 20 PercenMost ImpairedDays
Class| Area Year Haze Index, Haze Inde_x| 5 Haze Index, Haze Inde_x,
Annual Year Rolling Annual 5-Year Rolling
2000 * - * -
2001 14.54 - 28.36 -
2002 15.65 - 28.91 -
2003 12.85 - 27.61 -
2004 13.80 14.21 27.45 28.08
2005 14.92 14.35 30.32 28.53
2006 14.75 14.39 28.21 28.50
2007 13.78 14.02 27.49 28.22
2008 13.15 14.08 24.01 27.50
2009 11.55 13.63 22.07 26.42
2010 1351 13.35 22.88 24.94
2011 11.57 12.71 22.93 23.88
James River Face 2012 12.12 12.38 19.84 22.35
(JARI) 2013 9.86 11.72 18.59 21.27
2014 10.81 11.58 19.14 20.68
2015 9.76 10.83 18.47 19.80
2016 9.57 10.42 17.28 18.67
2017 8.38 9.68 17.26 18.15
2018 8.82 9.47 17.28 17.89
2019 8.41 8.99 16.11 17.28
2020 7.41 8.52 15.08 16.60
2021 9.34 847 16.63 16.47
2022 8.50 8.50 15.81 16.18
2023 8.50 8.43 15.76 15.88
2028 RPG 9.36RPG 15.31RPG
2064 NAT 4.39 NAT 947 ER NAT
2000 11.08 - 27.23 -
2001 13.21 - 27.62 -
2002 11.49 - 29.89 -
2003 9.48 - 27.87 -
2004 9.55 10.96 29.00 28.32
2005 10.48 10.84 30.51 28.98
2006 10.59 10.32 27.75 29.01
2007 11.13 10.25 28.17 28.66
2008 8.16 9.98 24.59 28.00
2009 8.23 9.72 21.20 26.44
2010 9.79 9.58 22.12 24.77
. 2011 7.87 9.04 22.10 23.64
She”a”?g?_'hE,N\“';‘“O”a' Park— 012 9.63 8.73 19.30 21.86
2013 7.50 8.60 18.88 20.72
2014 8.02 8.56 18.58 20.20
2015 6.50 7.90 18.65 19.50
2016 7.32 7.79 16.59 18.40
2017 6.35 7.14 16.14 17.77
2018 6.09 6.85 15.37 17.07
2019 6.44 6.54 15.16 16.38
2020 5.35 6.31 13.27 15.31
2021 7.24 6.30 13.78 14.74
2022 6.98 6.42 13.75 14.27
2023 6.99 6.60 13.80 13.95
2028 RPG 6.83RPG 14.25RPG
2064 NAT 3.15 NAT 952 ER NAT

-0 = not apdicable; f* 0= no data availabJdiRPG) = Reasonable Progress GaGiAT 0 = Natural Conditionsd E R 0

episodic routine

A-5
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Appendix B: Annual Visibility Species TrendsPIlots for
Current Active IMPROVE Protocol Sitesin and Adjacent to
the MANEVU Region
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Figure B-1. Presque Isle, MBndividual SpeciesContribution to Annual Haze Index Levels on 20
PercentMost Impaired Visibility Days

Presque Isle, ME Regional Haze 20% Most Impaired Days Trends
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Figure B-2. Penobscot Nation, MBndividual SpeciesContribution to Annual Haze Index Levels on 20
PercentMost Impaired Visibility Days

Penobscot Nation, ME Regional Haze 20% Most Impaired Days Trends
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Figure B-3. Casco Bay, MEndividual SpeciegContribution to Annual Haze Index Levels on 20Percent
Most Impaired Visibility Days

Casco Bay, ME Regional Haze 20% Most Impaired Days Trends
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Figure B-4. Proctor Maple R.F., VT Individual SpecieContribution to Annual Haze Index Levels on 20
PercentMost Impaired Visibility Days

Proctor Maple R. F., VT Regional Haze 20% Most Impaired Days Trends

30 7 Rayleigh Extinction Fraction
mm Sea Salt Extinction Fraction
[ Soil Extinction Fraction

Coarse Mass Extinction Fraction
W Elemental Carbon Extinction Fraction
mmmm Organic Mass-Carbon Extinction Fraction

mmmm Nitrate Extinction Fraction

N
o
L

-—=- Sulfate Extinction Fraction
= —6— Haze Index - 20% Most Impaired Days
—Haze Index - 5-Year Average
X Base Case - 20% Most Impaired
= = Uniform Rate of Progress
&9 + Reasonable Progress Goal - 20% Most Impaired

| | s+« s Straight line path to RPG - 20% Most Impaired Days
ET R ECIRIITICEFRITOCREREIDEEREREE EE O o€ X TUEE -I.uu.u--..uu-uuuu = o+« Natural Conditions - Most Impaired Days

DECIVIEWS
=
w

o +—F/— """ T T T T T T T T T T T T T
O AN MTNONINOAANMNMITINONGNO = NMT IO D
O 000000000 dHoddoadcdddcd A NNNNNNNN
O 0000000000000 0DO0O0O0O0D0DO0OO0O0O00O00 0o
NANANANNNNNNANNNNNNNNNNNNNNNSNNSNNN




Mid-Atlantic/Northeast U.S. Visibility Dat@004-2023 (2"4 RH SIP Metrics)

Figure B-5. Londonderry, NH Individual SpeciesContribution to Annual Haze Index Levels on
20 PercentMost Impaired Visibility Days

Londonderry, NH Regional Haze 20% Most Impaired Days Trends
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Figure B-6. Pack Monadnock Summit, NHIndividual SpecieContribution to Annual Haze Index Levels
on 20PercentMost Impaired Visibility Days

Pack Monadnock Summit, NH Regional Haze 20% Most Impaired Days Trends
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Figure B-7. Mohawk Mt., CT Individual SpeciesContribution to Annual Haze Index Levels on
20 PercentMost Impaired Visibility Days

Mohawk Mt., CT Regional Haze 20% Most Impaired Days Trends
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Figure B-8. Cape Cod, MAIndividual SpecieLContribution to Annual Haze Index Levels on 20Percent
Most Impaired Visibility Days

Cape Cod, MA Regional Haze 20% Most Impaired Days Trends
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Mid-Atlantic/Northeast U.S. Visibility Dat@004-2023 (2"4 RH SIP Metrics)

FigureB-9 . Mar t hao6s INMividualySpeciesContibdion to Annual Haze Index Levels on
20 PercentMost Impaired Visibility Days

Martha's Vineyard, MA Regional Haze 20% Most Impaired Days Trends
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Figure B-10. Frostburg Reservoir, MDIndividual SpecieContribution to Annual Haze Index Levels on
20 PercentMost Impaired Visibility Days
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