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Abbreviations and Acronyms

b,
CAA —Clean Air Act

CAAA —1990 Clean Air Act Amendments
CASTNet - Clean Air Status and Trends Network

- Total light extinction

CM - Coarse mass

EC - Elemental carbon (also referredto as LAC or light absorbing carbon)
EPA — United States Environmental Protection Agency

f(RH) — Relative humidity adjustment factor

IMPROVE - Interagency Monitoring of PROtected Visual Environments
LAC - Light absorbing carbon (also referred to as EC or elemental carbon)
Mm™ - Inverse megameter (10° m'?)

NAAQS — National Ambient Air Quality Standards

NWS - National Weather Service

OC - Organic carbon

OMC - Organic carbon mass

OP - Pyrolized organics

PM - Particul ate matter

PM, ; — Particulate matter with an aerodynamic diameter less than 2.5 microns
PM,, — Particulate matter with an aerodynamic diameter less than 10 microns
RH - Relative humidity

SIP — State Implementation Plan

TOR - Thermal optical reflectance
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Glossary of Terms

Aerosols — Tiny liquid and/or solid paticles dispersad in the air.

Coarse mass — Mass of particulate matter with an aerodynamic diameter greater than 2.5 microns but

less than 10 microns.

Crustal material — Solid particulate matter represented by the sum of the soil mass and coarse mass.

Deciview haze index (dv) — A measure of visibility derived from calculated light extinction
measurements so that uniform changes in haziness correspond to uniform inaemental changesin
visual perception across the entire range of conditions, from pristine to highly impaired. The
deciview haze index is calaulated directly from the total light extinction (b, expressed in

inverse megameters [Mm™]):

dv=10In (b, /10 Mm")

Default approach - The basic goproach recommended by EPA to estimate the natural visibility
conditions. Sates are welcame to adopt the default values for natural visibility conditions or,
with sufficient technical justification, to prapose alternatives to the basic approach or to generate
refined estimates. In the absence of any refinement, EPA recommends that the default values
that are provided in this document be adopted.

Default values - the values obtained fram adopting the default approach to estimating natural visibility

conditions.

Elemental carbon — Often referred to as soot or light-absorbing carbon. Ambient elemental carbon
measurements represent the carbon tha was not converted to carbon dioxide ar carbon monoxide

during compl ete combustion processes.
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Fine particulate matter — particulate matter with an aerodynamic diameter less than 2.5 microns
(PM,).

Least-impaired days — Data representing a subset of the annual measurements that correspond tothe
clearest, or least hazy, days.

Light extinction — A measure of how much light is absorbed or scattered as it passes through a medium,
such as the atmosphere. The aerosol light extinction coefficient refers to the absorption and
scattering by aerosols, and the total light extinction coefficient refers to the sum of theaerosol
light extinction coefficient, the absorption coefficient of gases (such as NO,), and the

atmospheric light extinction coefficient due to moleaular light scatering (Rayleigh scattering).

Mandatory Federal Class I area — Certain national parks (over 6,000 acres), wilderness areas (over
5,000 acres), national memorial parks (over 5,000 acres), and international parks that werein

existence as of August 1977. Appendix A lists the mandatory Federd Class| areas.

Most impaired — Data representing a subset of the annual measurements that correspond to the drtiest,

or haziest, days.

Nitrate — Solid or liquid particulate matter containing anmonium nitrate [NH,NO;] or other nitrate salts.
Atmospheric nitrate aerosols are often formed from the atmospheric oxidation of oxides of

nitrogen (NO,) and are generally less than 2.5 micrans in aerodynamic diameter.

Organic carbon — Aerosols composed of organic compounds, which may result from emissions from

incomplete combustion processes, lvent evaporation followed by atmospheric condensation, or

the oxidation of some vegetative emissions.

Particulate matter — Any substance, except pure water, that exists as aliquid or solid in the atmosphere

under normal conditions and has an aerodynamic diameter less than 10 microns (in the context of

this report).
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Rayleigh scattering — Light scattering by gases in the atmosphere. At an elevation of 1.8 kilometers, the

light extinction from Rayleigh scattering is approximately 10inverse megameters (Mm™).

Relative humidity — The partial pressure of water vapor at the existing atmospheric temperature divided
by the vapor pressure of water at that temperature, expressed as a percentage.

Soil — Particul ate matter composed of meterial from the earth’s crust, with an aerodynamic diameter less
than 2.5 microns. The soil massis calculated from chemical mass measurements of aluminum,

silicon, calcium, iron, and titanium as well as their associated oxides.

Sulfate — Solid or liquid particulate matter composed of sulfuric acid [H,SO,], ammonium bisulfate
[NH,HSQ,], or ammonium sulfate [(NH,),SO,], or other sulfate salts. Atmospheric sufate
aerosols are often formed from the amospheric oxidation of sulfur dioxide and are generally less

than 2.5 micons in aerodynamic diameter.
Total carbon — Sum of the elemental carbonand organic carbon.
Visibility impairment — Any humanly perceptible change in visibility conditions (eg., light extinction,

visual range, deciview, contrast, coloration) from that which would have existed under natural

conditions.
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1. INTRODUCTION

1.1 What is regional haze?

Regional haze is visibility impairment caused by the cumulative air pollutant emissions
from numerous sources over awide geographic area. Visibility impairment is caused by particles
and gases in the atmosphere. Some particles and gases scatter light while others absorb light.
The net effect is called “light extinction.” The reault of the scattering and absorption processesis
areduction of the amount of light from a scene that is returned to the observer, and scattering of
other light into the sight path, creating a hazy condition.

The primary cause of regional haze in many parts of the country islight scattering
resulting from fine particles (i.e., particulate matter less than 2.5 micronsin diameter, referred to
as PM,.) in the atmosphere. These fine particles can contain a variety of chemical species
including carbonaceous species (i.e., organics, and elementa carbon), as well as ammonium
nitrate, sulfates, and soil. Additionally, coarse particles between 2.5 and 10 micronsin diameter
can contribute to light extinction. Each of these components can be naturally occurring or the
result of human adivity. The naural levels of these species result in some level of vighility
impairment, in the asence of any human influences and will vary with season, daily

meteorology, and geography.
1.2 What is meant by the term “natural visibility conditions?”
The term “natural visibility conditions” represents the utimate goal of theregiond haze

program, consistent with the national visibility goal set forth insection 169A of the Clean Air

Act. The national visibility goal isto remedy existing and prevent future human-caused
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impairment of visibility in mandatory Federal Class | areas. Regional haze strategies are to make
reasonabl e progress towards this goal.

Natural visibility conditions represent the long-term degree of visibility that is estimated
to existin agiven mandatory Federal Class| areain the absence of human-caused impa rment. It
is recognized tha natural visibility conditions are not constant, but rather they vary with
changing natural processes (e.g. windblown dust, fire, volcanic activity, biogenic emissions).
Specific naturd events can leadto high short-term concentrationsof particulate mater and its
precursors. However, for the purposeof this guidance and implementation of the regional haze
program, natural visibility conditions represents along-term average condition analogous to the

five-year average best and worst day conditions that are tracked under the regional haze program.

1.3 What is the purpose of the Guidance for Estimating Natural Visibility Conditions
Under the Regional Haze Rule?

The purpose of this document is to provide guidance to the States in implementing the
regiona haze program under the Clean Air Act. The regional haze regulations were devel oped
by EPA in 1999." They are designed to protect visual air quality in 156 national parks and
wilderness areas (known as “mandatory Federal Class | areas’) across the country. As part of
the program, States will develop goals and implement strategies for improving visibility in each
mandatory Federal Class| area. Estimates of natural visibility conditions are needed by the

States for the goal development process. This guidance document describes “default”? and

'64 Federal Register 35769, July 1, 1999.

2 In the context of this guidance, the term "default" refers to the basic approach
recommended by EPA to estimate the natural visibility conditions, and the values obtained from
adopting this approach. States are welcome to adopt the default values for natural visibility
conditions or, with sufficient technical justification, to propose alternatives to the basic approach
or to generate refined estimates. 1n the absence of any refinement, EPA recommends that the
default values that are provided in this document be adopted.
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“refined” approaches for estimating natural conditions. EPA believes that natural conditions
estimates developed using the default approach will be adequate to satisfy the requirements of the
regional haze rulefor theinitial SIP submittals due no later than 2008.

This document provides guidance to EPA Regional, State, and Tribal air quality
management authorities and the general public, onhow EPA intendsto exerciseitsdiscretionin
implementing Clean Air Act provisions and EPA regulations, concerning the estimation of
natural visibility under the Regional Haze program. The guidance is designed to implement
national policy on theseissues. Sections 169A and 169B of the Clean Air Act (42 U.S.C. 88
7491, 7492) and implementing regulations at 40 CFR 51.308 and 51.309 contain legally binding
requirements. This document does nat substitute for those provisions or regulations, nor isit a
regulation itself. Thus, it does not impose binding, enforceable requirements on any party, and
may not apply to a particular situation based upon the drcumstances. EPA and State decision
makers retain the discretion to adopt approaches on acase-by-case basis that differ from this
guidance where appropriate. Any dedsions by EPA regarding a particular State implementation
plan (SIP) demonstration will only be made based on the statute and regulations. Therefore,
interested parties are free to raise questions and objections about the appropriateness of the
application of this guidance to a particular situation; EPA will, and States should, consider
whether or not therecommendationsin this guidance are appropriatein that situation. This
guidance is aliving document and may be revised periodically without public notice. EPA
welcomes public comments on this document at any time and will conside those commentsin

any future revision of this guidance document.

1.4  Does this guidance document apply to Tribal class I areas as well as mandatory

Federal Class I areas?

Not directly, although the procedures for estimating naturd conditions that are described
in this guidance can be used by Tribes if desired. The CAA and theregional haze rule call for
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the protection of visibility in 156 “mandatory Federd Class| areas.”® Tribes can establish class |
areas for the purposes of the prevention of significant deterioration program, but the CAA does
not provide for the inclusion of Tribal areas as mandatory Federal class | areas subject to section
169A and 169B of the CAA. For thisreason, progress goals and natural conditions estimates do
not have to be established for Tribal class| aress.

However, Tribes may find it advantageous for a number of reasons to participatein
regional planning organizations (RPO) for regional haze and to develop regonal haze tribal
implementation plans (TIPs). Participation in an RPO may allow some Tribes to build capecity
and enhance their air quality management cgoabilities. Under the Tribal Air Rule, Tribal
governments may elect to implement air programs in much the same way as states, including
development of Tribal implementationplans.” In thisway, Tribes can work with other States and
Tribes on the devd opment and adoption of specific emissions reduction strategies designed to

protect air quality across abroad region including Tribal and State lands.

L5 What is the statutory and regulatory background for the regional haze program?

In section 169A of the 1977 Amendments of the Clean Air Act, Congress established a
national visibility goal asthe “prevention of any future, and the remedying of any existing,

impairment of visibility in mandatory Federal Class | areas which impairment results from

% Areas designaed as Class | areas are those national parks exceeding 6,000 acres,
wilderness areas and national memorial parks exceeding 5,000 areas, and all international parks
which were in existence on August 7, 1977. Visibility has been identified as an important value
in 156 of these areas. See 40 CFR part 81, subpart D. The extent of aClass | areaincludes
subsequent changes in boundaries, such as park expansions. (CAA section 162(a)). States and
tribes may designate additional areas as Class I, but the requirements of the visibility program
under section 169A of the CAA apply only to "Class | areas,” and do not affect these additional
areas. For the purpose of this guidance document, the term “Class | aea” will be used to mean
“mandatory Federal Class| aea.”

* See 63 Federal Register 7254 (February 12, 1998), and 40 CFR Part 49.
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manmade air pollution.” States are required to develop implementation plans that make
“reasonable progress’ toward this goal.

EPA issued initial visibility regulations in 1980° that addressed visibility impairment in a
specific mandatory Federal Class | areathat is determined to be “reasonably attributable” to a
single source or small group of sources. Reguldions to address regional haze were deferred until
improved techniques could be developed in monitoring, modeling, and in understanding the
effects of spedfic pollutants on visibility impairment. The 1990 Clean Air Amendments
included 169B to focus attention on regional haze issues. It called for EPA to establish the
Grand Canyon Visibility Transport Commission, and to issue regional haze rules within 18
months of receipt of afinal report from the Commission. EPA issued regional haze regulations
in 1999.°

Asnoted in question 1.2 above, we need to estimate the national visibility goal of the
Clean Air Act, or “natural visibility conditions,” as part of the implementation process for the

regional haze program.

1.6 What visibility metric will be used for estimating natural conditions, setting goals, and

tracking progress?

Baseline visibility conditions, progress goals, and changes in visibility must be expressed
in terms of deciviews. The deciview is ahaze index derived from calculated light extinction,
such that uniform changes in haziness correspond to uniform incremental changesin perception
across the entire range of conditions, from pristine to highly impaired. Thedeciview is expressed

by the following formula:

® See 45 Federal Register 80084 (December 2, 1980).

5 See 64 Federal Register 35713 (July 1, 1999). See also 40 CFR 51.300-309.
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dv=101n(b,/10)

where b,,, represents totd light extinction expressed in inverse megameters.

1.7 What are the key requirements and milestones for State implementation plans,
pertaining to the estimation of natural visibility conditions under the regional haze
rule?

The overall framework of the regional haze rule requires States to develop SIPs that
include 1) reasonable progress goals for improving visibility in each mandatory Federd Class|
area, and 2) set of emission reduction measures to meet these goals. A State that does not have
any Class | areas will not establish any progress goalsinits SIP, but it is required to consult with
nearby staes having Class | areas that may be impacted by emissions from the State. A State
without any Class | areaswill also need to adopt emission redudion strategies to address its
contribution to visibility impairment problemsin Class | areas located in other States.

Specifically, a State is required to set progress goals for each Class | areain the State that:

. provide for an improvement in visibility for the 20% most impaired (i .e., worst

visibility) days over the period of the implementation plan, and

. ensure no degradation in vigbility for the 20% least impaired (i .e., best vis bility)

days over the same period.

Baseline visibility conditions for the 20% worst and 20% best days are to be determined using

monitoring data collected during calendar years 2000-2004. Baseline conditions for 2000-2004,

progress goals, and tracking changes over time areto be expressed in terms of the deciview

index.’

" The deciview is a haze index derived from calculated light extinction, such that uniform
changes in haziness correspond to uniform incremental changesin visual perception across the
entire range of conditions, from pristine to highly impaired. Deciview =101n(b,,, / 10).

ext
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Most States (and Tribes as appropria€®) participating in regiona planning organizations
will submit regional haze implementation plans, including estimates of natural conditions and
proposed progress goals, in the 2008 time frame. The regional haze SIP deadlines are linked to
the dates when PM, . designations are finalized. For states that choose to participate in aregional
planning organization, the initial (committal) SIP isdue within one year of the PM,, . designation
and the full control strategy SIP is due within three years of the PM,, . designation, but not |ater
than December 31, 2008. For states that choose not to participate in aregional planning
organization, regional haze SIPs are due within one year of the PM, . designation (for geographic
areas designated as attainment or unclassifiable) and within threeyears of the PM,, . designation
(for geographic areas designated as nonattainment), which is the same time that control strategies
to attain the PM, . standard are due. 1n developing any progress goal, the State will need to
analyze and consider in its set of options the rate of improvement between 2004 (when 2000-
2004 baseline conditions are set) and 2018 that, if maintained in subsequent implementation
periods, would result in achieving estimated natural conditionsin 2064. Inthe examplein Figure
1-1, baseline conditions for the 20% worst days exceed estimated natural conditions by 18
deciviews. The rate the State must analyze and consider for the 2018 progress goal is equal to 18
divided by 60 years = 0.3 deciviews per year x 14 years (2004 to 2018) = 4.2 deciviews. The
state must demonstrate in the SIP whether it finds that this rate is reasonable or not, taking into
consideration the relevant statutory factors. If it finds that thisfirst rate is not reasonable, the
State shall include a demonstration supporting its finding that an alternate rate is reasonable.

In order to determine the 2004-2018 progress rate for this analysis, the State should
calculate basdine conditions in accordance with EPA guidance ontracking progress, and use this

guidance document for estimating natural conditions.

8 Under the Tribal Air Rule (63 FR 7254; February 12, 1998; 40 CFR part 49), Tribal
governments may elect to implement air programs in much the same way as states, including
development of Tribal implementation plans.

1-7



Draft Guidance for Estimating Natural Visibility Conditions September 27, 2001
Under the Regional Haze Program

Rate To Achieve Natural Conditions in 60 Years
Exampie
Baseline 20 |

Eequired Analysis for
1st Implem entation
(Wisihility impairment Period =42 deciviews
on 20% worst days, ®

in deciviews)

Estimated 11 |
Natural

TMtmate CAL zoal

2000-4 2013 2064

Year

Figure 1-1. Method for determining Mandatory Federal Class I area
rate of progress to be analyzed in SIP development process.

1.8 What other factors should be considered in developing progress goals?

Other important issues to be considered in devel oping mandatory Federal Class| area
progress goals include the reasonable progress factorsin the CAA, consultation with Tribes and
other States, and emission reductions due to other Clean Air Act programs The reasonable

progress factors’ to consider in deve oping any progress god are:

. the costs of compliance;
. the time necessary for compliance;
? See CAA section 169A(Q).
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. the energy and non-air quality environmental impacts of compliance; and

. the remaining useful life of any existing source subject to such regurements.

EPA plansto develop additiona guidance on how to address these factors in the goal setting
process.

Because visibility impairment results from human activities and their emissions
transported over long distances - hundreds of milesin many cases - addressing impairment can
be effective only through efforts among multiple States. For this reason, States are required to
consult with other States (and Tribes as appropriate) in devel oping mandatory Federal Class |
area progress goals and long-term strategies to meet these goals. If a State is reasonably
anticipated to cause or contribute to impairment in a mandatory Federd Class | areain another
State, it isrequired to consult with that State on the development of that State’s progress gods,
and it must include strategiesin its SIP that address its contribution to the haze in that State’s
mandatory Federal Class | area. Emissions reductions from other States may likewise be taken
into account in setting mandatory Federal Class | areagoals. EPA supports the regional planning
organi zation process currently under way as the most effective means to address the requirements
of theregiona haze program, and it is expected that much of the consultation, apportionment
demonstrations, and technical documentation needed for SIPswill be facilitated and devel oped
by the regonal planning organizations.

Progress goals should also take into account any emission reduction strateges in place or
on the way in order to meet other Clean Air Act requirements. For example, emission reduction
strategies implemented to attain the PM,, . and ozone NAAQS, and national mobile source
measures such asthe Tier 11 or heavy duty diesel regulations, should be taken into acoount in
developing mandatory Federal Class | area progress goals for regional haze. Thus, EPA does not
expect any progress goals for regional haze to be less ambitious than the level o visibility

improvement expected from other programs.*®

19 See regional haze rule, 40 CFR Section 51.308(d)(1)(vi).
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1.9 What progress reviews and future SIP revisions are required under the regional haze
rule?

After theinitial SIPs are approved, States will conduct formal progress reviews (in the
form of a SIP revision) every 5 years (e.g. in 2013 if theinitial SIP is submitted in 2008).
Progress will bereviewed in terms of changesin visibility based on monitoring daa, and in terms
of the implementation of emission reduction measures contained in the plan. If progressis not
consistent with the visibility and emission reduction goals established in the original SIP, the
State must evaluate the reason for lack of progress and take any appropriate further action. If the
lack of progressis primarily due to emissions from within the State, then the State may need to
revise itsi mplementation pl an within 1 year to i nclude addi tiona measures to make progress. |If
the lack of progressis primarily due to emissions from outside the State, then the State may need
to reinitiate the regional planning process to address this problem in the next major SIP revision
(e.g. in 2018).

States will be required to conduct a comprehensive SIP revision in 2018 and every 10
years thereafter. This processwill involve re-evaluaing rates of progress for each mandatory
Federal Class | areawithin the State as noted above and establishing new visibility improvement
goalsfor these areas. The revised SIP should a so include any revised emission reduction

measures needed to meet the new mandatory Federal Class | area progress goals.

1.10  Should estimates of natural visibility conditions reflect contemporary conditions and

land use patterns, or historic conditions?

For the purposes of this guidance, estimates of natural visibility conditions should reflect
contemporary conditions and land use patterns. That is, estimates should attempt to calculate the
degree of visibility impairment that exists today, given current vegetative landscapes, when
human emissions contributions are removed. We believe that thisis a more practical approach

than attempting to speculate about what visibility conditions would have existed under the
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vegetative landscapes that existed 3 or 4 centuries ago, i.e., prior to the arrival of European
settlers.

1.11  What estimates of natural conditions are referenced in the regional haze rule and

preamble?

Section 308(d)(2)(iii) of the regional haze rule states that “[n]atural visibility conditions
must be calculated by estimating the degree of visibility impairment existing under natural
conditions for the most impaired and least impaired days, based on available monitoring
information and appropriate data analysis techniques.” In the preamble to the regiona hazerule,
EPA statesthat “it will be appropriate to derive regiona estimates of natural visibility conditions
by using estimates of natural levels of visibility-impairing pollutants in conjunction with the
IMPROV E methodology for calculating light extinction from measurements of thefive main
components of fine particle mass (sulfate, nitrate, organic carbon, elemental carbon, and crustal
material).”

The 1991 peer-reviewed report of the National Acid Precipitation Assessment Program
(NAPAP) provides annual averageestimates of natural concentrations for these six main
components of PM for the eagtern and western regions of the country.** By applying assumptions
for average extinction efficiencies for each PM component and for the effect of humidity, the
NAPAP report also included estimates of natural visibility conditions on an annual average basis.
Those estimates are equivalent to about 9.6 deciviewsin the eastern region and 5.3 dedviewsin
the western region of the U.S.

In the regional haze preamble, EPA used the NAPAP estimates for natural concentrations

of PM mass components, but used assumptions for average extinction efficiencies and annual

! National Acid Precipitation Assessment Program. 1991. Acid Deposition: State of
Science and Technology. Report 24. Visibility: Existing and Historicd Conditions — Causes and
Effects. Table24-6. Washington, DC.
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average humidity, based on updated methodol ogies devel oped under the IMPROV E program.
Using this approach, EPA found that an appropriate estimate for natural conditions for the 20%
worst days would be approximately 11-12 deciviews in the east and 8 deciviews in the west.
The preamble further stated that “with each subsequent SIP revision, the estimates of
natural conditions for each mandatory Federal Class | area may be reviewed and revised as
appropriate as the technical bass for estimates of natural conditions improve.” Possible

approaches for refining natural conditions estimates are discussed later in this document.

1.12  How are the natural visibility conditions at a mandatory Federal Class I area

determined?

The general approach to estimating natural visibility conditions is based on the
IMPROV E methodology for calculating visibility extinction. Using estimates of the natural
concentrations of the primary components of particul ate matter, alongwith estimates of the
extinction efficiencies of these species, and site-specific factors to account for the effedas of
relative humidity on light scattering by paticles, values for the annual average light extinction at
each mandatory Federal Class | areaare calculated. Figure 1-2 summarizes the types of data used

in the approach to estimating natural visibility conditions.

1-12



Draft Guidance for Estimating Natural Visibility Conditions September 27, 2001
Under the Regional Haze Program

Estimates of Long-tern NW3 Avg
Annual Average Eelative Humidity
FM Mass by Estimates for Each
Component Class [ Area
IMPROVE
Iethodology

-Ext Efficiencies
-Rel. Humi dity Factor

:

Annual Mean
Matural Wis.
Conditions

;

Statistical Technigque for Developing
Worst and Best Day Estimates from
Annual Average Values,

'

Matural Visibility Values
for Best and Worst Days

Figure 1-2. Types of Data Used in Approach for Estimating Natural Visibility Conditions.

1.13  What approaches for estimating natural conditions are discussed in this guidance

document?

Chapter 2 of this guidance document describes the default approach for estimating naturd
visibility conditions for each mandatory Federal Class | area. This approach (see Figure 1-2)
relies on the NAPAP estimates for PM mass components and the IMPROV E methodology for

calculating light extinction. Important enhancements incorporated in this approach include the
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use of 10-year average rdative humidity data from more than 300 weather stations, for
development of appropriate relaive humidity adjustment factors(f{RH)), and statistical
techniques for estimating values for the 20% most impaired and 20% |leas impaired days. EPA
believes that this approach provides an adequate estimate of natural conditions for the purpose of
developing initial visibility improvement goals, and expects to be able to propose to approve
goalsin SIP submissions relying on this approach..

Chapter 3 of this guidance describes some alternative approaches by which States may
refine their natural conditions estimates based on additional data and analyses. For example, one
possible refined approach would involve updating the estimates of natural PM mass
concentrations for each PM component, based on recent peer-reviewed literature, rather than
using the NAPAP default values. These methods do not represent an exhaustive list and States
are free to devel op aternative approaches that will provide natural visibility conditions estimates
that are technically and scientifically supportable. Any refined approach should be based on
accurate, complete, and unbiased information and should be devel oped using a high degree of

scientific rigor.

1.14 How are natural emissions from fire taken into account in estimates of natural PM

and visibility levels?

In the preamble to the haze rule, EPA recognized that the Departments of Agriculture and
Interior are expected to increase prescribed fire emissionsin coming yearsin order to restore
ecosystem health and reduce hazardous excess fuel accumulation caused by many years of fire
suppression. Increases in prescribed fire are expected to result in areduction in wildfire
emissions over time In light of this, EPA stated in the preamble that it would be appropriate to
consider some portion of prescribed fire as“natural” in determining natural conditions.

Appendix A of NAPAP Report 24 discusses the approach used to estimate naturd mass

levels for each PM component. The estimates are based on compilations of natural versus
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manmade emission levels, ambient measurements in remote areas, and regression studies using
manmade and/or naural tracers. Uncertainties are recognized inthe estimates of each PM
component. The report recognizes that estimated natural levels of both organic carbon and
elemental carbon include contributions from fire emissions. The NAPAP report includes organic
carbon as the most significant natural PM component by mass in both the eastern and western
regions. Because most of the studies cited in the NAPAP Appendix were conducted in relatively
remote aress, it is reasonable to assume that the contribution of fire to PM massin the NAPAP
estimates represents the natural regional contribution by fire (both prescribed and wildfire).
Since the estimateof natural visibility conditionsis along-term (five-year) average, and because
we expect to be able to further refine estimates over time based on improved information and
methods, aregional contribution by fire emissions to overall natural vigbility conditions should
be adequate for the purpose of developing initial progress goals.

EPA encourages the development of afire emissions tracking database for anumber of
air quality management purposes. The categorization of fires as natural or human-caused in such
atracking system can be useful for assessing regional policy goals, such as annual fire emission
goals recommended by the Grand Canyon Visibility Transport Commission (GCVTC) and the
Western Regiond Air Partnership (WRAP), but we do not bdieve that all stateswill find it
necessary to develop or implement this type of goproach.

EPA and States should be able to devel op enhanced estimates of the contribution of fire
emissions to natural visibility conditionsin mandatory Federal Class | areas using information

from anumber of additi onal activities and technical tools over the coming years, i ncluding:

- implementation of acoordinated fire tracking system;

- the collection of multiple years of speciated PM data in mandatory Federal Class |
areas, and the assessment of potential contributions by natural fire events using
data from the fire tracking system;

- development of chemical analysis techniques to identify carbon attributed to fire
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versus other sources;

- development of improved emissions fectors and tracking of fire activity levels;
and

- improved regional scale fire modeling, or remote sensing tools to retrospectively

determine whether smoke from afire impacted a Class | airshed.

1.15 Can a State delay submittal of its control strategy SIP and associated mandatory
Federal Class I area progress goals until it has developed a “refined” estimate of

natural conditions?

No, States cannot use the developmert of arefined edimate of natural visibility
conditions as a reason for delaying the submittal of regional haze control strategy SIPs required
by statute and regulation. EPA believes that thedefault approach to estimating naural visibility
conditions presented in this document is adequate for the development of progress goals for the
first implementation period under the regional haze rule. In addition, the timeline for
implementing the regional haze program already includes a significant amount of lead time for
developing these SIPs, and EPA does not believe that SIP due dates may be extended beyond the
existing regulaory requirements. EPA expectes that States will need to begin assessng progress
goals and emission reduction strategies beginning in the 2004-2005 time frame in order to leave
adequate time for air quality modeling, analysis of the statutory factors, consultation with other
States or Tribes, development of regional recommendations, and adoption of individual Stae
regulations by 2008. Because the process of planning and implementing strategies and
evaluating progressis an iterative one, therewill be future opportunities to refine progress goals
based on new information about natural visibility conditions, ratesof growth and development,

and the effectiveness of contrds.
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2. DEFAULT APPROACH TO ESTIMATING NATURAL
VISIBILITY CONDITIONS

This section of theguidance document presents the default approach to be used in

estimating the natural visibility conditions for both the 20% most and 20% least impaired days.

2.1 What are the default estimates of the natural concentrations for the PM, ;

components?

The estimates of the annual averages for the natural levels of fine particle constituents
and of coarse particles are drawn from the 1991 report of NAPAP*. That report draws published
datafrom avariety of sources, and presentsestimates for thenatural levels of sulfates, organics,
light absorbing carbon (also referred to as elemental carbon), anmonium nitrate, soil dust, and
coarse particles for the eastern and western regions of the US. With minor adjustments these
estimates provide the starting point for calculating natural visibility conditions in the mandatory
Federal Class| areas.

The approach to estimating natural conditions presented in the NAPAP report defines two
separate regions of the US: (1) the East, which consists of all the states east of the Mississippi
River, and up to one tier of states west of the Mississippi; and (2) the West, including the
desert/mountain regions of the Mountain and Pacific time zones. Geographically, these two
subregions show strong differences in haze sources, vegetation, relative humidity, and regional
haze levels. Furthermore, within these two subregions, spatial variationsin the natural aerosol

levels would be expected.

2Trijonis, J.C., NAPAP State of Science & Technology, Vol. I, 1990.
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Table 2-1 presents the default estimated natural concentrations of the particulate species
for the East and the West along with estimates of the dry extinction efficiencies for each species.
These concentration estimates are used with the respective estimates of the dry extinction
efficiencies to establish the light extinction attributed to natural sourcesin the East and West. As
Table 2-1 shows, the natural concentration estimates differ between the East and West only in the

concentrations of sulfate and organic species.

Table 2-1. Average Natural Levels of Aerosol Components®

Average Natural Concentration Dry Extinction Efficiency
East (ng/m®) West (mg/m’) (m*/g)

Ammonium sulfate® 0.23 0.11 3
Ammoniumnitrate 0.10 0.10 3
Organic carbon © 1.40 0.47 4
Elemental carbon 0.02 0.02 10
Soil 0.50 0.50 1

Coarse Mass 3.0 3.0 0.6

a After Trijonis, ref. 8

b: Values adjusted to represent chemical speciesin current IMPROVE light extinction
algorithm; Trijonis estimates were 0.2 ng/m® and 0.1 ng/m?® of ammonium bisulfate.

(o Values adjusted to represent chemical speciesin current IMPROVE light extinction
algorithm; Trijonis estimates were 0.2 ng/m? and 0.1 ng/m? of organic carbon.

2.2 What should be done if the default estimate for any naturally contributed species

exceeds the corresponding measured concentrations?

Contributions by natural sourcesto haze are defined as those not from man-made sources,
so neither natural nor man-made contributions to haze can exceed the total haze levels over any

period of time. Thedefault natural concentration estimates are for long-term average conditions,
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and so may be larger than the measured current concentrations for short periods, but should not
exceed the average concentration over severa annual cycles. If the average measured level of
any of the six particle species(for the baseline period, or for any other five-year peiod) is
smaller than the corresponding default natural values, then the default values should be replaced
by values that are equal to or less than the measured values. Thiswould constitute a refinement
of the default as discussed in section 3.

2.3 How are the long-term relative humidity data used to determine f(RH) values?

The U.S. EPA recently sponsored a project to examine measured hourly relative humidity
data (below 95% RH) over a 10-year period (1988-1997) within the United States, to derive
month-specific climatological mean humidity correction factors for each mandatory Federal
Class| area® These relative humidity factors were calculated from available hourly relative
humidity data from 292 National Weather Service (NWS) stations across the 50 states and
District of Columbia aswell as from 25 IMPROVE and IMPROV E protocol monitoring sites, 46
Clean Air Status and Trends Network (CASTNet) sites, and 12 additional sites administered by
the National Park Service.

The hourly RH measurements from each site were converted to hourly f{RH) values
using a non-linear weighting factor curve, based on a modified ammonium sulfate growth curve,
applied to the ten years of surface relative humidity data. For days in which at least 16 hours of
vaid RH datawere available, daily averages were determi ned from these hourly f(RH) values at
each gte. Monthly averageswere then cd culated from the dally f{RH) averages at each site. The
monthly averagef(RH) values were interpolated at 1/4-degree incraments using the inverse

distance weighting technique (with a distance interpolation exponent of 1):

3 U.S. EPA, Interpolating Relative Humidity Weighting Factors to Calculate Visibility
Impairment and the Effects of IMPROVE Monitor Outliers, prepared by Systems Application
International Corporation, Raleigh, NC, EPA Contract No. 68-D-98-113, August 30, 2001.
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where the monthly f(RH), of the grid cell is calculated from f{RH),, at the weather station, and the

horizontal distance between the grid cell center and the weather station, X,,,, summed over all the
weather stations within a 250-mile radius with valid f(RH) values for that month. Annual
averages for f(RH) at each mandatory Federd Class | areawere then calculated from the monthly
averages.

The annual average f(RH) values for all mandatory Federal Class| areas are tabuated in
Appendix A of this document. Those values are used in the default approach to establishing
natural visibility conditions. The 12 monthly-averaged f(RH) values for each of these Class |
areas are also tabulated in Appendix A. In most regions there is a seasonal cycle of relative
humidity, which is evident in the appropriate monthly /{RH) v ues. The monthly f{RH) values
may be used in refined estimates of the natural visibility conditions (Chapter 3). Note that
Appendix A includesf(RH) values only for the designated mandatory Federal Class| areas.
However, the software program needed to calculate f(RH) values for other sitesis available for

use by States, Tribes, and other agencies, upon request to EPA.

2.4  How is the default natural light extinction at a mandatory Federal Class I area

calculated?

The calculation of natural light extinction is based on the IMPROV E methodol ogy.
Using the valuesin Table 2-1, the natural light extinction can be calculated from Equation 1:
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where b, is the reconstructed total light extinction in inverse megameters (i.e, Mm* = 10° m™).

(Note: A value of 10 Mm* is used for all mandatory Federal Class | areas as an estimate of the
light extinction caused by the light scattering from gas molecules, i.e., Rayleigh scattering).
Relative humidity correction factors, f(RH), are included for the sulfate and nitrate species as
these are hygroscopic (i.e., absorb water) and their extinction efficiencies change with relative
humidity. Annual average site-specific f(RH) valuesfor all 156 mandatory Federal Class| areas
(Appendix A) havebeen determined from historical daa, and are used in the default approach to
establish site-specific natural visibility conditions.

Example calculations with Equation 1 will illustrate the use of the default approach.
Looking at two examples in the East, and referring to Table 2-1 for default concentrations and
Appendix A for annual f{RH) values, we see that the natural totd light extinction for Acadia

National Park (Mane), is:

b,, = 3(339)[023]+ 3(33[01]+ 4[14]+ 10[0.02 ]+ [ 05] + 0.4 3.0] + 10
= 2146 M

Similarly, for the Everglades National Park (Florida), ,,, is:
b, = 3266)[023] +3(266)[01]+4[14]+ 10[0.02]+ [05]+ 0 30]+ 10
= 2073Mm™

In the West, we see that Bandelier National Monument (New Mexico) has a default naturd light
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extinction of:
b, = 31835[012]+3(185)[0.1] +4[047]+ 1¢{0.02] + [0.5] + 0. 3.0] + 10
= 15.600m ™

and, Y ellowstoneNational Park (Wyoming), has adefault b, of:

ext

b, = 321D[012]+ 3210 1] +4[ 0471+ 10[002] + [ 05] + 0] 30] + 10
= 15.78Mm!

The default natural light extinction values have been calculated by this approach for al 156
mandatory Federal Class| areas, and are listed in Appendix B.

2.5  How are the default b, , values used to estimate natural visibility in deciview units?

The default light extinction values are used to calcul ate estimates for the annua average
deciview values(dv) at each mandatory Federal Class| area. These default dv values are

determined from Equation 2:

dv=10lnt,, /10) @)

where b, , isthe default totd light extinction in Mm™ as calculated by Equation 1. From the

examples above, the default annual average dv for Acadia National Park, is:

dv = 101n(2146/10)
=764

For the Everdades National Park, the default dv valueis:
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v = 101n(2073/10)
=729

The default dv value for Banddier National Monument is:

v = 101n(15.60/ 10)
=445

and, for Y ellowstone Nationa Park, the default dv is:

dr = 101n(15.78/ 10)
= 4.56

The calculated annual averagedv value for eachmandatory Federal Class | areais presented in

Appendix B along with the default totd light extinction vaues.

2.6  How are the 20% best visibility days and the 20% worst visibility days determined in the
default approach?

The calculated dv value represents an estimate of the annual average of daily natural
visibility dv values. If daly values for the natural background visibility dv were available those
values could be arranged in order and the averages of the best 20% and the worst 20% of the
values could be calculated to establish the regional haze rule goals for each mandatory Federal
Class| area. However, ancedaily naturd visibility dv values are not available, the default
approach provides only an estimate of the annual average natural background dv, and the
averages for the best and worst 20% must be estimated.

Ames and Malm* have shown that the frequency distributions of daily reconstructed dv

“Rodger Ames and William Mam, Recommendations for Natural Condition Deciview
Variability: An Examination of IMPROVE Data Frequency Distributions, 2000.
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values for sitesin the East and in the West can each be well represented by normal distributions.
Consequently, the average dv values for the 20% best visibility days and the 20% worst visibility
days can be estimated from 10" and 90" percentile dv values, respectively. That is, since the
frequency distributions appear to behave normally, the 10" and 90" percentiles for a mandatory

Federal Class | area can be edimated from the following equations:

pl0=dv - 128=d 3)

and,

P90 =dv +128:d “4)

where sd representsthe standard deviation of the daily dv values for that area, and dv isthe
annual average of thedv values. Estimates of sd for current visibility conditions were derived
from a database of current visibility conditions from numerous sites in both the East and the
West. At each site, daily dv values were calculated from the reconstructed light extinction

va ues, and the mean and standard devi i on of the daily dv values were determined. Comparison
of sites within the same region showed that, in the East, the current visibility conditions have on
average adv value of approximately 18 with an averagesd of approximately 5. In the West, the
current visibility conditions showed an averagedv of approximately 8 and an averagesd of
approximately 2.4. More important in the present context, by inspection of the relationships
between sd and average dv, Ames and Malm' inferred best estimates of the sd values for natural
visibility in both the West and Eagt. Inthe Wedt this best estimate of the naturd visibility sd is 2,
wheress in the East the best estimate of the naturd visibility sd is 3.

These estimates of the standard deviation of natural contributions to visibility impairment
can be used in Equations 3 and 4 above along with the default natural dv values, to estimate the
averages of the 20% best and 20% worst natural visibility contributions. For example, the
calculated 10" and 90" percentile dv for Acadia National Park are:
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p10=7.64 - 1.28(31 = 380
290 =764+128(3)=1148

Appendix B provides the default 10" and 90" percentile natural visibility deciview values
for each of the 156 mandatory Federal Class | areas. Figure 2-1 isamap of the 10" percentile
default dv at mandatory Federal Class| areas across the U.S,, indicating a range from
approximately 2 dv in the West to 3 dv in the East. Figure 2-2 is amap of the 90" percentile dv,
which ranges from approximately 7 dv in the west to 11 dv in the East. (Note that different color
scales apply to the East and West portions of Figures 2-1 and 2-2, as indicated in the figures).
Higher dv values in the northwest than southwest U.S. are due to higher RH in the northwest.
Higher naturd condition organic carbon mass concentrations in the East are primarily responsible

for higher default 10" and 90™ percentile dv in the East relative to the western U.S.
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3. REFINED ESTIMATION APPROACHES

REGIONAL & SITE-SPECIFIC APPLICATION

3.1 Why might States want to use a refined approach to estimate natural visibility

conditions?

There are avariety of circumstances under which States might wish to adopt arefined
approach to estimating natural visibility conditions. For example, if the default estimates of the
natural background conditions are close to the current visibility conditions, small uncertainties
can have significant impacts on States' ability to meet SIP goals. In some regions, natural
sources are known to exhibit predictable seasonal influences on visibility. Therefore, States
might wish to use refined estimates of natural visibility conditions to account for these
influences. Also, States which receive significant visibility impacts from biomass snoke might
wish to distinguish more explicitly between man-made and natural sources. These examples are
non-exhaustive and there may be many othe circumstances under which States find it desirable
to develop more refined estimates. In all such cases, they should be prepared to support
alternative approaches with sufficient information so that EPA and the reviewing public can

verify their accuracy and vdidity.

3.2 What are some of the approaches that could be used by States to refine the default

natural visibility estimates?

A refined approach is essentially one that uses species concentration estimates that differ
from the NAPAP default values given in Table 2-1. Several possible refined approaches which
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can be adopted are described in this document, and States may identify others that are more
appropriate for their own situations.

One possible refined approach is to revise the NAPAP default estimates of the natural
concentrations of one or more of the composite components, and repeat the calculations with the
refined concentrations. This approach might be adopted where there is an offset beween the
regional natural concentrations and the NAPAP default estimates. In this approach, the visibility
calculations (i.e., Equations 1-4) would be carried out using refined annual average concentration
estimates and the default annual average f{RH) values. Note that any refined natural
concentration estimates must retain the distinction between natural and anthropogenic
components. For example, the natural concentration estimate for a species can never exceed the
actual measured concentration of that species over any time period.

In cases where constant values for natural species concentrations may not be appropriate,
a second possible approach could estimate natural visibility using species concentraions that
vary (e.g., seasonally, monthly, or climatologically). This approach might adopt the NAPAP
default estimates for some species, and temporadly varyi ng estimates for others. Alternatively,
the NAPAP estimates might be used for some seasons or timeperiods, and other technically
justified estimates or measurements for the remaining time periods. This approach would use the
refined concentration estimates, and if the time-varying spedes is hygroscopic (i.e., sulfate or
nitrate), it would also use the appropriate monthly averagef(RH) values (Appendix A).

Finally, arefined approach might account for infrequent natural events, such as forest
fires or wind-blown dust, as major influences on visibility. Such an approach would require
estimating the frequency and magnitude of the naturd contribution to particle concentrations

during the events.

3.3 Which refined approach is most appropriate for States to use?

To determine which approach is most appropriate, States should first identify whether any
of the particle species concentrations are thought to deviate significantly from the NAPAP default
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values. Once identified, States should classify the devi ations as either a constant offset (e.g.
NAPAP sulfate values are too low near the sea coast), a systematic temporal variation (e.g. natural
organics are seasonally higher in the summer), or an infrequent natural variation (e.g. dug
produced by a natural sand dune area duringwind events). The refinement of particle species
concentrations could follow arange of different approaches, from using different annual average
species concentrations, to using seasonal or monthly concentrations, to using different natural
concentrations for individual sample events. EPA encourages flexibility in the approaches used,
so that default and refined annual average, seasonal, monthly, and event-specific species
concentrations may be intermingled to provide the best estimates of natural visibility for each of

the mandatory Federal Class | areas.

3.4 What should States do if they want to use a refined approach, rather than the default

approach to estimate natural visibility conditions?

States wishing to employ arefined approach should supply technical demonstrations that
the refined approach provides improved site-specific or regional natural visibility estimates,
relative to the default approach. The proposed refined approach must be based upon paticle
species classification into natural and manmade components (i.e. natural cannot exceed measured
particle species concentration for any time period), and should be submitted to EPA for approval
prior to implementation.

States wishing to adopt arefined approach based on a constant offset of the natural
concentrations of the particle species should provide technical justification for revising the
NAPAP default concentrations. Using the refined concentrations, the natural visibility condition
should then be calculated based on an approach that is consistent with the methodology that is
used to track trends, such as the default approach.

States wishing to adopt a refined approach based on estimates of annually varying
(seasonally, monthly, climatologically, etc.) natural particle concentrations should also provide

technical justification for the estimates of the natural particle species concentrations. For
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example, if seasonal variations in particle species are the basis for the refined approach, then
estimates should be provided of natural concentrations in every season for every pertinent species.
Those particle species components that do not vary significantly should be treated using a constant
estimate of the natural concentrations (e.g., use NAPAP value for each season).

In any case, the appropriate mechanism for putting a refined estimation approach in place
isto incorporate the approach in anew or revised SIP. The justification for the proposed refined

approach will thereby be considered as part of the normal SIP review process

3.5  How might an infrequent natural impact be quantified?

Infrequent events could be addressed by using a constant or temporally varying value for
all non-event periods, for species affected by the event, and a different value for those species
during the event. For example, consider aforest fire, which affects particul ate organic and
elemental carbon. The contribution of the fire event to the natural levels of those species might be
estimated by assuming that thefire contributed all of the increment above the mean of the sample
periodsimmediatdy pre- and post-fire event. Multiple pre- and post-event sample periods could
be used to strengthen the comparison. Alternatively, an air quality model might be used to
estimate the impact of the smoke plume on particle carbon levels, or other air quality

measurements might be used to estimate the impact of theevent.

3.6 Can natural visibility estimates be made on a sample-period-by-sample-period basis?

Y es, such calculations can be done, but refined concentration estimates should be justified

to support such an goproach. Inthat case, the cdculation of the current b, , would first be done for

ext

each sample day, us ng Equation 1, the appropri ate monthly f(RH) values, and the daly

monitoring datafor each species. Theresultingdaly b, , values would then be converted to

ext

deciviews by Equation 2. Those deciview values would then be sorted, and the highest 20% and
lowest 20% identified, indicating the days with the most and the least visibility impairment,
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respectively. (This procedure is described in detail in a separae guidance document for tracking
progress). For each of the days in these two groups, the natural contribution to light extinction
would then be estimaed. The average of each of these two groups of natural contributions would
then be cal culated.

As noted above, the natural concentration of each species assumed in this calculation must
never exceed theactual measured concentration in any sampleperiod. Furthemrmore, if this
approach is taken, natural visibility conditions (i.e, the averages of the 20% worg and 20% best
natural deciview values) should be recalculated each year.
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Appendix A

Annual Average f(RH) and Monthly Average f(RH)
Values at All Mandatory Federal Class I Areas
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Origin of Relative Humidity and f(RH) Values

In terms of visibility reduction caused by fine particles, it is appropriate to treat relative
humidity differently for different objectives. If the objective isthe most reliable short-term
estimate of visibility, then the measured or estimated relative humidity for the specific time and
location of the agrosol speciation datais most appropriate. On the other hand, if the objedtiveis
to assess the long-term changes in manmade visibility impairment, it is appropriate to use relative
humidity that is the same for the baseline period and future periods. In other words, it is more
appropriate to diminate the confounding effects of varyingrelative humidity, if the purposeisto
track the visibility effects of air pollution emissions ove extended time periods.

A number of approaches were considered to prevent variations in therelative humidity
adjustment factor from confounding efforts to track progress related to emission controls. The
simplest approach would use the sametypical or overall average adjustment factor for all class |
areas at all times. However, this would enhance the contributions of hygroscopic particle species
in dry locations and during typically dry seasons above what they truly should be, while reducing
their contributions in moist locations and seasons. Such distortions of the contributions to haze by
hygroscopic particle species are unnecessary if aset of Class| area-specific adjustment factors are
used that reflect seasonal changesin relative humidity.

A second approach would be to review relative humidty data over along period of time to
derive climatological estimates for relative humidity adjustment factors. These climatological
estimates would then be used to estimate visibility extinction coefficients. These estimates are
more likely to reflect “typical” relative humidity at the different mandatory Federal Class| areas
during different times of year and, thus, are more likely to be more appropriate for establishing
trendsin visibility at the mandatory Federal Class | areas.

Recently, the U.S. EPA sponsored a project to examine measured hourly relative humidity
data (below 95% RH) over a 10-year period withinthe United States, to derive month-specific
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climatological mean humidity correction factors for each mandatory Federal Class| area.' The

results of that work are presented in the table below and the draft report is available at
http://www.epa.gov/ttn/oarpg/gener.html.

These relative humidity factors have been cdculated from available hourly relative humidity data

from 292 National Weather Service stations across the 50 states and District of Columbia as wel

as from 25 IMPROVE and IMPROV E protocol monitor sites, 46 CASTNet sites, and 12

additional sites administered by the National Park Service.

The hourly RH measurements from each site were converted to f{RH) values using a non-
linear weighting factor curve, based on a modified ammonium sulfate growth curve For daysin
which at least 16 hours of valid RH data were available, daily averages were determined from
these hourly f(RH) values at each site. Monthly averages werethen calculated from the daily
f(RH) averages at each site.

The monthly average f(RH) values were interpolated at 1/4-degree increments using the

inverse distance weighting technique (with a distance interpolation exponent of 1):

T F(RH), | Ry
SR, - S

where the monthly f(RH), of the grid cell is calculated from f(RH),, at the weather station, and the
horizontal distance between the grid cell center and the weather station, X,,,, summed over all the
weather stations within a 250-mile radius with valid f{RH) values for that month.

In most regions there is a seasonal cycle of relative humidity which is accounted for by
this process of appropriate f({RH) values for each month of the year from the daily-averaged
values. Thus, the 12 monthly-averaged f(RH) values determined in thisway for each Class | aea

Y U.S. EPA, Interpolating Relative Humidity Weighting Factors to Calculate Visibility
Impairment and the Effects of IMPROVE Monitor Outliers, prepared by Systems Application
International Corporation, Raleigh, NC, EPA Contract No. 68-D-98-113, August 30, 2001.
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should be used for all aerosol speciation data or model predictions for that location. However, a
more complicated approach has also been investigated, as described below.

The regional haze regulation reguires separatetracking of visibility changes for the worst
20% and best 20% of visibility days. If thereisasignificant correlation in any month at any dte
between daily relative humidity and the sulfate or nitrate concentrations, then use of the monthly-
averaged f{RH) will systematically over- or under-predict the contribution to visibility impairment
of the aerosol species. Fortunatdy, this concern can be tested at a number of locationsin all
regions of the country using the IMPROVE database. If the use of monthly-averaged values were
found to cause large systematic biases in any region of the country, the Class | areasin those
regions would require two f{RH) values for each month. One value would be the average f(RH)
associated with relative humidity conditions that correspond to the worst 20% and the other value
associated with relative humidity conditions that correspond to the best 20% of the light
extinction values. Therefore thereis the potential that some Class | arealocations could require
up to 24 f(RH) values for usein calculating extinction for aerosol data.

The U.S. Nationa Park Service has tested this possibility, by examining data for each of
the 12 months from 20 mandatory Federal Class | areas where relative humidity measurements are
made. In nearly all cases, no statistically significant correlations were found between measured
concentrations of SO,%, NO, and [SO,* + NO,] vs. dail y values of relative humidity in alarge
majority of months. Furthermore, deciview cdculations were made using day-specific vs.
climatological values for the relative humidity adjustment factor for each of 10 yearsin 15
mandatory Federal Class| aress. In 14 of the 15 areas, little if any difference was observed in the
year to year calculations for the mean deciview values for the 20% worst and 20% best days, nor
was there any difference in the trends. Some difference in the mean deciview vdue for the worst
20% days was observed in one mandatory Federal Class| area. However, the overall trend in the
mean worst and best deciview values for this site was similar using the two types of f(RH) values.
These results suggest there is arelatively weak correlation between hygroscopic components of

PM and relative humidity and that the choice of a*climatological” vs. “day-specific” method for
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computing f(RH) has little apparent effect on observed trendsin visibility. Consequently, the

simpler climatolog cal approach isused in regiond haze calcul ations.
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Ann. Ave. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
Class 1 Area ST f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH)
Acadia NP ME  3.39 326 294 284 337 311 298 341 383 404 382 356 353
Agua Tibia Wilderness CA 227 239 238 240 222 222 218 228 229 232 229 210 216
Alpine Lakes Wilderness WA  3.64 425 379 347 390 293 322 292 312 325  3.91 447 451
Anaconda-Pintler Wilderness MT 255 332 288 254 235 236  2.31 1.96 188 210 252 3.15 3.29
Arches NP Ut 1.81 262 234 1.80 1.64 1.55 1.31 1.36 1.53 1.60 164 204 234
Badlands NM SD 255 264 266 257 242 280 269 249 242 224 226 272 272
Bandelier NM NM  1.85 223 210 1.78 1.60 1.59 1.44 173 2.08 1.90 1.65 1.96  2.16
Bering Sea Wilderness AK  0.00 000 000 000 000 000 000 000 000 000 000 000 0.0
Big Bend NP T™X  1.80 2.00 1.86 1.61 1.52 1.63 1.58 1.69 1.96 213 1.86 1.84 1.91
Black Canyon of Gunnison NP co 197 238 222 1.93 1.89 1.87 1.61 1.68 1.94 1.97 177 213 225
Bob Marshal Wilderness MT  2.87 357 310 277 259 266 270 234 223 258 292 347 354
Bosque del Apache Wilderness NM 173 2.11 1.93 1.57 1.38 1.39 1.28 1.75 1.96 1.86 1.60 1.80 215
Boundary Waters Canoe Area MN 291 298 259 268 235 231 287 3.1 336  3.51 278 320 3.9
Breton Wilderness LA 3.86 3.74 3.54 3.65 3.62 3.83 403 430 433 415 3.71 3.67 3.71
Bridger Wildemess in Bridger-Teton Forest WY 2.07 252 235 234 219 210 1.80 1.50 1.49 174 200 244 242
Brigantine Div. Of Forsythe NWR NJ  3.07 283 264 273 260 3.03 3.16 3.44 3.72 3.64 334 285 283
Bryce Canyon NP ut  1.81 262 238 1.93 1.62 1.50 1.30 1.31 1.51 1.51 1.61 200 239
Cabinet Mountains Wilderness MT 295 3.81 327 285 261 266 268 230 218 256 298 3.70 3.86
Caney Creek Wilderness AR 337 3.42 3.09 285 3.01 3.56 3.57 3.44 3.43 3.63 3.49 3.38 3.51
Canyonlands NP Ut 175 260 232 1.72 1.57 1.47 1.22 1.30 1.45 1.55 1.61 1.98 228
Cape Romain NWR SC  3.39 325 295 287 284 316 367 364 406 402 368 335  3.19
Capitol Reef NP Ut 1.88 270 244 1.95 1.71 1.60 1.36 1.37 1.56 1.62 168 212 246
Caribou Wilderness CA 263 369 313 283 245 237 217 207 213 220 238  3.01 3.41
Carlsbad Caverns NP NM  1.86 2.05 1.96 1.59 1.54 1.64 1.56 183 207 220 1.83 1.90  2.14
Chassahowitzka NWR FL 373 382 347 339 322 329 387 389 418 412 388 368  3.88
Chiricahua NM AZ 168 2.02 1.95 1.59 1.25 1.26 1.14 182  2.09 1.79 1.47 1.63 217
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Ann. Ave. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Class 1 Area ST f(RH) fRH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH)
Chiricahua Wilderness AZ 167 1.99 1.91 1.57 1.23 1.25 1.14 1.81 2.07 1.78 1.46 162 215
Cohutta Wildemess GA 353 334 309 295 277 335 380 399 419 422 379 336  3.46
Crater Lake NP OR  3.60 457 392 368 336 322 299 284 287 305 359 457 456
Craters ofthe Moon Wilderness ID 2.18 313 274 228 202 201 1.81 1.43 1.42 1.57 197 277  3.04
Cucamonga Wildemess CA 226 2.51 244 239 216 212 207 214 215 216 219 208 220
Denali NP AK 252 252 233 209 1.90 187 215 253 299 282 293 302  3.10
Desolation Wilderness CA 215 322 277 239 201 1.84 1.63 1.52 1.57 1.65 186 240  2.95
Diamond Peak Wilderness OR  3.64 452 396 364 366 316 312 290 293 305 367 455 457
Dolly Sods Wilderness WV 3.19 298 279 281 256 312 339 354 387 385 327 297  3.10
Dome Land Wilderness CA  1.99 247 229 218 1.93 1.84 1.77 1.79 1.82 1.81 1.89 1.96  2.16
Eagle Cap Wilderness OR 249 377 316 247 210  2.04 1.87 1.61 1.56 1.61 225 344 397
Eagles Nest Wilderness CcoO 203 217 247 199 204 213 1.89 183 204 203 185 214 212
Emigrant Wilderness CA 217 320 282 252 211 1.92 1.68 1.54 1.57 1.59 185 237 285
Everglades NP FL 266 274 257 255 240 236 274 261 289 298 278 260 268
Fitzpatrick Wilderness WY 205 2.51 233 224 213 209 1.80 1.51 1.46 1.73 198 239 244
Flat Tops Wildemess co  1.99 2.31 2.19 199 200 202 1.76 1.68 1.85 1.94 183 215 220
Galiuro Wildemess AZ 159 1.95 1.80 1.54 1.22 1.20 1.10 1.54 1.84 1.63 1.46 164 210
Gates of the Mountain Wilderness MT 240 289 257 242 230 230 227 203 194 212 241 275 281
Gearhart Mountain Wildemess OR 296 396 338 306 275 265 248 228 230 238 284 365 384
Gila Wilderness NM  1.74 2.07 1.93 1.59 1.32 1.35 122 2.08 1.96 1.80 1.56 176 217
Glacier NP MT  3.34 4.01 347 318 306 324 339 276 260 319 345 382  3.89
Glacier Peak Wilderness WA  3.60 416 372 342 375 291 316 288 314 333 390 442 443
Goat Rocks Wildemess WA  3.65 425 375 336 424 283 338 303 319 307 377 442 455
Grand Canyon NP AZ  1.76 237 233 1.91 1.49 1.40 1.18 1.42 1.71 1.62 1.59 185 225
Grand Teton NP WY 207 262 239 224 210  2.06 1.79 1.52 1.47 172 200 243 255
Great Gulf Wilderness NH  3.13 278 256 258 277 293 322 349 381 398 342 306 292
Great Sand Dunes NM co 211 242 229 201 1.89 1.89 1.75 188 233 219 186 238  2.38
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Ann. Ave. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
Class 1 Area ST f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH)
Great Smoky Mtns. NP TN  3.46 3.31 3.04 291 2.70 3.17 3.86 3.82 3.96 4.4 3.77 329  3.44
Guadalupe Mountains NP TX  1.84 1.96 1.95 1.58 1.48 1.55 1.52 1.87 215 217 1.78 1.91 2.21
Haleakala NP HI 2.54 2.74 2.60 2.60 2.54 239 234 248 243 239 253 2.76 2.70
Hawaii Volcanoes NP HI 3.13 3.22 2.93 2.97 2.96 295 292 3.09 3.4 3.18 3.4 3.66 3.18
Hells Canyon Wilderness ID 2.53 3.70 3.12 2.51 2.17 2.12 2.00 1.63 1.58 179 2.4 345 387
Hercules-Glades Wilderness MO  3.13 3.22 2.92 2.67 2.71 325 328 328  3.33 3.44 3.08 3.1 3.25
Hoover Wildemess CA 212 3.13 2.76 2.46 2.06 1.87 1.64 1.50 1.53 1.55 1.80 2.32 2.80
Isle Royale NP MI 2.89 3.05 254 267 237 221 258  3.00 3.16 3.78 271 3.34 3.30
James River Face Wilderness VA 3.04 283 264 266 243 298 328 339 367 3.64 315  2.81 2.96
Jarbridge Wilderness NV 211 295 260 208 212 221 217 1.58 1.40 1.35 163 244 280
John Muir Wilderness CA 212 293 264 242 206 1.89 1.72 1.65 1.69 1.71 189 223 260
Joshua Tree NP CA 206 235 230 2.24 2.02 1.99 1.91 1.97 2.00 2.03 2.02 1.91 2.04
Joyce Kilmer-Slickrock Wilderness NC  3.51 3.34 3.07 2.94 2.73 3.30 3.79 396 418  4.23 3.78  3.32 3.46
Kaiser Wilderness CA 214 3.00 268 245 208 1.89 1.72 1.64 1.67 1.69 1.89 227 2.67
Kalmiopsis Wildemess OR  3.71 4.54 3.90 3.83 345  3.46 3.32 3.20 3.20 329 356 439 432
Kings Canyon NP CA 211 279 255 242 2.11 1.89 1.76 1.69 1.70 1.75 1.91 2.27 2.51
La Garita Wilderness co 197 2.34 2.20 1.91 1.80 1.79 1.60 1.73 2.08 201 1.76 2.17 2.26
Lassen Volcanic NP CA 272 3.81 319 291 2.53 2.42 219 209 214 2.23 2.43 3.13 3.53
Lava Beds Wilderness CA 294 398  3.36 3.07 2.70 2.62 2.43 2.31 2.34 2.42 2.72 3.52 3.81
Linville Gorge Wilderness NC 354 3.26 3.01 295 268  3.33 393 407 452 438 369  3.23 3.36
Lostwood Wilderness ND  2.68 299 289 290 232 227 264 268 236 228 236 3.24 3.21
Lye Brook Wilderness VT 299 274 256 261 259  2.82 3.03 3.27 3.56 3.66 325 293 283
Mammoth Cave NP KY  3.36 3.36 310 294 264 3.23 3.52 3.66 3.88  3.90 3.44 3.17 3.47
Marble Mountain Wilderness CA  3.60 4.44 3.79  3.74 3.33 3.37 3.24 318 319 324 337 412 415
Maroon Bels-Snowmass Wilderness CO 202 217 214 195 203 205 1.72 186 216 212 182 209  2.08
Mazatzal Wilderness AZ 161 2.07 1.94 1.65 1.31 1.26 1.12 1.46 1.73 1.58 1.48 1.68  2.09
Medicine Lake Wilderness MT 262 3.02 2.90 2.87 2.26 2.23 248 250 2.22 2.23 235  3.16 3.17
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Ann. Ave. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Class 1 Area ST f(RH) fRH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH)
Mesa Verde NP co 187 245 228 1.87 1.52 1.47 1.33 1.60 1.98 1.89 166 2.1 2.34
Minarets (n Ansel Adams Wilderness) ~ CA 2.1 3.01 269 244 206 1.88 1.69 1.58 1.61 1.62 184 225 268
Mingo Wilderness MO  3.14 329 304 277 264 304 318 329 346 348 312 309 328
Mission Mountain Wilderness MT 284 360 313 273 252 260 262 227 219 250 287  3.51 3.59
Mokelumne Wilderness CA 216 3.21 278 242 204 1.86 1.64 1.53 1.58 1.66 186 239 293
Moosehorn NWR ME  3.21 297 269 266  3.01 296 310  3.41 380 391 354 324 320
Mount Adams Wilderness WA 373 429 380 344 440 292 349 312 327 313 386 449 456
Mount Baldy Wilderness AZ 171 218  2.04 1.69 1.36 1.32 1.18 1.60 1.89 1.71 1.56 1.81 2.21
Mount Hood Wilderness OR 362 429 381 346 387 295 315 285 300 310 386 453 455
Mount Jefferson Wilderness OR 362 4.41 390 356 374 307  3.11 2.89 291 3.03 378 455 454
Mount Rainier NP WA  3.92 442 396 364 465 306 369 330 350 340  4.11 466  4.66
Mount Washingion Wilderness OR  3.64 444 393 358 373 309  3.11 298 291 3.02 376 456 456
Mount Zirkel Wilderness CO 202 218 217 202 209 217 1.92 1.74 1.86 1.95 187 214 211
Mountain Lakes Wilderness OR 323 429 362 332 298 286 264 249 250 264 310 412 426
North Absarka Wilderness WY  2.08 243 227 224 217 214 1.93 1.69 1.56 176 204 235 240
North Cascades NP WA  3.62 410 369 343 374 293 320 293 323 345 393 439 438
Okeferokee NWR GA 356 348 319 3.1 303 355 373 373 405  4.01 375 352 358
Olympic NP WA 395 4.51 408 382 408 317 346 312 348  3.71 438 483 475
Otter Creek Wilderness WV 325 297 279 282 257 318 350 369 406 396 332 299 314
Pasayten Wildemess WA 360 447 372 341 372 289 316 288 315 332 386 442 446
Pecos Wilderness NM  1.90 225 210 1.79 1.66 1.67 1.52 177 212 2.00 1.71 204 221
Petrified Forest NP AZ 175 238 220 1.72 1.40 1.33 1.20 1.52 1.82 1.66 1.58 1.94 230
Pine Mountain Wilderness AZ 166 215  2.03 1.73 1.36 1.30 1.14 1.44 1.75 1.60 1.52 173 212
Pinnacles NM CA 243 316 284 264 244 227 203 203 211 209 226 248 287
Point Reyes NS CA 283 363 325 305 266 253 233 248 257 262 265 294 327
Pres. Range-Dry River Wilderness NH 324 283 259 260 2583 304 338 367 400 426 354 314  2.96
Rawah Wildemess CcoO 203 205 212 201 214 226 203 1.84 1.97 1.99 188 209 202
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Ann. Ave. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Class 1 Area ST f(RH) fRH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH) f(RH)
Red Rock Lakes Wilderness MT  2.16 273 246 228 212 210 1.91 1.67 1.58 177 207 256 268
Redwood NP CA 423 442 391 456  3.91 450 470 486 472 431 366  3.81 3.40
Rocky Mountain NP co 191 1.70 1.90 190 213 226 204 1.82 1.96 1.87 1.80 1.84 1.70
Roosevelt Campobello IP NB 322 299 270 265 303 29 309 340 380 391 354 326 @ 322
Saguaro Wildemess AZ 149 1.80 1.63 1.43 1.13 1.12 1.05 1.41 1.77 1.55 1.41 156  2.05
Salt Creek Wilderness NM  1.82 2.12 1.92 1.53 1.53 1.67 1.56 1.76 197 212 1.75 1.81 2.06
San Gabriel Wilderness CA 226 253 246 242 219 216 212 220 221 223 226 212 223
San Gorgonio Wilderness CA 216 273 277 256 226 219 1.86 1.80 1.85 1.88 1.92 193 215
San Jacinto Wilderness CA 222 245 242 237 215 212 202 208 211 212 212 200 2.1
San Pedro Parks Wilderness NM  1.87 232 214 1.79 1.62 1.59 1.43 169 202 1.91 168 205 224
San Rafael Wilderness CA 249 283 267 265 236 233 232 245 252 243 250 232 250
Sawtooth Wilderness ID 2.24 334 287 232 201 2.00 1.84 1.43 1.40 1.50 196 294  3.31
Scapegoat Wilderness MT  2.60 319 281 257 243 245 244 214 204 228 261 3.08  3.14
Selway-Bitterroot Wilderness ID 2.61 350 302 259 234 236 231 1.93 186 209 255 330  3.50
Seney Wilderness Ml 3.31 334 284 292 267 264 308 356 403 406 343 359 351
Sequoia NP CA 210 253 241 243 223 1.92 1.79 1.66 1.63 1.75 189 233 229
Shenandoah NP VA 3.19 307 283 279 253 305 341 354 393 385 321 295  3.07
Shining Rock Wilderness NC 355 328 302 294 271 337 387 409 446 437 376 330  3.39
Sierra Ancha Wilderness AZ 165 2.10 1.97 1.67 1.32 1.27 1.14 1.51 1.79 1.62 1.51 172 213
Simeonof Wilderness AK 425 426 408 364 38 391 433 501 518 454 380 402 433
Sipsey Wilderness AL 343 336 309 288 2580 328 366 388 390 392 359 327 344
South Warner Wilderness CA 256 362 308 272 235 229 212 1.90 1.92 197 230  3.05  3.44
St Marks Wilderness FL 379 373 342 342 337 351 400 413 438 417  3.81 3.71 3.80
Strawberry Mountain Wilderness OR  2.81 389 333 275 293 227 239 1.98 1.97 187 263 369  4.07
Superstition Wilderness AZ  1.61 2.05 1.92 1.63 1.29 1.25 1.12 1.48 1.74 1.58 1.47 168  2.09
Swanquarter Wilderness NC  2.99 290 270 264 250 287 320 335  3.51 335 314 282 286
Sycamore Canyon Wilderness AZ  2.06 235 230 224 202 1.99 1.91 197 200 203 202 1.91 2.04
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Class 1 Area ST
Teton Wilderness wy
Theodore Roosevelt NP ND
Thousand Lakes Wilderness CA
Three Sisters Wilderness OR
Tuxedni Wilderness AK
UL Bend Wildemess MT
Upper Buffado Wilderness AR
Ventana Wildemess CA
Virgin Islands NP (a) VI

Voyageurs NP MN
Washakie Wilderness wy
Weminuche Wilderness CcO
West Elk Wilderness CcO
Wheeler Peak Wilderness NM
White Mountain Wilderness NM
Wichita Mountains Wilderness OK
Wind Cave NP SD
Wolf Island Wilderness GA
Yellowstone NP wy
Yolla Bolly Middle Eel Wilderness CA
Yosemite NP CA
Zion NP uTt

a: f(RH) values for Virgin Islands National Park were not cal culated because of the limited RH data available.

Ann. Ave.
f(RH)
2.08
2.53
2.72
3.65
3.34
2.30
3.24
2.51
0.00
2.69
2.06
1.90
1.98
1.99
1.78
2.63
244
3.51
2.13
2.96
2.22
1.74

Jan.
f(RH)
2.53
2.86
3.81
4.47
3.53
2.71
3.30
3.21
0.00
2.79
2.50
2.38
2.25
2.34
2.09
2.72
2.52
3.40
2.54
3.95
3.28
2.65

Feb.
f(RH)
2.35
2.75
3.19
3.95
3.31
2.52
297
2.91
0.00
2.40
2.34
2.21
217
217
1.93
2.56
2.50
3.13
2.36
3.35
3.02
2.42

Mar.
f(RH)
2.24
2.76
2.91
3.61
2.85
2.50
2.72
2.76
0.00
2.37
2.23
1.85
1.93
1.87
1.57
2.40
245
3.05
2.27
3.14
2.78
1.97

Apr.
f(RH)
212
2.33
2.53
3.72
2.74
2.28
2.83
2.44
0.00
2.27
212
1.68
1.92
1.75
1.45
244
245
2.99
2.16
2.76
2.30
1.62

May
f(RH)
2.10
2.30
2.42
3.11
2.68
2.19
3.39
2.28
0.00
2.26
2.1
1.65
1.93
1.78
1.50
2.98
2.70
3.25
215
2.68
2.09
1.50

June
f(RH)
1.85
248
219
3.1
2.85
2.18
3.43
2.10
0.00
3.07
1.84
1.46
1.65
1.62
1.40
2.70
2.54
3.69
1.94
247
1.75
1.29

July
f(RH)
1.59
242
2.09
3.00
3.55
2.01
3.39
2.16
0.00
2.66
1.56
1.63
1.77
1.79
1.79
2.32
2.28
3.7
1.69
244
1.48
1.24

Aug.
f(RH)
1.51
2.15
2.14
2.91
4.00
1.79
3.39
2.25
0.00
2.96
1.49
1.97
2.07
2.19
2.01
2.53
2.25
4.09
1.59
2.50
1.47
1.41

Sep.
f(RH)
1.74
2.16
2.23
3.03
3.91
1.90
3.58
2.24
0.00
3.17
1.75
1.92
2.04
2.09
2.02
2.90
217
4.04
1.79
2.56
1.52
1.43

Oct.
f(RH)
2.02
2.32
2.43
3.79
3.50
2.20
3.30
2.39
0.00
2.60
2.00
1.71
1.79
1.77
1.69
2.62
2.22
3.74
2.08
2.70
1.84
1.57

Nov.
f(RH)
2.40
3.01
3.13
4.60
3.53
2.66
3.22
2.54
0.00
2.92
2.38
212
2.11
2.18
1.81
2.66
2.60
3.51
2.45
3.31
2.36
1.98

Dec.
f(RH)
2.48
2.99
3.53
4.57
3.66
2.68
3.34
2.90
0.00
2.80
2.46
2.28
2.16
2.30
212
2.78
2.55
3.48
2.51
3.62
2.80
2.41
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Monthly Average f(RH) Values for February (all weather stations shown)
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Relative Humidity
Wieinhting Factors

|

Bs55.60
Wsn-55
fas-50
O4n0-a5
Cz5-40
[lzn0-35
Wzs5-20
Wzn-z5
His5.20
Hi0-15

4 NS Site

0 WFs site
T IMPROVE Site

M casTHet Site

Monthly Average f(RH) Values for May (all weather stations shown).
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Wieinhting Factors

|

Bs55.60
Wsn-55
fas-50
O4n0-a5
Cz5-40
[lzn0-35
Wzs5-20
Wzn-z5
His5.20
Hi0-15

4 NS Site

0 WFs site
T IMPROVE Site

M casTHet Site

Monthly Average f(RH) Values for August (all weather stations shown).
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Relative Humidity
Wieinhting Factors

|

Bs55.60
Wsn-55
fas-50
O4n0-a5
Cz5-40
[lzn0-35
Wzs5-20
Wzn-z5
His5.20
Hi0-15

4 NS Site

0 WFs site
T IMPROVE Site

M casTHet Site

Monthly Average f(RH) Values for November (all weather stations shown).
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Appendix B

Default Natural b,_, dv, and 10™ and 90™ Percentile

extd

dv Values at All Mandatory Federal Class I Areas
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September 27, 2001

Mandatory Federal Class | Area

Acadia NP

Agua Tibia Wilderness

Alpine Lakes Wilderness
Anaconda-Pintler Wilderness
Arches NP

Badlands NM

Bandelier NM

Bering Sea Wilderness

Big Bend NP

Black Canyon of Gunnison NP
Bob Marshall Wilderness
Bosque del Apache Wilderness
Boundary Waters Canoe Area

Breton Wilderness

Bridger Wildemess in Bridger-Teton Forest

Brigantine Div. Of Forsythe NWR
Bryce Canyon NP

Cabinet Mountains Wilderress
Caney Creek Wilderness
Canyonlands NP

Cape Romain NWR

Capitol Reef NP

Caribou Wilderness

Carlsbad Caverns NP
Chassahowitzka NWR
Chiricahua NM

Chiricahua Wilderness
Cohutta Wildemess

Crater Lake NP

Craters of the Moon Wilderness
Cucamonga Wildemess
Denali NP

Desolation Wilderness
Diamond Peak Wilderness
Dolly Sods Wilderness

Dome Land Wilderness

Eagle Cap Wilderness

Eagles Nest Wilderness

Lat.

44.37
33.41
47.42
45.98
38.64
43.74
35.78
60.45
29.31
38.58
47.75
33.79
47.95
29.73
42.98
39.46
37.62
48.21
34.41
38.46
32.94
38.36
40.50
32.14
28.75
32.01
31.84
34.92
42.90
43.47
34.25
63.72
38.98
43.53
39.11
35.70
45.10
39.69

Lon.

-68.26
-116.98
-121.42
-113.42
-109.58
-101.94
-106.27
-172.79
-103.19
-107.70
-113.38
-106.83

-91.50

-88.88
-109.76

-74.45
-112.17
-115.71

-94.08
-109.82

-79.66
-111.05
-121.18
-104.48

-82.55
-109.39
-109.27

-84.58
-122.13
-113.55
-117.57
-148.97
-120.12
-122.10

-79.43
-118.19
-117.29
-106.25

bext
(Mm)
21.46
15.88
16.79
16.07
15.58
16.06
15.60
0.00
15.57
15.68
16.28
15.52
20.98
21.92
15.75
21.14
15.57
16.33
21.43
15.54
21.46
15.62
16.11
15.61
21.79
15.49
15.48
21.59
16.76
15.82
15.87
16.05
15.80
16.78
21.26
15.69
16.02
15.72

(dv)
7.64
4.62
5.18
4.74
4.43
4.74
4.45
0.00
4.43
4.50
4.87
4.40
7.41
7.85
4.54
7.49
4.43
4.90
7.62
4.41
7.64
4.46
4.77
4.45
7.79
4.38
4.37
7.70
5.16
4.59
4.62
4.73
4.57
5.18
7.54
4.51
4.71
4.52

(dv)
3.80
2.06
2.62
2.18
1.87
2.18
1.89
0.00
1.87
1.94
2.31
1.84
3.57
4.01
1.98
3.65
1.87
2.34
3.78
1.85
3.80
1.90
2.21
1.89
3.95
1.82
1.81
3.86
2.60
2.03
2.06
2.17
2.01
2.62
3.70
1.95
2.15
1.96

Ann. Avg. Best Days Worst Days

(dv)
11.48
7.18
7.74
7.30
6.99
7.30
7.01
0.00
6.99
7.06
7.43
6.96
11.25
11.69
7.10
11.33
6.99
7.46
11.46
6.97
11.48
7.02
7.33
7.01
11.63
6.94
6.93
11.54
7.72
7.15
7.18
7.29
7.13
7.74
11.38
7.07
7.27
7.08
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Mandatory Federal Class | Area

Emigrant Wilderness
Everglades NP

Fitzpatrick Wilderness

Flat Tops Wildemess

Galiuro Wildemess

Gates of the Mountain Wilderness
Gearhart Mountain Wildemess
Gila Wilderness

Glacier NP

Glacier Peak Wilderness
Goat Rocks Wildemess
Grand Canyon NP

Grand Teton NP

Great Gulf Wilderness

Great Sand Dunes NM

Great Smoky Mtns. NP
Guadalupe Mountains NP
Haleakala NP

Hawaii Volcanoes NP

Hells Canyon Wilderness
Hercules-Glades Wilderness
Hoover Wildemess

Isle Royale NP

James River Face Wilderness
Jarbridge Wilderness

John Muir Wilderness

Joshua Tree NP

Joyce Kilmer-Slickrock Wilderness
Kaiser Wilderness

Kalmiopsis Wildemess

Kings Canyon NP

La Garita Wilderness

Lassen Volcanic NP

Lava Beds Wilderness
Linville Gorge Wilderness
Lostwood Wilderness

Lye Brook Wilderness
Mammoth Cave NP

Lat.

38.20
25.39
43.27
39.97
32.56
46.87
42.49
33.22
48.51
48.21
46.54
35.97
43.68
44.31
37.73
35.63
31.83
20.81
19.43
45.34
36.69
38.14
47.99
37.62
41.89
37.39
34.03
35.43
37.28
4227
36.82
37.96
40.54
41.71
35.89
48.60
43.15
37.22

Lon.

-119.75
-80.68
-109.57
-107.25
-110.32
-111.81
-120.85
-108.25
-114.00
-121.04
-121.48
-111.98
-110.73
-71.22
-105.52
-83.94
-104.80
-156.28
-155.27
-116.57
-92.90
-119.45
-88.83
-79.48
-115.43
-118.84
-116.18
-84.00
-119.18
-123.93
-118.76
-106.81
-121.57
-121.34
-81.89
-102.48
-73.12
-86.07

bext
(Mm)
15.81
20.73
15.73
15.70
15.43
15.96
16.34
15.53
16.58
16.76
16.79
15.54
15.75
21.20
15.77
21.53
15.60
16.06
16.45
16.05
21.20
15.78
20.97
21.11
15.77
15.78
15.74
21.58
15.79
16.83
15.77
15.68
16.17
16.32
21.60
16.15
21.06
21.43

(dv)
4.58
7.29
4.53
4.51
4.34
4.68
4.91
4.40
5.06
5.16
5.18
4.41
4.54
7.51
4.56
7.67
4.45
4.74
4.98
4.73
7.51
4.56
7.40
7.47
4.56
4.56
4.54
7.69
4.57
5.20
4.56
4.50
4.81
4.90
7.70
4.79
7.45
7.62

(dv)
2.02
3.45
1.97
1.95
1.78
2.12
2.35
1.84
2.50
2.60
2.62
1.85
1.98
3.67
2.00
3.83
1.89
2.18
2.42
2.17
3.67
2.00
3.56
3.63
2.00
2.00
1.98
3.85
2.01
2.64
2.00
1.94
2.25
2.34
3.86
2.23
3.61
3.78

Ann. Avg. Best Days Worst Days

(dv)
7.14
11.13
7.09
7.07
6.90
7.24
7.47
6.96
7.62
7.72
7.74
6.97
7.10
11.35
7.12
11.51
7.01
7.30
7.54
7.29
11.35
7.12
11.24
11.31
7.12
7.12
7.10
11.53
7.13
7.76
7.12
7.06
7.37
7.46
11.54
7.35
11.29
11.46
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Mandatory Federal Class | Area

Marble Mountain Wilderness
Maroon Bels-Snowmass Wilderness
Mazatzal Wilderness

Medicine Lake Wilderness
Mesa Verde NP

Minarets (in Ansel Adams Wilderness)
Mingo Wilderness

Mission Mountain Wilderness
Mokelumne Wilderness
Moosehorn NWR

Mount Adams Wilderness
Mount Baldy Wilderness
Mount Hood Wilderness
Mount Jefferson Wilderness
Mount Rainier NP

Mount Washington Wilderness
Mount Zirkel Wilderness
Mountain Lakes Wilderness
North Absaroka Wilderness
North Cascades NP
Okefenokee NWR

Olympic NP

Otter Creek Wilderness
Pasayten Wildemess

Pecos Wilderness

Petrified Forest NP

Pine Mountain Wilderness
Pinnacles NM

Point Reyes NS

Pres. Range-Dry River Wilderness
Rawah Wildemess

Red Rock Lakes Wilderness
Redwood NP

Rocky Mountain NP

Roosevelt Campobello IP
Saguaro Wildemess

Salt Creek Wilderness

San Gabriel Wilderness

Lat.

41.52
39.15
33.92
48.50
37.20
37.65
36.98
47.40
38.58
45.12
46.19
34.12
45.38
44.55
46.76
44.30
40.55
42.34
44.77
48.54
30.74
47.32
39.00
48.85
35.93
35.08
34.31
36.49
38.12
44.21
40.70
44.67
41.56
40.28
44.88
32.25
33.61
34.27

-123.21
-106.82
-111.43
-104.29
-108.49
-119.20
-90.20
-113.85
-120.03
-67.26
-121.50
-109.57
-121.69
-121.83
-122.12
-121.87
-106.70
-122.11
-109.78
-121.44
-82.13
-123.35
-79.65
-120.52
-105.64
-109.77
-111.80
-121.16
-122.90
-71.35
-105.94
-111.70
-124.08
-105.55
-66.95
-110.73
-104.37
-117.94

bext
(Mm)
16.75
15.71
15.45
16.11
15.62
15.77
21.21
16.26
15.80
21.28
16.84
15.51
16.77
16.77
16.97
16.78
15.71
16.51
15.75
16.77
21.63
16.99
21.32
16.75
15.64
15.54
15.47
15.99
16.25
21.31
15.72
15.81
1717
15.64
21.28
15.37
15.58
15.87

(dv)
5.16
4.52
4.35
4.77
4.46
4.56
7.52
4.86
4.58
7.55
5.21
4.39
5.17
5.17
5.29
5.18
4.52
5.02
4.55
5.17
7.71
5.30
7.57
5.16
4.47
4.41
4.37
4.69
4.85
7.57
4.52
4.58
5.41
4.47
7.55
4.30
4.43
4.62

(dv)
2.60
1.96
1.79
2.21
1.90
2.00
3.68
2.30
2.02
3.71
2.65
1.83
2.61
2.61
2.73
2.62
1.96
2.46
1.99
2.61
3.87
2.74
3.73
2.60
1.91
1.85
1.81
2.13
2.29
3.73
1.96
2.02
2.85
1.91
3.7
1.74
1.87
2.06

Ann. Avg. Best Days Worst Days

(dv)
7.72
7.08
6.91
7.33
7.02
7.12
11.36
7.42
7.14
11.39
7.77
6.95
7.73
7.73
7.85
7.74
7.08
7.58
7.1
7.73
11.55
7.86
11.41
7.72
7.03
6.97
6.93
7.25
7.41
11.41
7.08
7.14
7.97
7.03
11.39
6.86
6.99
7.18
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Mandatory Federal Class | Area Lat. Lon. bext
(Mm)
San Gorgonio Wilderness 34.18 -116.90 15.80
San Jacinto Wilderness 33.75 -116.65 15.84
San Pedro Parks Wilderness 36.11 -106.81 15.62
San Rafael Wilderness 34.78 -119.83 16.02
Sawtooth Wilderness 44.18 -114.93 15.86
Scapegoat Wilderness 4717 -112.73 16.09
Selway-Bitterroot Wilderness 45.86 -114.00 16.10
Seney Wilderness 46.26 -86.03 21.38
Sequoia NP 36.50 -118.82 15.76
Shenandoah NP 38.52 -78.44 21.26
Shining Rock Wilderness 35.39 -82.78 21.62
Sierra Ancha Wilderness 33.82 -110.88 15.47
Simeonof Wilderness 54.92 -159.28 17.19
Sipsey Wilderness 34.34 -87.34 21.49
South Warner Wilderness 41.33 -120.20 16.07
St Marks Wilderness 30.12 -84.08 21.85
Strawberry Mountain Wilderness 44.30 -118.73 16.24
Superstition Wilderness 33.63 -111.10 15.44
Swanquarter Wilderness 35.31 -76.28 21.06
Sycamore Canyon Wilderness 34.03 -116.18 15.74
Teton Wilderness 44.09 -110.18 15.75
Theodore Roosevelt NP 47.30 -104.00 16.05
Thousand Lakes Wilderness 40.70 -121.58 16.17
Three Sisters Wilderness 44.29 -122.04 16.79
Tuxedni Wilderness 60.15 -152.60 16.59
UL Bend Wildemess 47.55 -107.87 15.90
Upper Buffao Wilderness 35.83 -93.21 21.31
Ventana Wildemess 36.22 -121.59 16.04
Virgin Islands NP (a) 18.33 -64.79 0.00
Voyageurs NP 48.59 -93.17 20.76
Washakie Wilderness 43.95 -109.59 15.74
Weminuche Wilderness 37.65 -107.80 15.64
West Elk Wilderness 38.69 -107.19 15.69
Wheeler Peak Wilderness 36.57 -105.42 15.69
White Mountain Wilderness 33.49 -105.83 15.56
Wichita Mountains Wilderness 34.74 -98.59 16.12
Wind Cave NP 43.55 -103.48 15.99
Wolf Island Wilderness 31.31 -81.30 21.57

(dv)
4.58
4.60
4.46
4.72
4.61
4.76
4.76
7.60
4.55
7.54
7.71
4.36
5.42
7.65
4.74
7.82
4.85
4.35
7.45
4.54
4.54
4.73
4.81
5.18
5.06
4.64
7.57
4.73
0.00
7.31
4.54
4.47
4.50
4.51
4.42
4.77
4.69
7.69

(dv)
2.02
2.04
1.90
2.16
2.05
2.20
2.20
3.76
1.99
3.70
3.87
1.80
2.86
3.81
2.18
3.98
2.29
1.79
3.61
1.98
1.98
217
2.25
2.62
2.50
2.08
3.73
217
0.00
3.47
1.98
1.91
1.94
1.95
1.86
2.21
2.13
3.85

Ann. Avg. Best Days Worst Days

(dv)
7.14
7.16
7.02
7.28
7.7
7.32
7.32
11.44
7.1
11.38
11.55
6.92
7.98
11.49
7.30
11.66
7.41
6.91
11.29
7.10
7.10
7.29
7.37
7.74
7.62
7.20
11.41
7.29
0.00
11.15
7.10
7.03
7.06
7.07
6.98
7.33
7.25
11.53
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Mandatory Federal Class | Area Lat. Lon.

Yellowstone NP 44.55 -110.40
Yolla Bolly Middle Eel Wilderness 40.11 -122.96
Yosemite NP 37.71 -119.70
Zion NP 37.25 -113.01

bext

(Mm™)

15.78
16.33
15.85
15.53

Ann. Avg. Best Days Worst Days

(dv)
4.56
4.91
4.60
4.40

(dv)
2.00
2.35
2.04
1.84

(dv)
7.12
7.47
7.16
6.96

(a) f(RH) valuesfor Virgin Islands Nationd Park were not calculated because of the limited RH data available. Assuch

no estimatesfor Natural Visibility Conditions are presented at this time.




