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1. INTRODUCTION

The long-term visibility conditions that would ekia absence of human-caused
impairment are referred to aatural backgroundisibility conditions. Accurate
assessment of these conditions is important dileetorole in determining the uniform
rate of progress that states must consider whéngetasonable progress goals for each
mandatory Federal Class | area subject to the Rabidaze Rule. Baseline visibility
conditions — based on monitored visibility durihg ffive year baseline period (2000-
2004) — and estimated natural background visibdagpditions will determine the
uniform rate of progress states will consider whetting reasonable progress goals for
any Class | site.

In September 2001, the U.S. Environmental Proteckigency (EPA) issued draft
methodological guidelines for the calculation ofural background and baseline
visibility conditions as well as methods for trawfiprogress relative to the derived
uniform rate of progress. EPA subsequently finalites draft guidance in September
2003. The final guidance recommends a default noeéimal allows for certain
refinements that states may wish to pursue in dalerake these estimates more
representative of a specific Class | area if gasrly represented by the default method.

In the spring of 2006, the IMPROVE Steering Comedtadopted an alternative
formulation of the reconstructed extinction equatio address certain aspects of the
default calculation method. These aspects werewmelerstood from a scientific
perspective and were felt to improve the perforreasfcthe equation at reproducing
observed visibility at Class | sites. This alteivaformulation of the reconstructed
extinction equation was not adopted as a replacetoghe default method, but as an
alternative to the default method for states an@&#® consider as they proceed with the
regional haze planning process. It seems likelyriast, if not all, RPOs are considering
this alternative formulation as the means by wiingty will calculate baseline conditions,
natural background conditions, and track progressitd the national visibility goals
under the Regional Haze Rule.

In this report, MANE-VU reviews the default andeaitiative approaches to the
calculation of baseline and natural background ttmmd and presents a discussion of the
principle differences between the methods. In &oldithe default and alternative
methods are applied to each Class | area in ortheaVlANE-VU region in order to
establishdifferencesn baseline conditions, natural background coodg#j and 2018
uniform progress goals under each approach.

The prior MANE-VU position on natural backgrounchditions was issued in
June, 2004 and stated that, “Refinements to ords of the default method (e.g.,
refinements to the assumed distribution or treatraéRayleigh extinction, inclusion of
sea salt, and improved assumptions about the chboamposition of the organic
fraction) may be warranted prior to submissionSIéfs depending on the degree to
which scientific consensus is formed around a $ieempproach...” Based upon the
subsequent reviews conducted by the IMPROVE Stg&ommittee, as well as internal
Technical Steering Committee deliberations, MANE-MUow ready to adopt the
alternative reconstructed extinction algorithmtfoe reasons described in this report.
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2. THE DEFAULT METHOD

The default method is explained in detaibstimating Natural Background
Visibility Conditions(U.S.EPA, 2003a) an@uidance for Tracking Progress under the
Regional Haze Rul@J.S. EPA, 2003b). Summary information is providede but the
reader should consult the original guidance docusiem any question on how to apply
this method.

Estimates of natural visibility impairment due boef and coarse particles were
derived using the 1990 National Acid Precipitathssessment Program reported average
ambient concentrations of naturally present pasi€Trijonis, 1990). Separate
concentration values were given for the easternnaglern United States; no finer
spatial resolution is available. Average naturalkigaound light extinction due to
particles was then calculated using the IMPROVEhm@blogy and site specific
ANNUAL f(RH) values. Worst visibility levels are deed using the work of Ames and
Malm (2001), who estimated the standard deviatfonability in deciviews in the
eastern U.S. as 3 dv. By assuming a roughly nodmséibution of data, the default
method adds (subtracts) 1.28*(3 dv) to the aveesgienated natural background to
calculate the 90(10™) percentile level, which is taken by EPA to beresgntative of the
mean of the 20 percent worst (best) conditions.

In the East, the default method for calculating la@sl worst natural background
visibility conditions (in dv) for any area in thagtern U.S. uses the following formulae:

P90 = HI +1.28 sd
P10 =HI -1.28 sd

P90 and P10 represent thé"athd 18 percentile, respectively, the Haze Index
(HI) represents annual average visibility in uitsleciview, and sd is the standard
deviation of daily average visibility values thrdwgit a year, defined by the guidance as
3.0 for the eastern U.S. The Haze Index is caledlas shown:

HI =10 In (bext/10)

The atmospheric extinction, bext, is given by thmifiar IMPROVE equation
(IMPROVE, 2000) in inverse megameters:

bext = (3)f(RH)[sulfate] + (3)f(RH)[nitrate] + (AUMC] + (10)[LAC]
+(1)[SOIL] + (0.6)[CM] + 10

Table 2-1 below provides the default values tofiggiad at all eastern U.S. Class
| areas. The result of using these default valuéise above equation with an assumed
annual average f(RH) value of 3.17 in the nortrerast).S. (the average of 11
northeastern U.S. sites) is approximately 3.6 dthen20 percent best days and 11.3 dv
on the 20 percent worst days.
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The methods for calculating baseline conditionsh@n20 percent best or worst
days start by repeating the calculation of the Hadex (HI) as shown above with the
individual species mass concentrations replacetidéwactual monitored values for each
day during the baseline period. These values sHmikbrted from highest to lowest for
each year in the baseline period. Averages (irffahgach year can be calculated for Hl
values associated with the 20 percent most impaineld20 percent least impaired days.
The average HI values for the 20 percent most iredaand 20 percent least impaired
days in each year should then be averaged foitbednsecutive years 2000-2004 to
define baseline conditions. One important distorctoetween the natural conditions and
baseline HI calculations is that the f(RH) valukswen in Table 2-2 for natural
conditions estimates are annual averages. EPAl$@agstimated site-specific

Table 2-1. Default parameters used in calculating
natural background visibility for sitesin the eastern U.S.

Parameter Value Fractional Reference/Comments
Uncertainty

[SULFATE] 0.23 pg/m 200% Trijonis, 1990

[NITRATE] 0.10 pg/m 200% Trijonis, 1990

[OC] 1.0 pg/m 200% Trijonis, 1990

[LAC] 0.02 pg/n? 250% Trijonis, 1990

[SOIL] 0.50 pg/ni 200% Trijonis, 1990

[CM] 3.0 pg/n? 200% Trijonis, 1990

f(RH) ~3.2 15% Varies by site (see Table 2-2

Organic multiplier 1.4 50% [OMC]=1.4*[OC]

Os/N 3.0 nflg 33% Hegg, 1997; IMPROVE, 2000;

Malm, 2000

Goc 4.0 nflg 30% Hegg 1997; Trijonis 1990

Gec 10.0 nf/g 40% Malm, 1996

Osol 1.0 nf/g 25% Trijonis, 1990

Geoarse 0.6 nf/g 33% IMPROVE, 2000

Rayleigh 10 Mrit 20 % Varies with altitude/season

sd (standard deviation 3.0dv 16% Ames and Malm, 2001

of daily visibility)

10", 90" percentile 1.28 15% Regulation calls for mean of top

adjustment twenty percent, not 90percentile

Parametersused in

potential refinements

[NaCl] ~0.5 50% Varies by site, IMPROVE

ONac 2.5 nfls 16% Haywood, 1999

f(RH)nac ~3.2 33% Assumed same as S, N

Note: The mass estimates presented above are basstimates of fine particulate concentrations waaild exist in
absence of any manmade pollution (including Mexiaad Canadian emissions) consistent with planréggirements of
the Regional Haze Rule. MANE-VU accepts this aappropriate planning goal and intends to congiaeicontribution
of internationakransport in deciding what controls are “reasoriaibteler the regional haze program.
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climatological mean monthly average values of f(Ri#t are provided in an appendix to
its guidance (EPA, 2003b) and used for the indiziddi calculations for baseline
conditions.

2.1. Application of the Default M ethods

The Class | areas in the MANE-VU region that argject to the requirements of
the Regional Haze Rule are: Acadia National Parkinkt Brigantine Wilderness (within
the Edwin B. Forsythe National Wildlife Refuge), Wdersey; Great Gulf Wilderness,
New Hampshire; Lye Brook Wilderness, Vermont; Mdom@ Wilderness (within the
Moosehorn National Wildlife Refuge), Maine; Presitial Range — Dry River
Wilderness, New Hampshire; and Roosevelt Campohatiésnational Park, New
Brunswick. In addition to these Class | areas, wesler several nearby Class | areas
where MANE-VU states may be contributing to vistigiimpairment. These Class |
areas include: Dolly Sods Wilderness and the @teek Wilderness in West Virginia as
well as Shenandoah National Park and the James Raoe Wilderness in Virginia.
MANE-VU understands that it is the responsibilifyttoe appropriate VISTAS states to
establish estimates of natural visibility condiscnd reasonable progress goals for these
areas. It is anticipated, however, that subseqeeargultations will occur with those
MANE-VU states that may be affecting visibility ihese areas. MANE-VU has
therefore calculated estimates of natural backgtasibility conditions at the nearby
sites using MANE-VU approved methods in order tlii@te future consultations.

The only factor in the default method that varigsibe is the climatological
annual mean relative humidity adjustment factobl&&-2 lists this value for the Class |
sites of interest and the resulting best 20 peraedtworst 20 percent estimates of natural
visibility conditions. The variation among sitesngsthe default method is purely a
function of differences in climatological annualanerelative humidity, with southern
and coastal sites being more humid than inlandemaged sites.
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Table 2-2. Site-specific relative humidity adjustment factors, best and wor st
(default) estimates of natural background visibility conditions.

Best Wor st
f(RH) Visibility Visibility

MANE-VU Mandatory Federal Class| Area (dv) (dv)
Maine
Acadia National Park 3.34 3.77 11.45
Moosehorn Wilderness 3.15 3.68 11.36
Roosevelt Campobello International Park, New 3.16 3.68 11.37
Brunswick
New Hampshire
Great Gulf Wilderness 3.01 3.63 11.30
Presidential Range — Dry River Wilderness 3.02 3.65 11.30
New Jer sey
Brigantine Wilderness 2.97 3.60 11.28
Vermont
Lye Brook Wilderness 291 3.57 11.25

Nearby Mandatory Federal Class| Area

Virginia
James River Face Wilderness 2.93 3.56 11.26
Shenandoah National Park 2.95 3.57 11.27
West Virginia
Dolly Sods Wilderness 3.06 3.64 11.32

Otter Creek Wilderness 3.06 3.65 11.32
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Table 2-3. Site-specific best and wor st (default) estimates of
baseline visibility conditions (2000-2004).

MANE-VU Mandatory Federal Class| Area Best Wor st
Visbility Visibility
(dv) (dv)

Maine

Acadia National Park 8.06 22.34

Moosehorn Wilderness 8.48 21.18

Roosevelt Campobello International Park, New  8.48 21.18
Brunswick
New Hampshire

Great Gulf Wilderness 7.50 22.25

Presidential Range — Dry River Wilderness 7.50 22.25
New Jer sey

Brigantine Wilderness 13.72 27.60
Vermont

Lye Brook Wilderness 6.20 23.70

Nearby Mandatory Federal Class| Area

Virginia
James River Face Wilderness 14.35 27.72
Shenandoah National Park 11.34 27.88
West Virginia
Dolly Sods Wilderness 12.70 27.64
Otter Creek Wilderness 12.70 27.64

3. THEALTERNATIVE METHOD

According to EPA guidance, “[T]he default appro&stestimating natural
visibility conditions presented in this documenadequate for the development of
progress goals for the first implementation peroder the regional haze rule” (U.S.
EPA, 2003a). However, the guidance does leavedbeapen for individual states or
RPOs to adopt their own methods for calculatingirstbackground (or baseline
conditions) if they can demonstrate that the chdragga the default represents a
significant refinement that better characterizasinaé visibility (or baseline) conditions
at a specific Class | site.
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In response to a number of concerns raised wittetdo the use of the default
methods for Regional Haze Rule compliance (Lowdrghd Kumar, 2003; Ryan et al.,
2005), the IMPROVE Steering Committee establishedl@ommittee to review the
default approach and recommend refinements to asldréicisms and improve the
performance for tracking progress under the HaZe.Rine details presented below
come from that subcommittee’s summary report arevigw of potential refinements by
Hand and Malm (2005).

The recommended revised algorithm is shown in thuaton below with revised
terms in bold font. The total sulfate, nitrate, amganic carbon compound concentrations
are each split into two fractions, representinglsaral large size distributions of those
components. Although not explicitly shown in theiation, the organic mass
concentration used in this new algorithm is 1.88rthe organic carbon mass
concentration, which is changed from 1.4 timescidmdon mass concentration as used for
input in the current IMPROVE algorithm. New ternme/b been added for sea salt
(important for coastal locations) and for absomptay NG (only used where N{data
are available). Site-specific Rayleigh scatterggalculated for the elevation and annual
average temperature of each of the IMPROVE momigpsites.

Bext~ 2.2 x §(RH) x [Small Sulfate] + 4.8 x {RH) x [Large Sulfate] +
2.4 x §(RH) x [Small Nitrate] + 5.1 x,{RH) x [Large Nitrate] +
2.8 x [Small Organic Mass] + 6.1 x [Large Orgakiass] +
10 x [Elemental Carbon Mass] + 1 x [Fine Soil Maiss
1.7 x & RH) x [Sea Salt Mass] + 0.6 x [Coarse Mass] +
Rayleigh Scattering (site specific) + 0.33 x [N@pb)]

The apportionment of the total concentration dfede compounds into the
concentrations of the small and large size frastisraccomplished using the following
equations.

otal Sulfa

2000/ 17 tq x[Total Sulfatd, for [Total Sulfatd < 20ug/m?

[Large Sulfatd = "

[Large Sultate]: [Total Sulfate] for [Total Sulfate]z 20ug I m®

[Small Sulfate} = [Total Sulfate}— [Large Sulfate]

The same equations are used to apportion totalt@iémd total organic mass
concentrations into the small and large size foasti

Sea salt is calculated as 1.8Chjoridg], or 1.8 x [Chloring] if the chloride
measurement is below detection limits, missingnwealid. The algorithm uses three
water growth adjustment terms as shown in FiguteaBd Table 3-1. They are for use
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with the small size distribution and the large sisdribution sulfate and nitrate
compounds and for sea sdf{RH), { (RH), andfs{RH), respectively).

Figure 3-1. Water growth curvesfor small and large size distribution sulfate and
nitrate, sea salt, and the original IMPROVE algorithm sulfate and nitrate.

Water Growth Curves

10

—— fS(RH)

T —=— fL(RH)
%’ —a— Original
fSS(RH)

(0] \ \ \ \ \ \ \ \ \
0 10 20 30 40 50 60 70 80 90 100

Relative Humidity (%)

Table 3-1. f(RH) for small and large size distribution sulfate and nitrate, and

sea salt.
RH (%) fgRH) f (RH) fs(RH) RH (%) fsRH) f(RH) fss(RH) RH (%) fgRH) f.(RH) fss(RH)
0to 36 1.00 1.00 1.00 56 1.78 1.61 2.58 76 2.60 2.18 3.35
37 1.38 1.31 1.00 57 1.81 1.63 2.59 77 2.67 2.22 3.42
38 1.40 1.32 1.00 58 1.83 1.65 2.62 78 2.75 2.27 3.52
39 1.42 1.34 1.00 59 1.86 1.67 2.66 79 2.84 2.33 3.57
40 1.44 1.35 1.00 60 1.89 1.69 2.69 80 2.93 2.39 3.63
41 1.46 1.36 1.00 61 1.92 1.71 2.73 81 3.03 2.45 3.69
42 1.48 1.38 1.00 62 1.95 1.73 2.78 82 3.15 2.52 3.81
43 1.49 1.39 1.00 63 1.99 1.75 2.83 83 3.27 2.60 3.95
44 1.51 1.41 1.00 64 2.02 1.78 2.83 84 3.42 2.69 4.04
45 1.53 1.42 1.00 65 2.06 1.80 2.86 85 3.58 2.79 4.11
46 1.55 1.44 1.00 66 2.09 1.83 2.89 86 3.76 2.90 4.28
47 1.57 1.45 2.36 67 2.13 1.86 2.91 87 3.98 3.02 4.49
48 1.59 1.47 2.38 68 2.17 1.89 2.95 88 4.23 3.16 4.61
49 1.62 1.49 2.42 69 2.22 1.92 3.01 89 4.53 3.33 4.86
50 1.64 1.50 2.45 70 2.26 1.95 3.05 90 4.90 3.53 5.12
51 1.66 1.52 2.48 71 2.31 1.98 3.13 91 5.35 3.77 5.38
52 1.68 1.54 2.50 72 2.36 2.01 3.17 92 5.93 4.06 5.75
53 1.71 1.55 2.51 73 2.41 2.05 3.21 93 6.71 4.43 6.17
54 1.73 1.57 2.53 74 2.47 2.09 3.25 94 7.78 4.92 6.72

55 1.76 1.59 2.56 75 2.54 2.13 3.27 95 9.34 5.57 7.35
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The proposed new algorithm for estimating haze cedihe biases compared to
measurements at the high and low extremes. Thi®#& apparent for the hazier eastern
sites. The composition of days selected as beswvanst by the current and the new
algorithm are very similar, and similar to dayss#&td by measurements. Most of the
reduction of bias associated with the new algorithiattributed to the use of the split
component extinction efficiency method for sulfatigate, and organic components that
permitted variable extinction efficiency dependormgthe component mass concentration.
Although not subject to explicit performance tegtithe proposed new algorithm also
contains specific changes from the current algorithat reflect a better understanding of
the atmosphere as reflected in the more recenitfaditerature (e.g., change to 1.8
from 1.4 for organic compound mass to carbon matss)rand a more complete
accounting for contributors to haze (e.g., seassatNQ terms), and use of site specific
Rayleigh scattering terms to reduce elevation-eelias.

Unlike the default approach, which directly uses Thijonis natural species
concentration estimates to calculate natural hezeld, the Alternative Approach uses
the baseline data (current species concentratwitis)a multiplier applied to each species
measurement in order to give the Trijonis estiniatehat species. The ratio of the
Trijonis estimates for each species divided byaeual mean values for the species is
used to transform the entire data set to whates #ssumed to be the natural species
concentration levels for that site and year. Tiheeess is applied to each of the complete
years of data (as defined by the Eff&cking progresguidance) in the baseline period
(2000 through 2004). Sites with three complete yeadata are treated as having
sufficient data for this assessment. If any ofdberent annual means for any species is
less than the Trijonis estimate for that spectes unadjusted species data are used.
Trijonis estimates did not include sea salt, whecbnly significant at a few coastal sites.
Estimates of current sea salt concentrations datedirom Clion data (described as
part of the new IMPROVE algorithm) are taken tanla¢éural contributors to haze.

3.1. Application of the Alternative M ethod

Here we present a comparison of the backgroundhanaal visibility conditions
calculated using the default and the alternativéhods (see Table 3-2 and Table 3-3).
Corresponding visibility improvement targets forl8Qusing each approach are also
presented (see Table 3-3). Results suggest thattdreative approach leads to very
similar uniform rates of progress in New Englanthvalightly greater visibility
improvement required in the Mid-Atlantic regionatle to the default approach.
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Table 3-2. Comparison of default and alter native approachesfor estimating the 20 per cent
wor st natural background visibility conditionsat MANE-VU and near by sites (2000-2004).

MANE-VU Mandatory Default | Alternative | Default | Alternative
Federal Class| Area Baseline| Basdline | Natural Natural
dv dv dv dv
Maine
Acadia National Park 22.34 22.89 11.45 12.43
Moosehorn Wilderness 21.18 21.72 11.36 12.01
Roosevelt Campobello 21.18 21.72 11.37 12.01
International Park, New
Brunswick
New Hampshire
Great Gulf Wilderness 22.25 22.82 11.30 11.99
Presidential Range — Dry 22.25 22.82 11.30 11.99
River Wilderness
New Jersey
Brigantine Wilderness 27.60 29.01 11.28 12.24
Vermont
Lye Brook Wilderness 23.70 24.45 11.26 11.73
Nearby Mandatory Federal
Class| Areas
Virginia
James River Face Wilderness27.72 29.12 11.26 11.13
Shenandoah National Park 27.8 29.31 11.p7 11.3
West Virginia
Dolly Sods Wilderness 27.64 29.04 11.32 10.39
Otter Creek Wilderness 27.64 29.04 11.32 10.3¢
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Table 3-3. Estimated uniform rates of progress (ROP) (to be considered for wor st 20 per cent
days) and Best Day Baseline Conditions (not to be degraded on best 20 per cent days) for first

implementation period.

MANE-VU Mandatory Federal Class| Default Alternative Default Alternative
Area ROP ROP B.a_sel_i_ne B.a_sel_i_ne
Worst day Worst day Visibility Visibility
(dv/14 yrs) (dv/14 yrs) | Best Day (dv)| Best Day (dv)
Maine
Acadia National Park 2 54 2 44 8.06 8.77
Moosehorn Wilderness 2.29 227 8.48 9.15
Roosevelt Campobello
International Park, New 2.29 227 8.48 9.15
Brunswick
New Hampshire
Great Gulf Wilderness 256 253 750 7.66
Presidential Range — Dry River
Wildernes§ 2.56 2.53 7.50 7.66
New Jer sey
Brigantine Wilderness 3.81 3.91 13.72 14.33
Vermont
Lye Brook Wilderness 291 297 6.20 6.36
Nearby Mandatory Federal Class| Area
Virginia
James River Face Wildernéss 3.84 4.20 14.35 14.21
Shenandoah National Park 388 4.19 11.34 10.93
West Virginia
Dolly Sods Wilderness 3.81 4.35 12.70 12.28
Otter Creek Wilderness 3.81 4.35 12.70 12.28

Note: The values are presented for the defadtalternative approaches at MANE-VU and neaitieg $2000-2004).
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The default estimates provide a sound, nationasistent framework on which
to base the regulatory structure of the Haze Rhdeis justified by the current state of
scientific understanding of these issues. Howeaeglternative approach for the
calculation of reconstructed extinction under tlegiRnal Haze Rule has been developed
that provides all of the same advantages. EPA resamdations on potential refinements
to the default approach (Pitchford, personal comoation, 2004) suggest that, if used,
any refinements should be broadly accepted bydiemtsfic community, substantial,
practical to implement, and not create arbitrappimsistencies. The alternative approach
endorsed by the IMPROVE Steering Committee for ln@s@and natural background
conditions meet these requirements.

4. RECOMMENDATIONS

This document reviews EPA guidelines and an IMPRC®#&ering Committee-
endorsed alternative for calculating baseline atdnal background visibility conditions
under the Regional Haze Rule. It also explores &doption of the alternative approach
would affect calculated rates of progress and atbgulatory drivers under the Haze
Rule.

The alternative approach attempts to incorporatieibscience for several
components of the equation to calculate recongtduektinction that reflects the latest
scientific research. MANE-VU recognizes the timel &ffort that has been invested in
the development of this alternative. We also recgthe high likelihood that other
RPOs will adopt and use the alternative approadhcansider it desirable to use a
similar approach to other RPOs with which MANE-VUlwonsult on visibility goals.
Given the large uncertainties that remain in oulitgho estimate the concentrations of
organic carbon and other species that would beepteés the absence of anthropogenic
influences, we are not certain that the alternaiweroach significantly improves the
overall accuracy of the estimated natural backgiaronditions, but it certainly does not
diminish the accuracy and is likely to improve estimates of baseline conditions.

Finally, MANE-VU has considered the fact that theform rate of progress that
results from these calculations is a relativelyiteaby baseline against which progress is
measured. This Haze Rule requires states to camiis uniform rate, but control
decisions are to be based on a four-factor analyatss independent of the uniform rate
of progress. The relatively small differences ia timiform rate that are introduced as a
result of using the alternative approach furthemidish the significance of this decision.
Based on all of the considerations above, MANE-¥dommends adoption of the
alternative approach for use in 2008 MANE-VU SIBmittals, active participation in
further research efforts on this topic, and fut@eonsideration of natural background
visibility conditions as evolving scientific undéading warrants.
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