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1 EXECUTIVE SUMMARY

The Regional Haze Rule (EPA 1999) directs states to make efforts to improve visibility at Class |
areas, with the goal of reaching “natural conditions” in each Class I area, by 2064. Furthermore,
the U.S. Environmental Protection Agency (EPA) requires states to achieve a “reasonable rate of
progress” from current conditions to the goal of “natural conditions” by the end of 2064. The
EPA’s guidance for estimating natural visibility conditions (EPA 2003) defines a default
“natural” visibility target for each Class I area. However, the guidance document also provides
states with the option of developing a refined estimate of “natural” conditions.

In addition, because states must take into account their impact on Class I areas in other states
when determining necessary reduction, it becomes important that states work toward consensus in
developing “natural condition” targets for all common Class I areas.

The methodology used in creating the “natural” conditions estimates thus far proposed (both by
the EPA, and the Natural Conditions II committee [see Pitchford et al. 2006]) have issues. The
primary issue being their use of the Natural Background Levels of Aerosols table of estimated
particulate species concentrations, created by John C. Trijonis (1990b), in a way that is
inconsistent with Trijonis’ own statements of what these estimates were to represent (Trijonis
1990a and 1990b). Essentially, Trijonis stated that these numbers were intended to be used as
regional annual means. Therefore, the direct site-by-site use of these numbers, in creating the
“natural” conditions estimates thus far proposed, deviates from the intended, statistical nature of
Trijonis’ estimates.

This paper is an attempt to address this issue, and, in so doing, obtain more realistic, refined
estimates for “natural” conditions. The paper concludes that present levels of coarse mass (CM),
and fine soil are consistent with Trijonis’ “natural” conditions estimates, over the entire United
States (U.S.). In addition, the results of this paper provide refined “natural” conditions estimates
for all species important to regional haze, at all sites.
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Glossary

U.S. Environmental Protection Agency

Interagency Monitoring of Protected Visual Environments

Regional Annual Mean “Natural” Concentrations (of John C. Trijonis)
Elemental Carbon (defined by the revised IMPROVE algorithm)

Nitrate ion

Ammonium Nitrate (defined by the revised IMPROVE algorithm)
Sulfur (the element, but usually contained within a larger molecule)
Ammonium Sulfate (defined by the revised IMPROVE algorithm)
Organic Carbon (defined by the revised IMPROVE algorithm)

Organic Mass (defined by the revised IMPROVE algorithm)

Sea Salt (defined by the revised IMPROVE algorithm)

Fine Soil (defined by the revised IMPROVE algorithm)

Coarse Mass (PM;o-PM, 5, defined by the revised IMPROVE algorithm)

Extinction values attributable to each species (defined by the revised
IMPROVE algorithm)

The aerosol portion of bey, the sum of eEC through eCM

Site-specific Rayleigh gas scattering coefficient

The extinction coefficient, obtained via the revised IMPROVE algorithm
Haze Index = 10 In(bey/ IOMm'l)

Deciview (the units of the Haze Index)

Inverse Mega meters

Micrograms per cubic meter

Sulfate/Sulfur, Nitrate, Elemental Carbon

Reconstructed Fine Mass

Reconstructed Total Mass
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2 INTRODUCTION

The EPA, under direction from Congress, promulgated the Regional Haze Rule in 1999. This
rule directs states to make efforts to improve visibility at Class I areas, such that “natural
conditions, or the visibility conditions that would be experienced in the absence of human-caused
impairment” will be achieved, in each Class I area, by 2064 (EPA 1999). Furthermore, the EPA
requires a “reasonable rate of progress” from current conditions (as characterized in the base
period of 2000 through 2004) to the goal of “natural conditions” at the 2064 endpoint.

To help begin the regional haze planning process, the EPA issued guidance for estimating natural
visibility conditions (EPA 2003). This guidance defines a default “natural” visibility target for
each Class [ area. However, recognizing that this default may not be appropriate for every Class |
area, the guidance document also provides states with the option of developing a refined estimate
of natural conditions that better match a state’s understanding of its own Class I areas.

In addition, because states must take into account their impact on Class I areas in other states
when determining necessary reductions, it becomes important that states work toward consensus
in developing “natural condition” targets for all common Class I areas.

Since the EPA’s Natural Conditions guidance (EPA 2003) was written, the IMPROVE algorithm,
which is used to estimate visibility from particulate measurements, has been refined—thus
necessitating a reevaluation of the “natural” conditions estimates (Pitchford et al. 2006).

The more that is learned about the methodology used in creating the “natural” conditions
estimates thus proposed, as well as that proposed by the EPA’s guidance, the more apparent it has
become that the Natural Background Levels of Aerosols table of estimated particulate species
concentrations, created by John C. Trijonis (1990b, also displayed as Average Natural
Background Levels of Aerosols and Light Extinction in Trijonis 1990a), has been misused. In
these references, Trijonis stated that these numbers were intended to be used as regional annual
means. Therefore, the direct site-by-site use of these numbers, such as using them as “typical”
values (e.g., Pitchford et al. 2006), in creating the “natural” conditions estimates thus far
proposed, deviates from the intended, statistical nature of such.

This paper is an attempt to address this issue, and, in so doing, obtain more realistic, refined
estimates for “natural” conditions.

Basically, both the EPA’s approach, embodied in Guidance for Estimating Natural Visibility
Conditions Under the Regional Haze Rule (EPA 2003), and that of Pitchford et al. (2006)
apparently assume that Trijonis’ “natural” conditions concentration estimates may be used as
site-specific typical values. Such typical values are then either imposed as 1) definite upper
bounds on expected site-specific annual mean “natural” concentrations, or 2) it is supposed that
Trijonis’ error bounds actually represent the range of variability in annual mean “natural”
concentrations between sites within the region. The first approach (unfortunately, embodied in
both the EPA’s default “natural” visibility targets and the work of Pitchford et al.) is like saying
that because the mean price for an acre of land in the eastern U.S. is some given value, one should
be able to buy an acre of land in downtown Manhattan for that price. While the second approach
is more reasonable, it assumes that Trijonis had far more information available, or, in some other
way, could actually predict the distribution of measurements that have yet to be made.'

! This researcher has yet to see any work that uses this second approach. However, the possibility of this
approach was brought to this researcher’s attention through personal communication with Ivar Tombach.
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However, as will be seen, Trijonis was quite explicit that his estimates were intended to be used
as regional annual means.

In addition, the wording Trijonis uses, concerning his error factors, are expressions like
"uncertainty factor[s]," "uncertainty level[s]," “uncertainty in our estimate[s],” or "uncertainty in
[these] value[s]," when referring to his regional annual mean “natural” concentration (RAM-NC)
estimates (Trijonis 1990b). So it appears clear that Trijonis was referring to his RAM-NC
estimates as having the expressed error factors. While it is unfortunate that he did not ascribe
confidence levels to his error factors, it would probably have been unfair to ask for such: They,
too, would have simply been estimates.

Through the analysis of this paper, more reasonable site-specific estimates are attained by simply
taking Trijonis at his word, and using his RAM-NC estimates, along with their associated
error/uncertainty factors, as close to his expressed intentions as this researcher can interpret.

However, there are some issues regarding Trijonis> RAM-NC estimates, and/or with any attempt
to make them conform to the eastern and western regions that the EPA has used, which this paper
similarly adopts, primarily as an expedient. Fortunately, these issues are minor, compared to the
benefits of simply taking Trijonis at his word, and working accordingly. Besides, the
methodology of this paper is such that any refinements to the estimates, error bounds, and/or
regions (such as splitting the nation into additional smaller regions) can be easily incorporated.

2.1 Various Concepts of “Natural” Used in This Paper

While it is not the intent of this paper to elucidate various concepts of what is or is not “natural,”
the subject matter necessitates touching on a number of such. In order to help clarify the usage
within this paper, the following definitions are presented, along with the format used.

e Conceptual Definitions
o natural conditions: The generic concept as the layperson may understand such.’

o “natural conditions”: The statutory definition: “The visibility conditions that
would be experienced in the absence of human-
caused impairment.”?

o  Estimates (Numeric)
o ‘“natural” conditions: Numeric estimates of any given conceptual definition.

o “natural” conditions: John C. Trijonis’ RAM-NC estimates.

* While any given individual may consider that they know “exactly” what natural conditions are, it is
expected that when trying to explicitly determine such conditions (even simply in terms of what sources
should be included) there will likely be about as many answers and people to whom the question is posed.

? While statutory definitions attempt to be more specific that the associated generic concepts, they usually
need to be fleshed out with increasing specificity over time. Such is almost certainly the case with the
present definition of “natural conditions.”
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3 GUIDING PRINCIPLES AND ASSUMPTIONS

Since assumptions are arguably the best point of departure between various reasonable
approaches, this paper will try to make as many assumptions as explicit as reasonably possible.
The following are the major assumptions used.

e Trijonis’ estimates of concentrations of a number of species important to regional haze,
under natural conditions, as contained in Acidic Deposition: State of the Science and
Technology (Report 24: Trijonis 1990a and 1990b), is still the authoritative source.

e Scaling present measurement data is a reasonable way to obtain a surrogate dataset for
natural conditions.

e No additional, applicable information is available in creating the mappings from current
site multi-annual means to refined estimates of expected “natural” site multi-annual
means, than Trijonis’ estimates and error factors, and the current site multi-annual mean
concentrations.”

e This paper also assumes that the upper, larger error factors, provided by Trijonis (1990a
and 1990b), are absolute upper bounds (100 percent confidence level) on his estimates of
the uncertainly in his concentration estimates.’

The second and third assumptions are arguably the weakest, especially for species that are most
heavily impacted by “human caused impairment.” However, it should be noted that these
assumptions, along with the first, are used, at least implicitly, in both the work of Ames and
Malm (2001), and that of Pitchford et al. (2006).

In order to avoid the misunderstandings regarding the application of the Natural Background
Levels of Aerosols (Trijonis 1990b, or the Average Natural Background Levels of Aerosols and
Light Extinction in Trijonis 1990a), the following guiding scientific/statistical principles, which
will be used throughout this analysis, are explicitly presented:

1. One must remain true to the statistical nature of a given value (such as a target value) and
bounds.

2. If a quantity is already within the error bounds of a given target, there is no
scientific/statistical basis for further adjustment.

3. If a quantity falls outside the error bounds of a given target, then one should adjust said
quantity as little as reasonable in order to attain said target/bounds.

4. Any further adjustments must be supportable by further data and/or other information of
higher quality than was used to support the original target and bounds.

* It is possible to construct mappings that take into account any number of additional factors. This paper
takes this simple approach primarily due to time and resource constraints.

> Considering that Trijonis provided a range of error factors, for some of his estimates, it is not
unreasonable to expect that even his upper, larger error factors may represent something less than a 100
percent confidence level.
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4 REGIONAL ANNUAL MEAN “NATURAL” CONCENTRATIONS (RAM-NC)

Starting (Table 1) with the same estimates of natural concentrations as used by the EPA in the
Guidance for Estimating Natural Visibility Conditions Under the Regional Haze Rule (EPA
2003). These estimates, in fact, were taken directly® from Trijonis’ estimates (Trijonis 1990a and
1990b).

Table 1: RAM-NCs of Trijonis and the EPA®

Error Factor

East West (Smaller) (Larger)
Coarse Mass (CM) 3 3 1.5 2
Elemental Carbon (EC) | 0.02  0.02 2 3
Nitrate ion (NO;) 0.078 0.078 2 2
Organic Carbon (OC) 1 0.333 2 2
Sulfur (S) 0.056 0.029 2 2
fine Soil 0.5 0.5 1.5 2

* Concentrations are in pg/m’.

However, note that Trijonis expressed (Trijonis 1990a) that these values “are intended as overall
spatial averages for the East and for the arid areas of the West”’ (emphasis added), and are “on
an annual average basis” (the author’s emphasis). So, as asserted, Trijonis explicitly intended his
“natural” concentration estimates to be used as regional annual averages (means).

In addition, Trijonis explicitly excluded “shoreline areas,” and implicitly excluded at least some
of the central and northern Great Plains (perhaps more, even much of the Great Lakes and Mid
South).® However, as an expedient, this paper goes ahead and applies Trijonis’ estimates over the
entire east and west, as designated by the EPA, rather than the more narrow regions Trijonis
appears to suggest.” Unfortunately, one consequence of not leaving a gap between the regions,
unlike Trijonis’ regions, is the formation of discontinuities in estimated “natural” conditions, due
to differences in Trijonis’ eastern and western “natural” concentration estimates for organic
carbon/mass and sulfur/sulfate. "’

% The numbers in the EPA’s Guidance were “translated” to be consistent with the IMPROVE algorithm in
use at the time: Namely, the concentrations for nitrate, sulfate, and organic mass were scaled to “translate”
for the factors and chemical forms used.

In Table 1, re-expresses these estimates using the concentration of nitrate ion (NOj'), sulfur (S), and
organic carbon (OC), which are more directly measured, rather than the more usual ammonium nitrate,
ammonium sulfate, and organic mass (OMC); in order to avoid the vagaries of changing OMC/OC ratios,
and chemical forms of the nitrates and sulfates. However, since coarse mass (CM), elemental carbon (EC),
organic carbon (OC), and even fine soil are operationally defined by the IMPROVE algorithm, there is still
potential for things to change in the future.

’ It may be worth noting that just before Trijonis makes this statement (Trijonis 1990a), he points out that
“Within each of these two major subregions, one would expect some spatial variations in natural aerosol
levels.” Furthermore, he goes on to say that, for instance, “one would expect higher organic aerosols in the
Southeast than in the Northeast and in the Pacific Northwest than in the desert Southwest.”

¥ The author, understandably, was not explicit in defining his eastern and western regions.

% This author has found that the present regional annual mean concentrations of, at least, EC, OC, Soil, and
CM don’t appear to vary greatly with alternate choices of eastern and western regions, whether one uses the
EPA’s, or any of four different attempts at approximating Trijonis’ regions. On the other hand, the
advantage of using the EPA’s eastern and western regions is that no sites are excluded. So no sites require
separate treatment.

' Similar discontinuities are also present in the default EPA methodology, for the same reason.
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5 OBTAINING 20 PERCENT WORST HAZE INDEX ESTIMATES

In order to obtain estimates of the annual mean of the Haze Index over the 20 percent worst days,
under “natural conditions,” for a given site, we must know much more than these simple RAM-
NCs. Determining any mean over a percentile selected subset (e.g., 20 percent worst) requires, at
least, knowledge of the distribution from which the data comes (if not the data itself'"), not just
an overall mean.

The EPA’s Guidance for Estimating Natural Visibility Conditions Under the Regional Haze Rule
(EPA 2003) used the results of estimates obtained by Ames and Malm (2001). The resultant
estimates, though widely criticized, attempted to provide reasonable estimates of this mean by
obtaining average standard deviations from a surrogate “natural” conditions dataset.

The method Ames and Malm employed to create this surrogate dataset was to adjust/reduce
present IMPROVE-measured nitrate and sulfate concentration to match, on average, the Trijonis
concentrations in the east and west. However, they did not adjust concentrations of organic
carbon, elemental carbon, fine soil, or coarse mass, since they assumed that local concentrations
of these species, at Class I areas, already derive largely from natural sources.

More recently, Pitchford et al. (2006) have undertaken a similar attempt to create a surrogate
“natural” concentration dataset, with the primary goal of obtaining approximate statistics for the
revised IMPROVE algorithm.'> However, they adjusted all species, except sea salt, at all sites
for every year in the range 2000 through 2004 to separately average to the Trijonis concentrations
for the region.”> The application of this procedure has the consequence of removing nearly all
geographic and year-to-year variability in the site annual means that may reasonably be expected
to be representative of natural conditions. "

The remaining variability will be primarily due to sea salt (since it wasn’t adjusted), the east-west
dichotomy in Trijonis’ estimates of organic carbon/mass and sulfur/sulfate, and differences in
altitude (through the site-specific Rayleigh gas scattering coefficient) and/or humidity (through
the growth factors). So one would expect to see variation near the coasts, from sea salt; a
gradient between the east and west; and very little additional variation, except for mountains and
deserts.

Figure 1, from Pitchford et al. (2006), shows a contour plot of the mean Haze Index, over the 20
percent worst days, under their estimates for “natural” conditions at the IMPROVE protocol sites
shown. The figure shows the strong influence of sea salt on the West coast, with a smaller effect
on the East coast. Additionally, the figure shows a strong gradient between eastern monitors
within the light green (10.8—11.8 dv) area, and the western monitors within the blue (7.8-8.8 dv)
area. Yet, there are no monitors within the light blue and green areas (8.8-10.8 dv). Other than
these variations, there is very little variation between monitors within each region, except for the
Rocky Mountains and the desert southwest.

! There would be no need for any of these estimates, if real data for actual “natural conditions,” at all sites,
were available.

'2 A report describing the revised IMPROVE algorithm can be found in the Grey Literature section of the
IMPROVE web site IMPROVE 2006a).

1 However, if the annual mean of a species at a particular site was below the Trijonis concentration, for the
region, for a given year, they didn’t adjust the concentration.

'* Forcing each annual mean at a site over the given years to the same value eliminates any potential for
year-to-year variability in the annual means at the site. Additionally, forcing each annual mean at each site
within a region to the same value eliminates any potential for geographical variability in the annual means
between sites within the region. If it weren’t for the fact that they didn’t adjust the concentration for very
clean years, for some species at some sites, there would be no variability left in the site annual means.
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BT1 Protocol 0 .0 o
BRUI Protocol 0 0.0 57
CHCT Protoeol 0 0.0 .
DETR1 Protocol 0 0.0 ah

DOUB1 Protocol 0 0.0

FRES! Protocol 0 0.0

FRRE1 Protocol 0 0.0

HOUS1 Protosol 0 0.0

INGAT Protogol 0 1.0

LOPET Protocol 0 0.0

NEMO! Protocol 0 0.0

PETEl Protocol 0 0.0

PIT1 Protocol 0 0.0

RUBM Protocol 0 0.0

SHMII Protocol 0 O

Figure 1: Worst 20 Percent Natural Haze Levels 11

These results are very similar (except for the inclusion of sea salt) to the EPA default shown in
Figure 2."> The figure also contains a strong gradient between eastern monitors within the light
green (11-12 dv) area, and the western monitors within the darker blue (7—8 dv) area. Yet again,
there are no monitors within the light blue and green areas (8—11 dv), and even less variation
between monitors within each region.

Param: dv
Yolue: Worst 20% Default
File: QlA ne=mean+1.28s.txt

151 Contoured Sites
104 IMPROVE £
47 Protocol ¢

7 sitee aff the map
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RUBM Protocol 0 7.1

SHMII Protosol 0 7.0

Figure 2: Worst 20 Percent Default Natural Haze Levels

Unfortunately, Pitchford et al. are by no means the only ones to use Trijonis’ RAM-NCs as if
they were intended to be site-by-site, year-by-year typical values, rather than the regional annual
means Trijonis declared them to be (Trijonis 1990a and 1990b). At least one other researcher has
commented that the fact that some sites, in both the east and the west, have annual concentrations
less than Trijonis’ concentration estimates for coarse mass, fine soil, or even organic

' This figure is also from Pitchford et al. (2006), showing a contour plot of the mean Haze Index, over the
20 percent worst days, under the older EPA default estimates for “natural conditions” at the IMPROVE
protocol sites shown.
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mass/carbon, is an indication that Trijonis’ estimates for such species may be too low. However,
having some sites less than, and other sites greater than, a RAM-NC is what one should expect if
the region, as a whole, is very near such.

5.1 Creating a New Surrogate “Natural” Conditions Dataset

Both Ames and Malm (2001), and Pitchford et al. (2006) created surrogate “natural” conditions
datasets. Since many states desires to use the revised IMPROVE algorithm the Ames and Malm
dataset, which uses only the old IMPROVE algorithm, is inappropriate. Because the approach of
Pitchford et al. removes nearly all geographical and year-to-year variability in the site annual
means, within each of the regions, it is not a reasonable choice. Consequently, states have the
need to develop a more appropriate surrogate “natural” conditions dataset. The approach used, in
this paper, is a modification of the methodology employed by both Ames and Malm, and
Pitchford et al.

As a part of the modification of these prior methodologies, since natural conditions can be
expected to vary greatly from year-to-year (especially for meteorologically driven sources like
dust, biological activity, fires, etc.), it is advisable to average several years of data in obtaining
the annual means (of the regional annual means). Unfortunately, for those species that are most
strongly impacted by “human caused impairment” using too many years in such means could bias
the results due to embedded trends. So, like Pitchford et al., this work uses a five year period
from 2000 through 2004.

Therefore, when the annual means are taken (in the regional annual means) they will be taken at
each monitor for each good year from 2000 through 2004, and then averaged to obtain the multi-
annual mean for that monitor. This produces up to a five-year multi-annual mean for each
monitor. However, some monitors have fewer than three good years from 2000 through 2004, so
the statistics are not as robust as one may desire. (In fact, some monitors have only a single good
year within the range.)

5.1.1 Checking the IMPROVE-Measured Data Against RAM-NC

The data used for this paper is the IMPROVE summary data available through 2004 (updated
March 6, 2006), using the revised (new) IMPROVE algorithm (IMPROVE 2006b). The author
chose only actual, non-patched/substituted observations, within “good years” from 2000 through
2004 (where a good year is determined from the ‘good year’ flag within the IMPROVE
dataset).'® This will be the current conditions dataset used throughout this work.

Unfortunately, this IMPROVE data extraction is, apparently,'” different from that used by
Pitchford et al. The differences in the annual means are only in the sulfate (and values that
depend on sulfate). So, it is possible that the only difference between the two datasets is a change
in how sulfate was calculated between the time of this IMPROVE data extraction and that of
Pitchford et al.

'® Rodger Ames, in personal communication, indicated that this was the selection criteria used by the
Natural Conditions II committee’s work. Since this work is intended to differ primarily in more properly
adhering to the statistical nature of Trijonis’ RAM-NCs, every attempts was made to use as close to the
same data as possible.

'" The comparison was limited to annual, lower, middle, and upper 20 percentile means of concentrations,
extinctions, and the Haze Index of current conditions obtained from our IMPROVE data extraction
compared to that of Pitchford et al, contained in their “naturallevelsll.xIs” file, available at
<http://vista.cira.colostate.edu/datawarehouse/improve/docs/naturallevelsIl.x1s>.
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This current conditions dataset is already converted from the measured nitrate ion, sulfur element,
and organic carbon, to the assumed forms and multipliers of the revised IMPROVE algorithm.
So the data will be expressed in these terms, using the abbreviations ANQ; for ammonium
nitrate, ASO,4 for ammonium sulfate, and OMC for organic mass. The relationships between
these species and the measured nitrate ion (NOs ), sulfur element (S), and organic carbon (OC)
are given by: ANO; =1.29 NO;", ASO,=4.125 S, and OMC = 1.8 OC.

Consistent with the previously stated guiding scientific/statistical principles, species that are
already consistent with (within the error bounds of) the RAM-NC estimates (targets), should not
be modified'® (principle #2)". The first step is to look at the regional annual means of the
current conditions dataset.

When taking these regional means, the most obvious method would be to create some kind of
interpolating surface over the regions to enable a spatial (regional) mean via an integral of this
surface. The result of this process would be to decrease the weight of measurements taken in
locations with a higher density of monitors, while increasing the weight of measurements taken in
locations with a sparse monitor density. However, it is not apparent what interpolating surface
would provide the most realistic weighting of the monitors.

Because of this uncertainly, and time limitations, this paper will take a simple arithmetic mean of
the “Rural” monitors (as given in Table 9: IMPROVE Site Groups Used in the Analysis (from
DeBell 2006)) in the current conditions dataset (essentially the same monitors®' used by Pitchford
et al. in creating Figure 1), and remember the biases caused by varying monitor density.

Table 2: Ratio of Regional Annual Means to Trijonis’ RAM-NC Estimates shows that coarse
mass and fine soil are already consistent with the Trijonis RAM-NCs, for both the eastern and
western U.S. However, this result may seem surprising for the western region, given that the
regional means used here actually over represent the arid southwest, as can be seen by looking at
the monitor density on the map of Figure 11, where a high incidence of dust storms occur
(Washington et al. 2003).

Table 2: Ratio of Regional Annual Means to Trijonis’ RAM-NC Estimates

EC ANO; [ ASO; [ OMC | Soil | CM
Eastern U.S. 16.49 10.94 17.28 1.52 | 1.11 1.66
Western U.S. 7.65 4.88 8.57 2.60 | 145 1.47
Error (Smaller) 2 2 2 2 1.5 1.5
Factor (Larger) 3 2 2 2 2 2

What may be more surprising is that the organic mass is consistent with natural conditions in the
eastern U.S. (using Trijonis’ estimates and error bounds), considering the high density of fossil
fuel, and residential and industrial biofuel use there (e.g., Park et al. 2003, and 2007). What
makes this even more surprising is that the monitor density is highest in the northeast, as can be

'8 As with the method of Pitchford et al., this work considers sea salt measurements to be already consistent
with natural conditions, since there are neither independent estimates nor cause to expect otherwise (with
some possible exceptions, since sea salt concentrations within the revised IMPROVE algorithm are
determined from chlorine or chloride ion concentrations).

" Principle #2: If a quantity is already within the error bounds of a given target, there is no
scientific/statistical basis for further adjustment.

2% Adhering to principle #1: One must remain true to the statistical nature of a given value (such as a target
value) and bounds.

*! Breton Island is one exception, since it had no good years of data from 2000 through 2004.
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seen from the map of Figure 11, wherein lies the highest density of such sources. So this area is
actually overrepresented in the eastern regional annual mean.

If the east is considered to be consistent with natural conditions for organic mass (given the
greater anthropogenic contribution there), then one would expect the west (with its far lower
density of similar emissions) should also be, as well. However, as shown in Table 2, the west is
outside the error bounds, and, therefore, not consistent with natural conditions (using Trijonis’
estimates and error bounds).

This counterintuitive result suggests that either the western RAM-NC for organic mass/carbon is
too low (which it may be, due to Trijonis not fully accounting for fires that should be counted
among “natural conditions”), or the eastern RAM-NC for organic mass/carbon is too high (so the
consistency with natural conditions is including too much fossil fuel and biofuel use).

5.1.2 Consistent with Natural Conditions vs. is af Natural Conditions

While the entire U.S. (east and west) is consistent with “natural” conditions for coarse mass, and
fine soil (as well as organic carbon/mass, in the eastern U.S.), this does not necessarily imply that
all monitors are actually measuring only natural contributions to these species. It only means that
either anthropogenic contributions are sufficiently small, when averaged over the entire region, or
that the estimates of “natural” concentrations are too high or have too much uncertainty, at this
time.

In nowise should this imply that mitigation against anthropogenic contributions to these species
should not be continued or initiated. It only means that the present understanding of what to
expect for the “natural” concentrations of these species indicates the data is consistent with such
concentrations. To go any further in this regard will require more and better information (via data
gathering, analysis, modeling, etc.). This is the fourth scientific/statistical principle, as previously
stated.

5.1.3 Adjusting/Scaling the Other Species to “Natural” Levels

The next step is to adjust the species that are not consistent with expected “natural” conditions:
elemental carbon, nitrate, and sulfate/sulfur for the entire U.S.; and organic mass/carbon for the
western U.S. However, adjustment of present-day measurements for these species that are
dominated by anthropogenic sources, with the possible exception of organic mass/carbon in the
west, to a dataset that approximates the removal of all such sources involves a high degree of
uncertainty.

Of the infinite possible approaches, this paper uses a simple method similar to that used by Ames
and Malm (2001), and Pitchford et al. (2006). Consistent with this paper’s first
scientific/statistical principle,** the data were scaled such that the resultant regional annual means
were made consistent with the “natural” concentration estimates. Similar to Pitchford et al.,
values were not adjusted for monitors that already had very clean annual mean concentrations.
However, the difference between the method used in this paper and that of Pitchford et al., is in
the way this paper maintains both the regional annual mean nature of the RAM-NC estimates, and
in its attempt to minimize the adjustment (principle #3). To adjust present regional annual mean
concentrations to estimates of “natural” concentrations, a mapping from the present multi-annual
mean concentration at a site to an expected/target multi-annual mean at the site is created for each

*2 Principle #1: One must remain true to the statistical nature of a given value (such as a target value) and
bounds.
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region (over the entire region) and species, with multi-annual means over the entire time period
(the years 2000 through 2004).%

For simplicity, the map chosen is piecewise linear, and continuous, having only two segments:
An identity (unit slope) segment from zero up through the RAM-NC, multiplied by Trijonis’
smaller error factor, for the species and region; followed by a second linear segment, attached to
the first, that has a slope between zero (truncated) and one (identity). (See Figure 3: Data
Adjustment Mapping to "Natural" Conditions.)

Note: Pitchford et
= al. adjusted on a
2 per year basis (for

4 each site), rather
ke than using the

e same adjustment
7 for all years in the

i e multi-annual site
7 mean.
./

Target Site Multi-Annual Mean

articular site

RAM-NC

A

Current Site Multi-Annual Mean

- Upper Bound (ident.) — — —~ Lower Bound (trunc.)
Representative Map "~ Pitchford et al.

Figure 3: Data Adjustment Mapping to "Natural" Conditions

The slope of the second segment is chosen such that the regional, multi-annual mean is no more
than the RAM-NC multiplied by Trijonis’ larger error factor for the species and region. The
results of this procedure are slopes given in Table 3: Second Segment Slopes of the Adjustment
Mapping (where the slopes for the species that are already consistent with “natural”
concentrations, as previously noted, are included**).

Table 3: Second Segment Slopes of the Adjustment Mapping

EC | ANO; | ASO, | OMC | Ss Seil | CM

East | 0.069 | 0 0 1 1 1 1

West | 0.177 ] 0054 | 0 0.143 | 1 1 1

The result of this mapping is a target multi-annual mean concentration for each species at each
monitor in each region. The ratio of this target multi-annual mean to the present multi-annual
mean is the scale factor that is applied to (multiplied by) the present concentrations in order to
obtain the “natural” concentrations of our surrogate “natural” conditions dataset.”

3 For greater detail, see Appendix A: DETAILS OF THE DATA ADJUSTMENT MAPPING TO
"NATURAL" CONDITIONS.

** It may be of interest to note that the slopes for all but sea salt were actually calculated via this procedure,
so the unit slopes (1) for organic mass/carbon, fine soil, and coarse mass come naturally.

* As a result, the multi-annual mean “natural” concentration for each species at each monitor is now the
target multi-annual mean concentration determined by the mapping. Therefore, the annual NCII” means
for each species, as found in Table 7 and Table 8, for instance, are these target multi-annual mean
concentrations.
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6 RESULTS AND CONCLUSIONS

At this point, it is probably worth noting that a zero slope for the second segment in the mapping
to “natural” conditions, of the previous section (Table 3: Second Segment Slopes of the
Adjustment Mapping), will generally result in rather geographically uniform annual means, over
the region. Unfortunately, this results in a step discontinuity between the east and west for
“natural” sulfate/sulfur. In addition, the small slope for western organic mass/carbon along with
the large difference in the estimated RAM-NC leads to a significant discontinuity in “natural”
organic mass/carbon, as well.

However, these discontinuities would not be much of a problem if researchers restricted
themselves to the regions Trijonis’ apparently intended, since there would then be a gulf between
these two regions (that would then need to be interpolated, or “filled in” in some other way).
However, this issue only appears for sulfate/sulfur and organic mass/carbon, both of which have
modeling and data analysis results (e.g., Park et al. 2003, 2004, 2006, and 2007) that suggest east
vs. west ratios far closer to one-to-one than the Trijonis ratios. This suggests the RAM-NCs of
sulfate/sulfur and organic mass/carbon may need adjustment.

The annual means, obtained with this paper’s methodology, averaged over the Rural IMPROVE
Site Groups® are shown in Table 5: Rural West Average Annual Concentrations, and Table 6:
Rural East Average Annual Concentrations. Throughout all the following tables and figures,
NCII stands for Natural Conditions II committee (the Pitchford et al. group), while NCII” refers
to this work (as a modified Natural Conditions II effort). The current conditions reported are
calculated from the current conditions dataset,”’ while the NCII values are taken directly from the
Pitchford et al. result dataset.*®

Now that a surrogate “natural” conditions dataset exists, it is possible to ask the important
question from the standpoint of the Regional Haze Rule: What are the site-specific means of the
Haze Index over the 20 percent worst days under “natural conditions™? Although an answer is
available for all sites included in the analysis (with the caveat that sites with less than three years
of good data, from 2000 through 2004, are less statistically robust), the examples provided are of
Texas’ two Class I areas, shown in Table 7 and Table 8; with the extinction contributions on the
20 percent worst days, shown in Figure 4: Big Bend: Extinction Contributions on 20 Percent
Worst Days and Figure 5: Guadalupe Mountains: Extinction Contributions on 20 Percent Worst
Days. The resultant glide paths, for the 20 percent worst days, are shown in Figure 6: Big Bend
Glide Path and Figure 7: Guadalupe Mountains Glide Path.

* The IMPROVE Site Groups are listed in Table 9: IMPROVE Site Groups Used in the Analysis (from
DeBell 2006), and displayed in Figure 11: IMPROVE Aerosol Network, in IMPROVE Site Groups Used.

27 Recall that the current conditions dataset excludes all substituted observations, so the current conditions,
thus calculated, are more comparable to the NCII” values. However, this causes the various current
conditions means to differ, somewhat, from those calculated using the fully substituted IMPROVE data
extraction. In fact, the absence of substituted observations causes some of the good years, given by the
‘good_year’ flag, to no longer be complete years, by EPA guidance.

B8 <http://vista.cira.colostate.edu/datawarehouse/improve/docs/naturallevelsIL.xls>. The Haze Index, which
they label with ‘dv’, is herein labeled ‘“HI’. (The other labeling changes should be rather apparent.) NCII
values for bey, RCFM (Reconstructed Fine Mass), and RCTM (Reconstructed Total Mass) are calculated
from their values. As a further note, some of the 20 percent worst mean Haze Index numbers in their
<naturallevelsIl.xIs> file differ from those in their <nc_summary.xls> file (‘G90 NC’ @ ‘dv’ vs. ‘ng90°).
The latter file is found at <http://vista.cira.colostate.edu/datawarehouse/improve/docs/nc_summary.xIs>.
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It may be of interest to note the increase in coarse mass and fine soil mean extinction values, and
concentrations, in the means of the 20 percent worst estimated “natural” days, compared to those
of current conditions. These species were not adjusted in any way. The increase is due to the fact
that days contained in the 20 percent worst group are now driven far more by dust storms.
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Figure 6: Big Bend Glide Path Figure 7: Guadalupe Mountains Glide Path
NCII stands for Natural Conditions II committee (the Pitchford et al. group).
Note that the curves for “This Work™ and “w/ Adj. RAM-NC” (the curve including adjustments to Trijonis’
RAM-NC) are practically on top one another. Similarly, for the curves “Zero S, N, EC” (zeroed out
sulfate/sulfur, nitrate, and elemental carbon) and “Zero S, N, EC w/ Adj. RAM-NC”.

Since (as seen in Table 4: Percent of "Natural” Aerosol Extinction (abext), in 20 Percent Worst
Days) over 80 percent of the mean “natural” aerosol extinction, over the 20 percent worst
(“natural”) days, is given by coarse mass, organic mass/carbon, and fine soil (only organic
mass/carbon was adjusted from present conditions), it appears that choosing a different mapping
for ammonium sulfate (sulfur), ammonium nitrate (nitrate ion), and elemental carbon is unlikely
to change the 20 percent worst “natural” Haze Index (2064 endpoint) much. In fact, a run has
been executed wherein all sulfate/sulfur, nitrate, and elemental carbon (S, N, EC) were zeroed out
(“Zero S, N, EC”). In this case, the mean Haze Index for the 20 percent worst “natural” days is
10.82 dv for Big Bend and 13.74 dv for Guadalupe Mountains.
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Table 4: Percent of ""Natural" Aerosol Extinction (ab.), in 20 Percent Worst Days

Big Bend | Guadalupe Mountains
Coarse Mass (CM) 40.3 54.5
Organic Mass (OMC) 30.1 18.7
Fine Soil 13.9 14.8
Subtotal 84.3 88.0
Ammonium Nitrate (ANQO;) | 6.9 5.4
Ammonium Sulfate (ASQ,) 5.2 4.5

Additionally, the dominance of coarse mass, in this refined estimate of “natural” visibility (for the
20 percent worst days) noted in Table 4, corresponds with Trijonis’ own assessment that “coarse

mass is important with respect to non-Rayleigh extinction levels in the West” (the author’s
emphasis, Trijonis 1990b).

Another surrogate “natural” conditions dataset was calculated where organic mass/carbon was
treated as consistent with natural conditions, and both the eastern and western sulfate/sulfur
RAM-NC estimates were taken as just below the halfway point between the Trijonis eastern and
western RAM-NC estimates. This dataset is referred to as “w/ Adj. RAM-NC”, for this work
with adjusted RAM-NC. The zeroed out S, N, EC version of this dataset is referred to as “Zero S,
N, EC w/ Adj. RAM-NC”. The difference is very minor for the Texas Class I areas, as illustrated
in Figure 6 and Figure 7. However, Figure 8: Wichita Mountains Glide Path shows that the
difference can be rather dramatic for some locations.
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Figure 8: Wichita Mountains Glide Path Y

In Figure 8, the difference between the “Zero S, N, EC w/ Adj. RAM-NC” line and the “Zero S,
N, EC” line is only in whether organic carbon/mass is treated as already consistent with natural
conditions in the western U.S., since sulfur/sulfate is set to zero in both cases. Therefore, this

shows how sensitive some sites can be to where the organic carbon/mass RAM-NC estimate
(target) is set.

As an illustration of the inequity inherent in the three-to-one ratio of the present Trijonis RAM-
NC estimates for organic carbon/mass, at least when using the EPA eastern and western regions,
one need only compare the results for Wichita Mountains to that of sites just to the east of
Wichita Mountains, over the imaginary east-west border. Here are sites with significantly higher
multi-annual mean concentrations of organic carbon/mass, and yet, due to the three-to-one ratio
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of the present Trijonis RAM-NC estimates, these sites are treated as consistent with natural
conditions for organic carbon/mass.

So, by adjusted the present IMPROVE measured concentrations to create a surrogate “natural”
conditions dataset, this paper has been able to investigate some of the most important features of
the “natural conditions” endpoint of 2064. For a few sites, some additional interesting features
have been seen, such as the increasing importance of dust storms in determining the 20 percent
worst days, under these refined estimates of “natural” conditions. In fact, the availability of this
dataset, as opposed to simply a few numbers that characterize the mean concentrations, along
with some characterization of the distribution of the Haze Index (like a standard deviation or
something similar), under natural conditions, one has the ability to ask a number of other
interesting questions.

However, along this investigation, this paper has pointed out a few issues that need to be
addressed in the future (see the Suggestions for Future Work section).

Table 5: Rural West Average Annual Concentrations (j1g/m’)

IMPROVE Site Group | Data EC ANO; ASO, OMC Ss Soil CM
Alaska Current 0.07 0.08 0.55 0.78 043 0.13 2.25
NCII' 0.05 0.08 0.24 0.78 043 0.13 2.25
NCII 0.02 0.08 0.12 0.57 0.43 0.13 1.93
California Coast Current 0.19 1.04 1.44 1.77 0.82 0.41 6.89
NCII' 0.07 0.25 0.24 1.28 0.82 041 6.89
NCII 0.02 0.10 0.12 0.60 0.82 0.37 3.00
Central Great Plains Current 0.16 1.32 1.70 1.61 0.01 0.61 6.33
NCII' 0.06 0.26 0.24 1.26 0.01 0.61 6.33
NCII 0.02 0.10 0.12 0.60 0.01 0.50 3.00
Central Rockies Current 0.10 0.23 0.70 1.11 0.01 0.70 3.04
NCII' 0.05 0.19 0.24 1.08 0.01 0.70 3.04
NCII 0.02 0.10 0.12 0.60 0.01 0.49 245
Colorado Plateau Current 0.12 0.27 0.86 1.11 0.01 0.80 3.50
NCII' 0.05 0.20 0.24 1.06 0.01 0.80 3.50
NCII 0.02 0.10 0.12 0.60 0.01 0.50 2.78
Columbia River Gorge | Current 0.33 1.12 1.32 2.82 0.14 0.57 6.26
NCII' 0.09 0.25 0.24 143 0.14 0.57 6.26
NCII 0.02 0.10 0.12 0.60 0.14 0.45 3.00
Death Valley Current 0.12 0.33 1.14 1.21 0.02 1.56 8.79
NCII' 0.05 0.21 0.24 1.20 0.02 1.56 8.79
NCII 0.02 0.10 0.12 0.60 0.02 0.50 3.00
Great Basin Current 0.10 0.16 0.58 1.18 0.02 0.74 3.50
NCII' 0.05 0.16 0.24 1.18 0.02 0.74 3.50
NCII 0.02 0.10 0.12 0.60 0.02 0.50 2.89
Hawaii Current 0.06 0.18 1.52 0.59 0.27 0.19 2.33
NCII' 0.04 0.15 0.24 0.59 0.27 0.19 2.33
NCII 0.02 0.10 0.12 0.51 0.27 0.19 2.18
Hells Canyon Current 0.16 045 0.60 2.06 0.02 0.55 3.01
NCII' 0.06 0.19 0.24 1.32 0.02 0.55 3.01
NCII 0.02 0.10 0.12 0.60 0.02 0.47 2.63
Mid South Current 0.25 1.33 2.74 2.37 0.03 0.73 6.62
NCII' 0.08 0.26 0.24 1.37 0.03 0.73 6.62
NCII 0.02 0.10 0.12 0.60 0.04 0.50 3.00
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IMPROVE Site Group | Data EC ANO; ASO, OMC Ss Soil CM
Mogollon Plateau Current 0.16 0.30 1.04 1.45 0.02 1.19 5.04
NCII' 0.06 0.20 0.24 1.22 0.02 1.19 5.04
NCII 0.02 0.10 0.12 0.60 0.02 0.50 2.93
Northern Great Plains | Current 0.13 0.52 1.12 1.50 0.01 0.56 4.58
NCII' 0.06 0.21 0.24 1.24 0.01 0.56 4.58
NCII 0.02 0.10 0.12 0.60 0.01 0.47 2.92
Northern Rockies Current 0.14 0.19 0.60 1.88 0.01 0.45 2.53
NCII' 0.06 0.17 0.24 1.30 0.01 045 2.53
NCII 0.02 0.10 0.12 0.60 0.01 0.41 2.23
Northwest Current 0.16 0.23 0.77 1.54 0.06 0.23 1.56
NCII' 0.06 0.17 0.24 1.19 0.06 0.23 1.56
NCII 0.02 0.10 0.12 0.60 0.06 0.23 1.57
Not Assigned Current 0.23 0.60 0.85 1.83 0.06 1.56 8.81
NCII' 0.07 0.22 0.24 1.29 0.06 1.56 8.81
NCII 0.02 0.10 0.12 0.60 0.06 0.50 3.00
Oregon and Northern Current 0.14 0.20 0.62 1.72 0.15 0.36 2.14
California NCIT' 0.06 0.18 0.24 1.28 0.15 0.36 2.14
NCII 0.02 0.10 0.12 0.60 0.15 0.33 2.06
Sierra Nevada Current 0.22 0.93 1.14 2.34 0.03 0.68 573
NCII' 0.07 0.24 0.24 1.36 0.03 0.68 5.73
NCII 0.02 0.10 0.12 0.60 0.03 0.48 2.96
Southern Arizona Current 0.17 0.46 1.37 1.34 0.07 1.88 8.63
NCII' 0.06 0.21 0.24 1.19 0.07 1.88 8.63
NCII 0.02 0.10 0.12 0.60 0.07 0.50 3.00
Southern California Current 0.30 2.01 1.70 2.10 0.06 0.82 7.61
NCII' 0.09 0.30 0.24 1.33 0.06 0.82 7.61
NCII 0.02 0.10 0.12 0.60 0.07 0.50 3.00
West Texas Current 0.13 0.52 2.11 1.29 0.03 1.69 9.41
NCII' 0.06 0.22 0.24 1.20 0.03 1.69 941
NCII 0.02 0.10 0.12 0.60 0.03 0.50 3.00
Total Average Current 0.15 0.49 1.03 1.56 0.08 0.72 442
NCII' 0.06 0.20 0.24 1.20 0.08 0.72 442
NCII 0.02 0.10 0.12 0.60 0.08 043 2.62
Table 6: Rural East Average Annual Concentrations (ug/m3)
IMPROVE Site Group | Data EC ANO; ASO, OMC Ss Soil CM
Appalachia Current 0.38 0.83 5.69 3.11 0.04 0.54 3.05
NCII' 0.06 0.20 0.46 3.11 0.04 0.54 3.05
NCII 0.02 0.10 0.23 1.80 0.04 0.47 2.58
Boundary Waters Current 0.18 0.72 1.81 1.76 0.03 0.28 2.65
NCII' 0.05 0.20 0.46 1.76 0.03 0.28 2.65
NCII 0.02 0.10 0.23 1.69 0.03 0.28 2.60
Central Great Plains Current 0.32 2.48 3.13 2.61 0.06 0.64 8.07
NCII' 0.06 0.20 0.46 2.61 0.06 0.64 8.07
NCII 0.02 0.10 0.23 1.80 0.06 0.50 3.00
East Coast Current 0.36 091 4.95 2.80 0.18 0.46 6.35
NCII' 0.06 0.20 0.46 2.80 0.18 0.46 6.35
NCII 0.02 0.10 0.23 1.80 0.18 045 3.00
Mid South Current 0.32 1.14 391 3.40 0.04 0.82 7.59
NCII' 0.06 0.20 0.46 3.40 0.04 0.82 7.59
NCII 0.02 0.10 0.23 1.80 0.04 0.50 3.00
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IMPROVE Site Group | Data EC ANO; ASO;, OMC Ss Soil CM
Northeast Current 0.29 0.60 3.30 2.29 0.15 0.34 3.25
NCIT' 0.06 0.20 0.46 2.29 0.15 0.34 3.25
NCII 0.02 0.10 0.23 1.77 0.15 0.33 2.57
Ohio River Valley Current 0.46 1.57 5.76 3.40 0.04 0.64 4.88
NCII' 0.07 0.20 0.46 3.40 0.04 0.64 4.88
NCII 0.02 0.10 0.23 1.80 0.04 0.49 2.96
Southeast Current 0.38 0.49 425 3.33 0.14 0.72 5.20
NCIT' 0.06 0.20 0.46 3.33 0.14 0.72 5.20
NCII 0.02 0.10 0.23 1.80 0.14 0.49 3.00
Virgin Islands Current 0.09 0.20 1.22 0.35 0.84 1.98 13.26
NCII' 0.04 0.20 0.46 0.35 0.84 1.98 13.26
NCII 0.02 0.10 0.23 0.35 0.84 0.50 3.00
Total Average Current 0.33 1.09 3.97 2.73 0.10 0.56 497
NCIT' 0.06 0.20 0.46 2.73 0.10 0.56 497
NCII 0.02 0.10 0.23 1.76 0.10 0.43 2.78
Table 7: Means for Big Bend NP (4 years of good data, Rayleigh,=10 Mm™")
Annual 20 Percent Best 20 Percent Worst
Parameter NCII NCII'Currentf NCIIT NCII'Currentf NCII NCII'" Current| Units
EC 0.02 0.06 0.13 0.01 0.03 0.07 0.02 0.08 0.21 ug/m3
ANO; 0.10 0.20 0.26 0.04 0.08 0.11 0.15 0.39 0.47 ug/m3
ASO, 0.12 0.24 2.71 0.06 0.10 0.83 0.12 0.32 5.19 pg/m3
OMC 0.60 1.21 1.26 0.31 0.47 0.51 091 2.18 2.36 ug/m3
Ss 0.03 0.03 0.03 0.00 0.01 0.03 0.04 0.04 0.03 ug/m3
Soil 0.50 1.32 1.32 0.09 0.29 0.38 1.38 3.38 2.54 ug/m3
CM 3.00 6.72 6.72 0.63 1.78 2.32 7.82 1 16.36 ¢ 11.71 pg/m3
RCFM 1.37 3.06 5.71 0.51 0.97 1.93 2.62 6.38 ¢ 10.79 pg/m3
RCTM 4.37 9.78 + 1243 1.14 2.75 425 1044 2273 2250 | pg/m
eEC 0.20 0.56 1.28 0.11 0.30 0.65 0.27 0.76 2.12 | Mm™
eANO; 0.44 0.89 1.16 0.18 0.38 0.50 0.82 1.69 2.05 | Mm’!
eASQO, 0.47 098 @ 12.85 0.19 0.41 3.55 0.59 126 26.10 | Mm™
eOMC 1.77 3.79 3.96 0.68 1.37 1.48 3.23 7.32 7.97 | Mm™
eSs 0.11 0.11 0.11 0.02 0.02 0.10 0.38 0.12 0.10 | Mm™
eSoil 0.50 1.32 1.32 0.11 0.29 0.38 1.23 3.38 2.54 | Mm
eCM 1.80 4.03 4.03 0.48 1.07 1.39 423 9.81 7.03 | Mm’!
abg 528 i 11.67 i 24.69 1.77 3.82 8.06 | 10.76 2434 1 47.89 | Mm"
Dext 1528 + 21.67 3469 | 11.77  13.82 @ 18.06 | 20.76 3434 @ 57.89 | Mm’
HI 4.02 7.15 ¢ 11.57 1.62 3.20 5.78 7.16 ¢ 11.97 | 17.30 | dv

eEC through eCM are the extinction values attributable to each species.
ab.y; 1s the aerosol portion of the extinction (the sum of eEC through eCM).
HI is the Haze Index = 10 In(be/10Mm™).
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Table 8: Means for Guadalupe Mountains NP (5 years of good data, Rayleigh,=9 Mm™)

Annual 20 Percent Best 20 Percent Worst

Parameter NCII. NCII'Currentf NCII NCII'Currentf NCII NCII" Current| Units
EC 0.02 0.05 0.11 0.01 0.03 0.07 0.02 0.06 0.14 ug/m3
ANO; 0.10 0.21 0.40 0.09 0.12 0.21 0.10 0.31 0.66 ug/m3
ASQ, 0.12 0.24 1.69 0.06 0.12 0.70 0.12 0.30 3.01 ug/m3
OMC 0.60 1.17 1.17 0.31 0.56 0.55 0.87 1.89 1.99 ug/m3
Ss 0.02 0.02 0.02 0.01 0.01 0.02 0.04 0.03 0.03 ug/m3
Soil 0.50 1.78 1.78 0.08 0.37 041 1.39 4.79 4.18 ug/m3
CM 3.00 1140  11.40 0.52 2.55 3.24 8.17 = 29.39 24,68 ug/m3
RCFM 1.36 3.47 5.16 0.56 1.21 1.95 2.54 7.38  10.01 ug/m3
RCTM 436 : 1487 | 16.56 1.08 3.76 5.19 | 10.71 = 36.78 @ 34.69 ug/m3
eEC 0.20 0.52 1.07 0.14 0.34 0.72 0.23 0.56 1.35 | Mm™
eANO; 0.55 1.17 2.27 0.30 0.68 1.17 0.88 1.76 3.92 | Mm™
eASO, 0.56 1.17 8.94 0.26 0.59 342 0.80 145  16.90 | Mm™
eOMC 1.76 3.60 3.60 0.74 1.63 1.59 3.13 6.05 6.39 | Mm
eSs 0.06 0.06 0.06 0.01 0.03 0.06 0.14 0.12 0.10 | Mm™
eSoil 0.50 1.78 1.78 0.12 0.37 041 1.27 4.79 4.18 | Mm™
eCM 1.80 6.84 6.84 0.49 1.53 1.94 439  17.64  14.81 | Mm"
abe 543 1513  24.56 2.07 5.17 930 | 10.84 3236 47.65 | Mm™
Dext 1443 2413 3356 | 11.07 14.17 1830 | 19.84 4136 56.65 | Mm
HI 341 794 ¢ 11.22 1.18 3.39 5.88 6.68 1359 17.02 | dv

eEC through eCM are the extinction values attributable to each species.
abey, 1s the aerosol portion of the extinction (the sum of eEC through eCM).
HI is the Haze Index = 10 In(bey/10Mm™).
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7 SUGGESTIONS FOR FUTURE WORK

This paper has noted at several points the discontinuity that results from the application of the
Trijonis estimates of RAM-NCs for sulfate/sulfur and organic mass/carbon, while using them
over the entire eastern and western regions, as designated by the EPA, rather than the more
restricted regions apparently intended by Trijonis, that leave an intermediate gulf between these
regions. Furthermore, this paper has noted the counterintuitive situation that the eastern region of
the U.S. is consistent with “natural” conditions for organic mass/carbon, even with its relatively
high concentration of fossil fuel, and residential and industrial biofuel use, while the west, with its
far lower density of similar emissions, is not. In fact, the possible exclusion of “wood smoke,” as
“man-made,” in Trijonis’ RAM-NC (Trijonis 1990b), is an illustration of the potential conceptual
differences in what constitutes natural conditions, vs. the statutory definition of “natural
conditions.”

These issues need to be resolved in order to reach a more realistic estimate for a surrogate
“natural” conditions dataset, which can then be used to obtain more realistic estimates for the
2064 endpoint of “natural conditions”—more particularly, site-specific estimates of the mean of
the Haze Index over the 20 percent worst days, under “natural conditions.” It has already been
pointed out within this paper that there is at least some evidence that the issue needs to be
resolved by adjusting the east-west ratio of the species in question (sulfur/sulfate and organic
carbon/mass), in the RAM-NC estimates, to be closer to one-to-one. In the case of organic
carbon/mass, this researcher has found that a ratio of two-to-one, as opposed to the three-to-one
ratio found in the Trijonis RAM-NC estimates, is a good step in the right direction. However
these issue are to be resolved, it should be based upon principle #4: Any further adjustments
must be supportable by further data and/or other information of higher quality than was used to
support the original target and bounds.

Additionally, there may be concern over the extent to which the species that are consistent with
natural conditions may still harbor anthropogenic contributions (such as the aforementioned case
of the eastern U.S. regarding OC).

Until better data is available the primary recourse would seem to be case-by-case investigations
of particular sites of concern with an eye toward determining significant, contributing,
anthropogenic sources. Fortunately, generally, it should be easier to identify anthropogenic
sources than natural sources.
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APPENDIX A: DETAILS OF THE DATA ADJUSTMENT MAPPING TO "NATURAL"
CONDITIONS

The current observational data is adjusted by constructing a mapping from the current multi-
annual means® of the sites within a given region, to target multi-annual means of the same sites.
Then this mapping is used to obtain site-specific scaling factors that are then multiplied by the
observations at the site in order to create the site’s surrogate “natural” conditions dataset.

A.1 Constructing the Mapping

The mapping is defined for each species in each region, and is used for all sites within the region,
over the multi-annual means of the given species for each site.

The possible mappings are infinite. The mapping used in this paper is by no means the only
choice, and may not even be “the best,” by some measures. The red curve in Figure 10 is an
example of another mapping that may be desirable.
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Figure 10: Data Adjustment Mapping to '""Natural" Conditions

The mapping used here is a simple, two segment, piecewise linear, continuous map (the solid
black curve in Figure 10). The mapping has an identity (unit slope) segment from zero up
through the RAM-NC estimate (referred to as T ), multiplied by the smaller error factor (E,);

followed by a second linear segment, attached to the first, that has a slope (m) between zero
(truncated) and one (identity): 0 <m < 1.

Regardless of the functional form of the mapping (m()), it should be adjusted such that the

resultant regional multi-annual mean is no more than the RAM-NC estimate (T ), multiplied by
the larger error factor (E, > E).

(m(x)) <TE,

* Note that when taking the multi-annual means one calculates annual means at each monitor for each
good year within the desired multi-year range, and then average all such annual means for each monitor to
create the overall multi-annual mean for that monitor.
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The piecewise linear mapping used here has a functional form of:

m(x)=min(x,TE,)+m-max(0,x - TE,)
=min(x,TE, )+ m(x —min(x,TE,))

Here x is the site’s multi-annual mean, and the slope, 0 < m <1, must be adjusted such that the
resulting regional, multi-annual mean satisfies:

(m(x)) = (min(x, TE,)) + m((x) - (min(x,TE, ))) < TE,
Therefore, the slope,0 < m <1, is given by:
m = max(0,min((TE, - (min(x, TE,)))/((x) - (min(x, TE, )))1)

The slope is taken as unity (1) if<x> = <min(x, TE, )>. (This is true if, and only if, x <TE;

everywhere.)

Incidentally, this also means that the only way to get a zero slope, is if x > TE everywhere,
andE, = E.

A.2 Determining the Site-Specific Scaling Factors

The site-specific scaling factors (f), specific to each species, is now obtained by taking the ratio
of the mapped, multi-annual mean (using the mapping defined for the species and the region
containing the site) to the multi-annual mean of said species at the site (over the multi-year time
period for which the mapping was defined). Therefore, f = m(x)/ x. (Where the scaling factor

is taken as unity (1) if, in the unlikely case, x =0.)

This scaling factor is then used to scale all of this species’ data at the site over the years within
the range used for the multi-annual means, to then yield a surrogate “natural” conditions dataset
such that the regional multi-annual mean of this species over the region is consistent with the
RAM-NC.
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APPENDIX B: IMPROVE SITE GROUPS USED

Table 9: IMPROVE Site Groups Used in the Analysis (from DeBell 2006)

DRAFT

IMPROVE Site Site Name® Site Code | State | Latitude | Longitude | Elevation | Dates of EPA | Rural/ | Included?
Group (m) Operation E/W" | Urban®
Alaska Ambler AMBLI AK 67.099 -157.863 78 | 07/2004-08/2005 | West | Rural No valid yrs.*
Denali NP DENAI1 AK 63.723 -148.968 658 | 03/1988-present | West | Rural Yes
Petersburg PETEI1 AK 56.611 -132.812 0 | 07/2004-present | West | Rural No valid yrs.?
Simeonof SIMEI AK 55.325 -160.506 57 | 09/2001-present | West | Rural Yes
Trapper Creek TRCR1 AK 62.315 -150.316 155 | 09/2001-present | West | Rural Yes
Tuxedni TUXE1 AK 59.992 -152.666 15 | 12/2001-present | West | Rural Yes
Appalachia Arendtsville ARENI1 PA 39.923 -77.308 267 | 04/2001-present | East Rural Yes
Cohutta COHUI1 GA 34.785 -84.626 735 | 05/2000-present | East Rural Yes
Dolly Sods WA DOSO1 LAY 39.105 -79.426 1182 | 09/1991-present | East Rural Yes
Frostburg FRRE1 MD 39.706 -79.012 767 | 04/2004-present | East Rural No valid yrs.?
Great Smoky Mountains NP GRSM1 N 35.633 -83.942 811 | 03/1988-present | East Rural Yes
James River Face Wilderness JARI1 VA 37.627 -79.513 290 | 06/2000-present | East Rural Yes
Jefferson NF JEFF1 VA 37.617 -79.483 219 | 09/1994-05/2000 | East Rural No valid yrs.?
Linville Gorge LIGO1 NC 35.972 -81.933 969 | 03/2000-present | East Rural Yes
Shenandoah NP SHEN1 VA 38.523 -78.435 1079 | 03/1988-present | East Rural Yes
Shining Rock WA SHROI1 NC 35.394 -82.774 1617 | 07/1994-present | East Rural Yes
Sipsy Wilderness SIPS1 AL 34.343 -87.339 286 | 03/1992-present | East Rural Yes
Boundary Waters | Boundary Waters Canoe Area BOWA1 | MN 47.947 -91.496 527 | 08/1991-present | East Rural Yes
Isle Royale NP ISLEI MI 47.46 -88.149 182 | 11/1999-present | East Rural Yes
Isle Royale NP ISRO1 MI 47.917 -89.15 213 | 06/1988-07/1991 | East Rural Discontinued
Seney SENE1 MI 46.289 -85.95 215 | 11/1999-present | East Rural Yes

? NP = National Park, WA = Wilderness Area, NM = National Monument, and NF = National Forest.
® The EPA’s east vs. west designation cuts between CHER1 and WIMOI: For this paper, the division is taken to be ~97.87° west.

¢ There may be some sites designated here as Rural that may be more properly designated as Urban. This is a best guess.
4 No valid years in the base year range of 2000 through 2004.
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IMPROVE Site Site Name® Site Code | State | Latitude | Longitude | Elevation | Dates of EPA | Rural/ | Included?
Group (m) Operation E/W" | Urban®
Voyageurs NP #1 VOYALI MN 48.413 -92.83 426 | 03/1988-09/1996 | East Rural Discontinued
Voyageurs NP #2 VOYA2 MN 48.413 -92.829 429 | 11/1999-present | East Rural Yes
California Coast Pinnacles NM PINNI1 CA 36.483 -121.157 302 | 03/1988-present | West | Rural Yes
Point Reyes National Seashore POREI CA 38.122 -122.909 97 | 03/1988-present | West | Rural Yes
San Rafael RAFAI1 CA 34.734 -120.007 957 | 02/2000-present | West | Rural Yes
Central Great Blue Mounds BLMOI1 MN 43.716 -96.191 473 | 07/2002-present | East Rural Yes
Plains Bondville BONDI IL 40.052 -88.373 263 | 03/2001-present | East Rural Yes
Cedar Bluff CEBLI KS 38.77 -99.763 666 | 06/2002-present | West | Rural Yes
Crescent Lake CRES1 NE 41.763 -102.434 1207 | 07/2002-present | West | Rural Yes
El Dorado Springs ELDO1 MO 37.701 -94.035 298 | 06/2002-present | East Rural Yes
Great River Bluffs GRRI1 MN 43.937 -91.405 370 | 07/2002-present | East Rural Yes
Lake Sugema LASUI1 1A 40.688 -91.988 210 | 06/2002-11/2004 | East Rural Yes
Lake Sugema LASU2 1A 40.693 -92.006 229 | 12/2004-present | East Rural No valid yrs.?
Nebraska NF NEBRI1 NE 41.889 -100.339 883 | 07/2002-present | West | Rural Yes
Omaha OMAH! | NE 42.149 -96.432 430 | 08/2003-present | East Rural Yes
Sac and Fox SAFO1 KS 39.979 -95.568 293 | 06/2002-present | East Rural Yes
Tallgrass TALLI KS 38.434 -96.56 390 | 09/2002-present | East Rural Yes
Viking Lake VILAI 1A 40.969 -95.045 371 | 06/2002-present | East Rural Yes
Central Rockies Brooklyn Lake BRLAI WY 41.366 -106.242 3196 | 09/1993-12/2003 | West | Rural Yes
Great Sand Dunes NM GRSA1 CO 37.725 -105.519 2498 | 05/1988-present | West | Rural Yes
Mount Zirkel WA MOZI1 CO 40.538 -106.677 3243 | 07/1994-present | West | Rural Yes
Rocky Mountain NP HQ RMHQI1 CO 40.362 -105.564 2408 | 03/1988-02/1991 | West | Rural Discontinued
Rocky Mountain NP ROMO1 | CO 40.278 -105.546 2760 | 09/1990-present | West | Rural Yes
Storm Peak STPE1 CcO 40.445 -106.74 3220 | 12/1993-07/1994 | West | Rural Discontinued
Wheeler Peak WHPEI NM 36.585 -105.452 3366 | 08/2000-present | West | Rural Yes
White River NF WHRI1 CO 39.154 -106.821 3414 | 07/1993-present | West | Rural Yes
Colorado Plateau | Arches NP ARCHI1 UT 38.783 -109.583 1722 | 03/1988-05/1992 | West | Rural Discontinued
Bandelier NM BANDI NM 35.78 -106.266 1988 | 03/1988-present | West | Rural Yes
Bryce Canyon NP BRCALI uUT 37.618 -112.174 2481 | 03/1988-present | West | Rural Yes
Canyonlands NP CANY1 uUT 38.459 -109.821 1798 | 03/1988-present | West | Rural Yes
Capitol Reef NP CAPII uUT 38.302 -111.293 1897 | 03/2000-present | West | Rural Yes
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IMPROVE Site Site Name® Site Code | State | Latitude | Longitude | Elevation | Dates of EPA | Rural/ | Included?
Group (m) Operation E/W" | Urban®
Hopi Point #1 GRCA1 AZ 36.066 -112.154 2164 | 03/1988-08/1998 | West | Rural Discontinued
Hance Camp at Grand Canyon NP GRCA2 AZ 35.973 -111.984 2267 | 09/1997-present | West | Rural Yes
Indian Gardens INGA1 AZ 36.078 -112.129 1166 | 10/1989-present | West | Rural No valid yrs.?
Meadview MEAD1 | AZ 36.019 -114.068 902 | 09/1991-09/1992 | West | Rural Yes
02/2003-present
Mesa Verde NP MEVEI1 CO 37.198 -108.491 2172 | 03/1988-present | West | Rural Yes
San Pedro Parks SAPE1 NM 36.014 -106.845 2935 | 08/2000-present | West | Rural Yes
Weminuche WA WEMII1 CO 37.659 -107.8 2750 | 03/1988-present | West | Rural Yes
Zion Canyon ZICALl uUT 37.198 -113.151 1215 | 12/2002-present | West | Rural Yes
Zion ZIONI1 UT 37.459 -113.224 1545 | 03/2000-08/2004 | West | Rural Yes
Columbia River Columbia Gorge #1 COGOl WA 45.569 -122.21 230 | 09/1996-present | West | Rural Yes
Gorge Columbia River Gorge CORI1 WA 45.664 -121.001 179 | 06/1993-present | West | Rural Yes
Death Valley Death Valley NP DEVAI CA 36.509 -116.848 130 | 10/1993-present | West | Rural Yes
East Coast Brigantine NWR BRIG1 NJ 39.465 -74.449 5] 09/1991-present | East Rural Yes
Swanquarter SWANI1 NC 35.451 -76.207 -4 | 06/2000-present | East Rural Yes
Great Basin Great Basin NP GRBAI NV 39.005 -114.216 2066 | 05/1992-present | West | Rural Yes
Jarbidge WA JARBI NV 41.893 -115.426 1869 | 03/1988-present | West | Rural Yes
Hawaii Haleakala NP HALE1 HI 20.809 -156.282 1153 | 02/1991-present | West | Rural Yes
Hawaii Volcanoes NP HAVOI1 HI 19.431 -155.258 1259 | 03/1988-present | West | Rural Yes
Mauna Loa Observatory #1 MALOI HI 19.536 -155.577 3439 | 03/1995-present | West | Rural No valid yrs.?
Mauna Loa Observatory #2 MALO2 | HI 19.536 -155.577 3439 | 03/1995-present | West | Rural No valid yrs.?
Mauna Loa Observatory #3 MALQO3 HI 19.539 -155.578 3400 | 04/1996-05/1996 | West | Rural Discontinued
Mauna Loa Observatory #4 MALO4 | HI 19.539 -155.578 3400 | 04/1996-05/1996 | West | Rural Discontinued
Hells Canyon Craters of the Moon NM CRMOI 1D 43.461 -113.555 1818 | 05/1992-present | West | Rural Yes
Hells Canyon HECAL OR 44.97 -116.844 655 | 08/2000-present | West | Rural Yes
Sawtooth NF SAWTI1 ID 44.17 -114.927 1990 | 01/1994-present | West | Rural Yes
Scoville SCOVI ID 43.65 -113.033 1500 | 05/1992-05/1997 | West | Rural Discontinued
Starkey STARI1 OR 45.225 -118.513 1259 | 03/2000-present | West | Rural Yes
Lone Peak Lone Peak WA LOPE1 UT 40.445 -111.708 1768 | 12/1993-08/2001 | West | Rural No valid yrs.?
Mid South Caney Creek CACRI1 AR 34.454 -94.143 683 | 06/2000-present | East Rural Yes
Cherokee Nation CHERI OK 36.956 -97.031 342 | 09/2002-present | East Rural Yes
DRAFT 23 David Halliday, Ph.D. at TCEQ




DRAFT

IMPROVE Site Site Name® Site Code | State | Latitude | Longitude | Elevation | Dates of EPA | Rural/ | Included?
Group (m) Operation E/W" | Urban®
Ellis ELLI1 OK 36.085 -99.935 697 | 06/2002-present | West | Rural Yes
Hercules-Glades HEGL1 MO 36.614 -92.922 404 | 03/2001-present | East Rural Yes
Sikes SIKE1 LA 32.057 -92.435 45 | 03/2001-present | East Rural Yes
Upper Buffalo WA UPBUI1 AR 35.826 -93.203 723 | 12/1991-present | East Rural Yes
Wichita Mountains WIMO1 OK 34.732 -98.713 509 | 03/2001-present | West | Rural Yes
Mogollon Plateau | Mount Baldy BALDI AZ 34.058 -109.441 2509 | 02/2000-present | West | Rural Yes
Bosque del Apache BOAPI NM 33.87 -106.852 1390 | 04/2000-present | West | Rural Yes
Gila WA GICL1 NM 33.22 -108.235 1776 | 04/1994-present | West | Rural Yes
Hillside HILL1 AZ 34.429 -112.963 1511 | 04/2001-06/2005 | West | Rural Yes
Ike's Backbone IKBAI AZ 34.34 -111.683 1298 | 04/2000-present | West | Rural Yes
Petrified Forest NP PEFO1 AZ 35.078 -109.769 1766 | 03/1988-present | West | Rural Yes
San Andres SAANI NM 32.687 -106.484 1326 | 10/1997-08/2000 | West | Rural No valid yrs.?
Sierra Ancha SIAN1 AZ 34.091 -110.942 1600 | 02/2000-present | West | Rural Yes
Sycamore Canyon SYCALI AZ 35.141 -111.969 2046 | 09/1991-present | West | Rural Yes
Tonto NM TONT1 AZ 33.655 -111.107 775 | 04/1988-present | West | Rural Yes
White Mountain WHIT1 NM 33.469 -105.535 2064 | 01/2002-present | West | Rural Yes
Northeast Acadia NP ACADI ME 44.377 -68.261 157 | 03/1988-present | East Rural Yes
Addison Pinnacle ADPII NY 42.091 -77.21 512 | 04/2001-present | East Rural Yes
Bridgton BRMALI ME 44.107 -70.729 234 | 03/2001-present | East Rural Yes
Casco Bay CABALI ME 43.833 -70.064 27 | 03/2001-present | East Rural Yes
Cape Cod CACO1 MA 41.976 -70.024 49 | 04/2001-present | East Rural Yes
Connecticut Hill COHI!1 NY 42.401 -76.653 519 | 04/2001-07/2006 | East Rural Yes
Great Gulf WA GRGUI NH 44.308 -71.218 454 | 06/1995-present | East Rural Yes
Lye Brook WA LYBRI1 VT 43.148 -73.127 1015 | 09/1991-present | East Rural Yes
Martha's Vineyard MAVI1 MA 41.331 -70.785 3| 01/2003-present | East Rural Yes
Mohawk Mt. MOMO1 | CT 41.821 -73.297 522 | 09/2001-present | East Rural Yes
Moosehorn NWR MOOSI1 ME 45.126 -67.266 78 | 12/1994-present | East Rural Yes
Old Town OLTO1 ME 44.933 -68.646 51 | 07/2001-present | East Rural Yes
Proctor Maple Research Facility PMRF1 VT 44.528 -72.869 401 | 12/1993-present | East Rural Yes
Presque Isle PRIS1 ME 46.696 -68.033 166 | 03/2001-present | East Rural Yes
Quabbin Summit QUREI1 MA 42.298 -72.335 318 | 03/2001-present | East Rural Yes
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IMPROVE Site Site Name® Site Code | State | Latitude | Longitude | Elevation | Dates of EPA | Rural/ | Included?
Group (m) Operation E/W" | Urban®
Northern Great Badlands NP BADLI1 SD 43.743 -101.941 736 | 03/1988-present | West | Rural Yes
Plains Cloud Peak CLPE1 WY 44.334 -106.957 2471 | 06/2002-present | West | Rural Yes
Fort Peck FOPEI MT 48.308 -105.102 638 | 06/2002-present | West | Rural Yes
Lostwood LOSTI1 ND 48.642 -102.402 696 | 12/1999-present | West | Rural Yes
Medicine Lake MELALI MT 48.487 -104.476 606 | 12/1999-present | West | Rural Yes
Northern Cheyenne NOCH1 MT 45.65 -106.557 1283 | 06/2002-present | West | Rural Yes
Thunder Basin THBAI1 WY 44.663 -105.287 1195 | 06/2002-present | West | Rural Yes
Theodore Roosevelt THROI1 ND 46.895 -103.378 853 | 12/1999-present | West | Rural Yes
UL Bend ULBE!1 MT 47.582 -108.72 891 | 01/2000-present | West | Rural Yes
Wind Cave WICA1 SD 43.558 -103.484 1296 | 12/1999-present | West | Rural Yes
Northern Rockies | Bridger WA BRID1 WY 42.975 -109.758 2627 | 03/1988-present | West | Rural Yes
Cabinet Mountains CABII MT 47.955 -115.671 1441 | 07/2000-present | West | Rural Yes
Flathead FLATI1 MT 47.773 -114.269 1580 | 06/2002-present | West | Rural Yes
Gates of the Mountains GAMO1 | MT 46.826 -111.711 2387 | 07/2000-present | West | Rural Yes
Glacier NP GLACI1 MT 48.511 -113.997 975 | 03/1988-present | West | Rural Yes
Monture MONTI MT 47.122 -113.154 1282 | 03/2000-present | West | Rural Yes
North Absaroka NOABI WY 44.745 -109.382 2483 | 01/2000-present | West | Rural Yes
Salmon NF SALMI1 1D 45.159 -114.026 2788 | 12/1993-08/2000 | West | Rural No valid yrs.?
Sula Peak SULAIL MT 45.86 -114 1896 | 08/1994-present | West | Rural Yes
Yellowstone NP 1 YELLI1 WY 44.565 -110.4 2442 | 03/1988-07/1996 | West | Rural Discontinued
Yellowstone NP 2 YELL2 WY 44.565 -110.4 2425 | 07/1996-present | West | Rural Yes
Northwest Lynden LYNDI WA 48.953 -122.559 28 | 10/1996-08/1997 | West | Rural Discontinued
Mount Rainier NP MORAI | WA 46.758 -122.124 439 | 03/1988-present | West | Rural Yes
North Cascades NOCAI1 WA 48.732 -121.065 569 | 03/2000-present | West | Rural Yes
Olympic OLYM1 WA 48.007 -122.973 600 | 07/2001-present | West | Rural Yes
Pasayten PASAIL WA 48.388 -119.927 1627 | 11/2000-present | West | Rural Yes
Snoqualmie Pass SNPA1 WA 47.422 -121.426 1049 | 07/1993-present | West | Rural Yes
Spokane Res. SPOK1 WA 47.904 -117.861 552 | 07/2001-06/2005 | West | Urban Yes
White Pass WHPAI1 WA 46.624 -121.388 1827 | 02/2000-present | West | Rural Yes
Not Assigned Walker River Paiute Tribe WARII NV 38.952 -118.815 1250 | 06/2003-11/2005 | West | Rural Yes
Ohio River Valley | Cadiz CADII KY 36.784 -87.85 192 | 03/2001-present | East Rural Yes
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IMPROVE Site Site Name® Site Code | State | Latitude | Longitude | Elevation | Dates of EPA | Rural/ | Included?
Group (m) Operation E/W" | Urban®
Livonia LIVOl IN 38.535 -86.26 282 | 03/2001-present | East Rural Yes
Mammoth Cave NP MACAl | KY 37.132 -86.148 235 | 09/1991-present | East Rural Yes
Mingo MING1 MO 36.972 -90.143 111 | 05/2000-present | East Rural Yes
M.K. Goddard MKGO1 | PA 41.427 -80.145 380 | 04/2001-present | East Rural Yes
Quaker City QUCII OH 39.943 -81.338 366 | 05/2001-present | East Rural Yes
Oregon and Bliss SP (TRPA) BLISI CA 38.976 -120.103 2131 | 11/1990-present | West | Rural Yes
Northern Crater Lake NP CRLAI OR 42.896 -122.136 1996 | 03/1988-present | West | Rural Yes
California Kalmiopsis KALMI1 | OR 42.552 -124.059 80 | 03/2000-present | West | Rural Yes
Lava Beds NM LABEI1 CA 41.712 -121.507 1460 | 03/2000-present | West | Rural Yes
Lassen Volcanic NP LAVOI1 CA 40.54 -121.577 1733 | 03/1988-present | West | Rural Yes
Mount Hood MOHO1 | OR 45.289 -121.784 1531 | 03/2000-present | West | Rural Yes
Redwood NP REDWI CA 41.561 -124.084 244 | 03/1988-present | West | Rural Yes
Three Sisters WA THSI1 OR 44.291 -122.043 885 | 07/1993-present | West | Rural Yes
Trinity TRINI1 CA 40.786 -122.805 1014 | 07/2000-present | West | Rural Yes
Phoenix Phoenix PHOEI1 AZ 33.504 -112.096 342 | 04/2001-present | West | Urban Yes
Puget Sound Puget Sound PUSOI WA 47.57 -122.312 98 | 03/1996-present | West | Urban Yes
Sierra Nevada Dome Lands WA DOLA1 CA 35.699 -118.202 914 | 08/1994-10/1998 | West | Rural Discontinued
Dome Lands WA DOMEI CA 35.728 -118.138 927 | 02/2000-present | West | Rural Yes
Hoover HOOV1 CA 38.088 -119.177 2561 | 07/2001-present | West | Rural Yes
Kaiser KAIS1 CA 37.221 -119.155 2598 | 01/2000-present | West | Rural Yes
Sequoia NP SEQU1 CA 36.489 -118.829 519 | 03/1992-present | West | Rural Yes
South Lake Tahoe SOLA1 CA 38.933 -119.967 1900 | 03/1989-06/1997 | West | Rural Discontinued
Yosemite NP YOSEI1 CA 37.713 -119.706 1603 | 03/1988-present | West | Rural Yes
Southeast Breton BRETI LA 29.119 -89.207 11 | 06/2000-present | East Rural No valid yrs.?
Chassahowitzka NWR CHASI FL 28.748 -82.555 4 | 04/1993-present | East Rural Yes
Everglades NP EVERI FL 25.391 -80.681 1 | 09/1988-present | East Rural Yes
Okefenokee NWR OKEF1 GA 30.741 -82.128 48 | 09/1991-present | East Rural Yes
Cape Romain NWR ROMAL SC 32.941 -79.657 5 | 09/1994-present | East Rural Yes
St. Marks SAMALI FL 30.093 -84.161 8 | 06/2000-present | East Rural Yes
Southern Arizona | Chiricahua NM CHIRI AZ 32.009 -109.389 1555 | 03/1988-present | West | Rural Yes
Douglas DOUGI AZ 31.349 -109.54 1230 | 06/2004-present | West | Rural No valid yrs.?
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IMPROVE Site Site Name® Site Code | State | Latitude | Longitude | Elevation | Dates of EPA | Rural/ | Included?
Group (m) Operation E/W" | Urban®
Organ Pipe ORPI1 AZ 31.951 -112.802 504 | 01/2003-present | West | Rural Yes
Queen Valley QUVAI AZ 33.294 -111.286 661 | 04/2001-present | West | Rural Yes
Saguaro NM SAGU1 AZ 32.175 -110.737 941 | 06/1988-present | West | Rural Yes
Saguaro West SAWEI1 AZ 32.249 -111.218 714 | 04/2001-present | West | Rural Yes
Southern Agua Tibia AGTII CA 33.464 -116.971 508 | 11/2000-present | West | Rural Yes
California Joshua Tree NP JOSH1 CA 34.069 -116.389 1235 | 02/2000-present | West | Rural Yes
Joshua Tree NP JOTR1 CA 34.069 -116.389 1228 | 09/1991-07/1992 | West | Rural Discontinued
San Gabriel SAGA1 CA 34.297 -118.028 1791 | 12/2000-present | West | Rural Yes
San Gorgonio WA SAGO1 CA 34.194 -116.913 1726 | 03/1988-present | West | Rural Yes
Urban QA Sites Atlanta ATLA1 GA 33.688 -84.29 243 | 04/2004-present | East Urban No valid yrs.?
Baltimore BALTI MD 39.255 -76.709 78 | 06/2004-present | East Urban No valid yrs.?
Birmingham BIRMI AL 33.553 -86.815 176 | 04/2004-present | East Urban No valid yrs.?
Chicago CHICI1 IL 41.751 -87.713 195 | 11/2003-09/2005 | East Urban No valid yrs.?
Detroit DETRI1 MI 42.229 -83.209 180 | 11/2003-present | East Urban No valid yrs.?
Fresno FRES1 CA 36.782 -119.773 100 | 09/2004-present | West | Urban No valid yrs.?
Houston HOUSI1 X 29.67 -95.129 7 | 05/2004-09/2005 | East Urban No valid yrs.?
New York City NEYOl NY 40.816 -73.902 45 | 08/2004-present | East Urban No valid yrs.?
Pittsburgh PITT1 PA 40.465 -79.961 268 | 04/2004-present | East Urban No valid yrs.?
Rubidoux RUBI1 CA 34 -117.416 248 | 09/2004-09/2005 | West | Urban No valid yrs.?
Virgin Islands Virgin Islands NP VIIS1 VI 18.336 -64.796 51 | 10/1990-present | East Rural Yes
Washington D.C. | Washington D.C. WASHI1 DC 38.876 -77.034 15 | 03/1988-present | East Urban Yes
West Texas Big Bend NP BIBE1 X 29.303 -103.178 1067 | 03/1988-present | West | Rural Yes
Guadalupe Mountains NP GUMO1 | TX 31.833 -104.809 1672 | 03/1988-present | West | Rural Yes
Salt Creek SACRI1 NM 33.46 -104.404 1072 | 04/2000-present | West | Rural Yes
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Figure 11: IMPROVE Aerosol Network
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