Appendix C: Air Quality Modeling

Introduction

This appendix describes in greater detail the vari-

ous methodologies used to translate differences in
control and no-control scenario emission estimates

into changes in air quality conditions. Summary char-
acterizations of the results of the air quality modeling
efforts for 1990 are provided here and in the main
text. Further details and discussion of key analytical

and modeling issues can be found in a number of sup-
porting documents. These documents, which provide
the analytical basis for the results presented herein,

are:

ICF Kaiser/Systems Applications Interna-
tional, “Retrospective Analysis of Ozone Air
Quality in the United States’Final Report,
May 1995. (Hereafter referred to as “SAl
Ozone Report (1995).")

ICF Kaiser/Systems Applications Interna-
tional,"Retrospective Analysis of Particulate
Matter Air Quality in the United StatesDraft
Report, September 1992. (Hereafter referred
to as “SAI PM Report (1992).”)

ICF Kaiser/Systems Applications Interna-
tional,"Retrospective Analysis of Particulate
Matter Air Quality in the United StatesFi-
nal Report, April 1995. (Hereafter referred to
as “SAl PM Report (1995).”)

ICF Kaiser/Systems Applications Interna-
tional, “PM Interpolation Methodology for

the section 812 retrospective analysis”,
Memorandum from J. Langstaff to J.
DeMocker, March 1996. (Hereafter referred
to as “SAI PM Interpolation Memo (1996).”)

ICF Kaiser/Systems Applications Interna-
tional, “Retrospective Analysis of SONO,
and CO Air Quality in the United States”

Final Report, November 1994. (Hereatfter re-
ferred to as “SAl SO NO_and CO Report
(1994).M

ICF Kaiser/Systems Applications Interna-
tional,“Retrospective Analysis of the Impact
of the Clean Air Act on Urban Visibility in
the Southwestern United State&inal Re-
port, October 1994. (Hereafter referred to as
“SAIl SW Visibility Report (1994).”)

Dennis, Robin L., US EPA, ORD/NERL,
“Estimation of Regional Air Quality and
Deposition Changes Under Alternative 812
Emissions Scenarios Predicted by the Re-
gional Acid Deposition Model, RADMDraft
Report, October 1995. (Hereafter referred to
as “RADM Report (1995).”)

The remainder of this appendix describes, for each
pollutant or air quality effect of concern, (a) the basis
for development of the control scenario air quality
profiles; (b) the air quality modeling approach used
to estimate differences in air quality outcomes for the
control and no-control scenario and the application of
those results to the derivation of the no-control sce-
nario air quality profiles; (c) the key assumptions,
caveats, analytical issues, and limitations associated
with the modeling approach used; and (d) a summary
characterization of the differences in estimated air
quality outcomes for the control and no-control sce-
narios.

Carbon Monoxide

Control scenario carbon monoxide
profiles

As described in the preceding general methodol-
ogy section, the starting point for development of con-
trol scenario air quality profiles was EPA’s AIRS da-
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The Benefits and Costs of the Clean Air Act, 1970 to 1990

Table C-1. Summary of CO Monitoring Data.

vide a manageable char-
acterization of air qual-
ity conditions. Initially,

two-parameter Iognor-

Percent Mean mal distributions were

Number of Number of Population Number of Number of fitted to the profiles
Year Monitors Counties Covered Samples Samples per based on substantial evi-

Monitor L

dence that such distribu-

1970 82 54 n/a 408,524 4,982 tions are appropriate for
1975 503 246 n/a 2,667,525 5,303 mOde“ng air qua.“ty
data. However, given

1980 522 250 50 % 3,051,599 5,846 the relative importance
1985 472 232 nla 3,533,286 7,486 of accurately modeling
higher percentile obser-

1990 506 244 55 % 3,788,053 7,486 vations (i_e_, 90th per-

centile and higher), a
three-parameter model-
ing approach was used

tabase. Hourly CO air quality monitoring data were _ to isolate the effect of
compiled for all monitors in the 48 contiguous statesOPservations equal, or very close, to zero. In this ap-
for the study target years of 1970, 1975, 1980, 19g5proach one parameter defines the proportlgn_ of data
and 1990. Although the CO monitoring network was Pelow a cutoff close to zero and the remaining two
sparse in 1970, by 1990 506 monitors in 244 countieP@rameters describe the dlstrlbl_Jtlon of data above the
provided monitoring coverage for 55 percent of the cutoff value. Several other studies have already dem-

population in the conterminous U.S. Table C-1 sum-Onstrated good fit to air quality modeling data with a
marizes the CO monitoring data derived from AIRS. three-parameter gamma distribution, and both lognor-
Additional data regarding the EPA Region location, mal and gamma distributions using a three-parameter
land use category, location-setting category, and ob@PProach were developed for the present study. As
jective category of the monitors providing these datadocumented in the SAI SONO,, and CO Report

are described in the SAI SONO,, and CO Report (1994), a cutoff of 0.05 ppm was applied and both the
(1994). * three-parameter lognormal and three-parameter

gamma distributions provided a good fit to the em-

air quality profiles was to calculate moving averages,the best fit.
for a variety of time periods, of the hourly CO data

for each monitor. For CO, moving averages of 1, 3,5, T he control scenario air quality profiles are avail-
7, 8, 12, and 24 hours were calculated. Daily maxi-aPle on diskette. The filename for the CO Control

mum concentrations observed at each monitor for eacifcenario profile database is COCAA.DAT, and adopts

of these averaging periods were then calculated. Fithe format presented in Table C-2.

nally, profiles were developed to reflect the average ) )

and maximum concentrations for each of the sever/NO-control scenario carbon monoxide

averaging periods. However, profiles were only de- profiles

veloped for a given monitor when at least 10 percent

of its theoretically available samples were actually  To derive comparably configured profiles repre-

available. The purpose of applying this cutoff was tosenting CO air quality in the no-control scenario, con-

avoid inclusion of monitors for which available sample trol scenario profile means and variances were ad-

sizes were too small to provide a reliable indicationjusted in proportion to the difference in emissions es-

of historical air quality. timated under the two scenarios. Specifically, for all

control scenario air quality observations predicted by

As discussed in the air quality modeling chapterthe three-parameter distributions falling above the

of the main text, development of representative dis“near-zero” cutoff level, comparable no-control esti-

tributions for these profiles was then necessary to promates were derived by the following equation:

Data Source: SAI SONO, and CO Report (1994).
. _______________________________________________________________________________________________________________|]
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Table C-2. Format of Air Quality Profile Databases.

Columns Format Description
1-2| Integer Year (70, 75, 80, 85, 90)
4 -6 | Integer Averaging time (1, 3, 5, 7, 8, 12, 24 hours)
8-9| Integer State FIPS code
11-13 | Integer County FIPS code
15-19 | Integer Monitor number (digits 6-10 of monitor id)
21-30 | Real Latitude
32-41| Real Longitude
43 - 44 | Integer Latitude/longitude flag
46 -55 | Real (F10.3) Hourly intermittency paramete?
56 - 65 | Real (F10.3) Hourly lognormal parameter’ u
66 - 75 | Real (F10.3) Hourly lognormal parametes’
76 -85 | Real (F10.3) Hourly gamma paramete’
86 -95 | Real (F10.3) Hourly gamma paramet@’
96 - 105 | Real (F10.3) Daily max intermittency parametgf
106-115| Real (F10.3) Daily max lognormal parametef pt
116 - 125| Real (F10.3) Daily max lognormal parametef
126 - 135| Real (F10.3) Daily max gamma parametef
136 - 145| Real (F10.3) Daily max gamma parametg't

*Values for flag:

1 = actual latitude/longitude values

location (monitor parameter occurrence code 1)

9 = latitude/longitude missing (county center substituted)

®Units of concentration are ppm for CO and ppb fog,9: and NO.

Source SAl SQ, NOxand CO Report (1994).

2 = latitude/longitude values from collocated monitor or previous monitor

1: 3
=% K_-b) +b
STEE

where

)

Xc = air quality measurement for the no-control scenario,
X. = air quality measurement for the control scenario,
E,. = emissions estimated for the no-control scenario,

E.=
b=

emissions estimated for the control scenario, and
background concentration.
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The adjustment for background concentration
made to hold ambient background concentrations
the pollutant constant between the control a
no-control scenarios. To the extent background cc
centrations are affected by transport of anthropoge| 3%

Figure C-1. Frequency Distribution of Estimated Ratigs
for 1990 Control to No-control Scenario 95th Percenti
1-Hour Average CO Concentrations, by Monitor.

pollutants from upwind sites, and to the extent u
wind emissions may have been controlled under { ¢
control scenario, assuming a fixed background cq £,y |
centration represents a conservative assumption in 3
analysis. As discussed in the SAI 2SOX, and CO §
Report (1994), the CO background concentration ug 2

. . . E100 L
for this analysis was 0.2 ppm, which equals the lo} 3
est typical concentration observed in the lower 4
states.

0 ! 1 1 1 1 1 1 1 1
In the SAI SQ, NO,, and CO Report (1994) docu 005 025 045 065 08 105 125

Ratio of CAA:No-CAA 95th Percentile 1-Hour Average

menting the CO air quality modeling effort, refereng
is made to using county-level emission estimates
the basis for deriving the no-control profiles. Deriva- which the ratio of 1990 control to no-control scenario

tion of these county-level results is described in more95th percentile 1-hour average concentrations falls
detail in the appendix on emissions estimation. It iswithin a particular range. The x-axis values in the

important to emphasize here, however, that the countygraph represent the midpoint of each bin. The results
level CO emissions data were derived for both theindicate that, by 1990, CO concentrations under a no-
control and no-control scenarios by simple popula-control scenario would have been dramatically higher
tion-weighted disaggregation of state-level emissionthan control scenario concentrations.

totals. Although CO emission estimates were needed

at the county level to support the ozone air qualityKey caveats and uncertainties for

modeling effort, differences in state-level emissionscarbon monoxide

estimates are what drive the difference in the control

and no-control air quality profiles for CO. In other A number of important uncertainties should be
words, theE,, to E_,, ratios used to derive the noted regarding the CO air quality estimates used in
no-control profiles according to Equation (1) above this analysis. First and foremost, CO is a highly local-
are essentially based on state-level emissions estimatgged, “hot spot” pollutant. As such, CO monitors are
for CO. often located near heavily-used highways and inter-
sections to capture the peak concentrations associated
As for the control scenario air quality profiles, with mobile sources. Since this analysis relies on state-
the no-control scenario air quality profiles are avail- level aggregate changes in CO emissions from all
able on diskette. The filename for the CO No-controlsgurces, the representativeness and accuracy of the
Scenario profile database is CONCAA.DAT. The predicted CO air quality changes are uncertain. There
same data format described in Table C-2 is adoptedis no basis, however, for assuming any systematic bias
which would lead to over- or under-estimation of air

Summary differences in carbon quality conditions due to reliance on state-wide emis-
monoxide air quality sion estimates.
While the control and no-control scenario air qual- A second source of uncertainty is the extent to

ity profiles are too extensive to present in their en-which the three-parameter distributions adequately
tirety in this report, a summary indication of the dif- characterize air quality indicators of concern. Appen-
ference in control and no-control scenario CO con-dix C of the SAI SQ NO,, and CO Report (1994)
centrations is useful. Figure C-1 provides this sum-Presents a number of graphs comparing the fitted ver-
mary characterization. Specifically, the air quality Sus empirical data for one-hour and 12-hour averag-
indicator provided is the 95th percentile observationing periods. In the case of CO, the gamma distribu-
of 1990 CO concentrations averaged over a 1-houtOn appears to provide a very reasonable fit, though
period. The graph shows the number of monitors forclearly some uncertainty remains.
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Finally, a central

premise of this analy- Table C-3. Summary of S®/onitoring Data.

sis is that changes in

CO emissions should
I | Percent Mean Number
b? we -corrg ated Number of Number of Population Number of of Samples per
with changes in CO Year Monitors Counties Covered Samples Monitor
air qua,llty' Strong 1970 86 56 n/a 399,717 4,648
correlation between
the state_level emls_ 1975 847 340 n/a 4,280,303 5,053
sions estimates used 1980 1,113 440 60 % 6,565,589 5,899
in this analysis and
.. . . 1985 926 401 n/a 6,602,615 7,130
empirical air quality
measurements would 1990 769 374 50 % 5,810,230 7,556

not be expected due to
inconsistencies be- DataSource: SAI SONO, and CO Report (1994).
tween the state-level
scale of modeled
emissions versus the
monitor-level scale of the air quality_da_ta, ar_ld betwe_e”Control scenario sulfur dioxide profiles
the modeled control scenario emissions inventories
and actual historical air quality measurements. Under
these circumstances, it is particularly important to

focus on the primary objective of the current analy- SO, monitoring network shrank during the 1980's
), .

sis, which is to estimate trtb_—ﬁerenpe in air quality Table C-3 summarizes the S@onitoring data used
outcomes between scenarios which assume the ab-

o . . as the basis for development of the control scenario
sence or presence of historical air pollution controls.

In the process of taking differences, some of the und’ quality profiles.

certainties are expected to cancel out. No attempt is
made in the overall analysis to predict historical air
quality, or hypothetical air quality in the absence of
the Clean Air Act, in absolute terms.

Unlike the CO monitoring network, the number
of monitors as well as the population coverage of the

As for CO, air quality profiles reflecting average
values and daily maxima for 1, 3, 5, 7, 8, 12, and 24
hour averages were compiled from AIRS for moni-
tors in the lower 48 states which had at least 10 per-
cent of their potential samples available. Applying a
cutoff of 0.1 ppb to isolate the zero and near-zero ob-
servations, three-parameter lognormal and gamma
Sulfur dioxide (SQ) emissions lead to several air distributions were fitted to these empirical profiles.
quality effects, including secondary formation of fine 'n. the_ case of Spthe three-parameter Iognormal dis-
particle sulfates, long range transport and depositioﬁ”buuon was found to provide the best fit.
of sulfuric acid, and localized concentrations of gas- _ , , ,
eous sulfur dioxide. The first two effects are addressed | "€ control scenario S@ir quality profiles are
later in this appendix, under the particulate matter ancflealllable on diskette, contained in a file f‘ame.d
acid deposition sections. The focus of this section is202CAA.DAT. The same data format described in
estimation of changes in local concentrations of suI-Table C-2 is adopted.
fur dioxide.

Sulfur Dioxide

No-control scenario sulfur dioxide

The methodology applied to estimation of local Profiles
sulfur dioxide air quality is essentially identical to the
one applied for carbon monoxide. As such, this sec- The no-control air quality profiles for S@re
tion does not repeat the “roll-up” modeling method- derived using Equation 1, the same equation used for
ological description presented in the CO section, butCO. For SQ the background concentration was as-
instead simply highlights those elements of the sulfursumed to be zero. Although anthropogenic emissions
dioxide modeling which differ from carbon monox- contribute only small amounts to total global atmo-
ide. spheric sulfur, measured background concentrations
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for the continental U.S. range from only 0.1 to 1.3 control scenario, it is conceivable that some sources
ppb. Background SQs discussed in more detail in might have built taller stacks to allow higher emis-
the supporting document SAI SO, and CO Re-  sion rates without creating extremely high ground-
port (1994)% level concentrations of flue gases. On the other hand,
it is also conceivable that, in the absence of post-1970
The no-control scenario S@ir quality profiles  air pollution control programs, sources might have
are available on diskette, contained in a file namedbuilt shorter stacks to avoid incurring the higher costs
SO2NCAA.DAT. The data format is described in associated with building and maintaining taller stacks.

Table C-2. To the extent facilities would have adopted different

stack height configurations under a no-control sce-
Summary differences in sulfur dioxide nario, both local exposures to sulfur dioxides (and
air quality other emissions from fossil fuel combustion) and long-

range transport, deposition, and exposure associated
As for CO, reporting differences in control and With secondary formation products may have been
no-control scenario air quality projections for each different. However, this analysis assumes that both
monitor covered in the analysis is impractical due toth€ location of individual facilities and the height and
the large amount of data involved. However, Figureconflguratlon of emission stacks are constant between

C-2 provides an illustration of scenario differences the two scenarios. If, in fact, stack heights were raised
similar to the one provided for CO. Specifically, the under the historical case due to CAA-related concerns,

graph shows the distribution of 1990 control to no- Ncréases in local SCconcentrations under the
control scenario 95th percentile 1-hour average con0-control scenario may be overestimated. However,

centrations ratios at S@onitors. By 1990, Sgron-  thiS same assumption may at the same time lead to
centrations under the no-control scenario were subtnderestimation under the no-control scenario of long-

stantially higher than those associated with the conf@ng€ transport and formation of secondary particu-
trol scenario. lates associated with taller stacks. For stacks built
lower under a no-control scenario, local SQpo-
sures would have been higher and long-range effects
Figure C-2. Frequency Distribution of Estimated Ratigs lower. Finally, the comments on uncertainties for car-
for 1990 Control to No-control Scenario 95th Percentife bon monoxide apply as well to $O
1-Hour Average SOConcentrations, by Monitor.

300

Nitrogen Oxides

Similarly to sulfur dioxide, emissions of nitro-

gen oxides (NQ) —including nitrogen dioxide (Np

and nitrous oxide (NO)- lead to several air quality
effects. These effects include secondary formation of
fine particle nitrates, formation of ground-level ozone,
long range transport and deposition of nitric acid, and
localized concentrations of both N@nd NO. The
first three effects are addressed later in this appen-

g

Number of Monitors
38
T

005 025 045 065 085 105 125 dix, under the particulate matter, ozone, and acid
Ratio of CAA:No-CAA 95th Percentile 1-Hour Average deposition sections. The focus of this section is esti-
mation of changes in local concentrations of, l@d
Key caveats and uncertainties for sulfur NO.

dioxide

The methodology applied to estimation of local

nitrogen oxides air quality is essentially identical to

_ The height of stacks used to vent flue gases froMy,q 4ne applied for carbon monoxide and sulfur diox-
utility and industrial fossil fuel-fired boilers has a sig- ;4o A5 such. this section does not repeat the “roll-up”

nificant effect_on the dispersion of sulfur dioxide and modeling methodological description presented in the
on the formation and long-range transport of second-CO section, but instead simply highlights those ele-
ary products such as particulate sulfates. Under a no-

! SAI SQ, NOx, and CO Report (1994), page 4-9.
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ments of the nitrogen oxides modeling which differ 24 hour NQ and NO averages were compiled from

from carbon monoxide. AIRS for monitors in the lower 48 states which had at
least 10 percent of their potential samples available.

Control scenario nitrogen oxides Applying a cutoff of 0.5 ppb to both N@nd NO to

profiles isolate the zero and near-zero observations, three-pa-

rameter lognormal and gamma distributions were fit-
After peaking around 1980, the number of NO ted to these empirical profile_s. F_or Nénd NO, the
and NO monitors, their county coverage, and theirtk_wee—parametgrgamma distribution was found to pro-
population coverage shrank between 1980 and 1990/1de the best fit.
Tables C-4 and C-5 summarize, respectively, the NO

and NO monitoring data used as the basis for devel- 1 he control scenario N@nd NO air quality pro-
opment of the control scenario air quality profiles. files are available on diskette, contained in files named

NO2CAA.DAT and NOCAA.DAT, respectively. The
As for CO and SQ air quality profiles reflecting same data format described in Table C-2 is adopted.

average values and maxima for 1, 3, 5, 7, 8, 12, and

Table C-4. Summary of NOVionitoring Data.

Percent Mean Number
Number of Number of Population Number of of Samples per
Year Monitors Counties Cowered Samples Monitor
1970 45 32 n/a 275534 6,123
1975 308 155 n/a 1,574,444 5112
1980 379 205 45 % 1,984,128 5,235
1985 305 182 n/a 2,142,606 7,025
1990 346 187 40 % 2,456,922 7,101

Data Source: SAI SONO: and CO Report (1994).

Table C-5. Summary of NO Monitoring Data.

Percent Mean Number

Number of Number of Population Number of of Samples per
Year Monitors Counties Cowered Samples Monitor
1970 39 28 n/a 246,262 6,314
1975 206 94 n/a 1,101,051 5,345
1980 224 124 30 % 1,023,834 4,571
1985 139 86 n/a 956,425 6,881
1990 145 81 15 % 999,808 6,895

Data Source: SAl SONO, and CO Report (1994).
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No-control scenario nitrogen oxides
profiles

The no-control air quality profiles for NGand

Key caveats and uncertainties for
nitrogen oxides

A number of caveats and uncertainties specific to

NO are derived using Equation 1, the same equatiomodeling NQ should be noted. First, stack height and
used for CO and SOAs discussed in detail in the stack height control strategies likely to have influenced
SAI SO, NO,, and CO Report (1994)nitrogen ox-  local concentrations of S@nay also have influenced
ides are emitted almost entirely from anthropogeniclocal concentrations of N@nd NO. (For a fuller dis-
sources and they do not have long atmospheric resieussion of the stack heights issue, refer to the section
dence times. Therefore, global background concen-Key caveats and uncertainties for 3an addition,
trations are very low, on the order of 0.1 or 0.2 ppb.the earlier discussion of uncertainties resulting from
For the present analysis, background concentrationthe use of state-level emissions and the cancellation
of NO, and NO were assumed to be zero. of uncertainties resulting from analyzing only differ-
ences or relative changes also applies t9.NO

The no-control scenario N@nd NO air quality
profiles are available on diskette, contained in files
named NO2NCAA.DAT and NONCAA.DAT, respec-
tively. The data format is described in Table C-2.

Acid Deposition

The focus of air quality modeling efforts described
above for carbon monoxide, sulfur dioxide, and ni-
trogen oxides was to estimate ttteange in ambient
concentrations of those pollutants as a result of
changesin emissions. Particularly since the emissions
modeling was driven by modeled macroeconomic

t for N, As for CO and Spth graph shows the (001108 ralher anactu) itonce econonc ac
distribution of 1990 control to no-control scenario 95th /'Y P ' . . .
the resultant air quality conditions developed for this

percentile 1-hour average concentration ratios gt NO . o
monitors. These ratios indicate that, by 1990, no-con-"’InaIySIS would be expected to mqtch historical out-
trol scenario NQ concentrations were significantly comes. The need to focus on relative changes, rather

higher than they were under the control scenario. Th han apsol_ute predlct_lons, becomes even more acute
changes for NO are similar to those for NO or estimating air quality outcomes for pollutants sub-
i ject to long-range transport, chemical transformation,

and atmospheric deposition. The complexity of the
relationships between emissions, air concentrations,
and deposition is well-described in the following para-
graph from the RADM report document developed
by Robin Dennis of US EPA’s National Exposure
300 Research Laboratory in support of the present analy-
sis:

Summatry differences in nitrogen oxides
air quality

Figure C-3 provides a summary indication of the
differences in control and no-control scenario air qual-

Figure C-3. Frequency Distribution of Estimated Ratigs
for 1990 Control to No-control Scenario 95th Percenti
1-Hour Average NQConcentrations, by Monitor.

“Sulfur, nitrogen, and oxidant species in the
atmosphere can be transported hundreds to
thousands of kilometers by meteorological
forces. During transport the primary
emissions, SQONO, and volatile organic
emissions (VOC) are oxidized in the air or in
cloud-water to form new, secondary
compounds, which are acidic, particularly
sulfate and nitric acid, or which add to or
subtract from the ambient levels of oxidants,
such as ozone. The oxidizers, such as the
hydroxyl radical, hydrogen peroxide and

200 |

100 L

Number of Monitors

4] 1 1 1 1 1 1 1 1 1

0.05 0.25 0.45 0.65 0.85 1.05 1.25
Ratio of CAA:No-CAA 95th Percentile 1-Hour Average

2SAl SO, NO, and CO Report (1994), page 4-9.
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ozone are produced by reactions of VOC and
NO, The sulfur and nitrogen pollutants are
deposited to the earth through either wet or
dry deposition creating a load of pollutants
to the earth’s surface... However, the
atmosphere is partly cleansed of oxidants

Control scenario acid deposition
profiles

The derivation of control scenario emission in-
ventory inputs to the RADM model is succinctly de-
scribed in this excerpt from the RADM Report (1995):

through a number of physical processes
including deposition (e.g., ozone is removed
by wet and dry deposition). Dry deposition
occurs when particles settle out of the air onto
the earth or when gaseous or fine particle
species directly impact land, plants, or water
or when plant stomata take up gaseous
species, such as SOn wet deposition,

pollutants are removed from the atmosphere
by either rain or snow. In addition, fine

particles or secondary aerosols formed by the
gas- and aqueous-phase transformation
processes scatter or absorb visible light and

The RADM model requires a very detailed
emissions inventory in both time and space.
The emissions fields are also day-specific to
account for the temperature effects on the
volatile organics and the wind and
temperature effects on the plume rise of the
major point sources. At the time of the 812
retrospective study RADM runs, these
inventories had been developed for 1985,
using the 1985 NAPAP (National Acid
Precipitation Assessment Program)
inventory, and adjusted for point source

thus contribute to impairment of visibility.”

The complexity and nonlinearity
of the relationships between localize
emissions of precursors, such asZS
and VOC, and subsequent region
scale air quality and deposition effect
are so substantial that the simple “rol
up” modeling methodology used fo
estimating local ambient concentra
tions of SQ, NOX, and CO is inad-
equate, even for a broad-scale, aggr
gate assessment such as the pres
study. For sulfur deposition, and fo
a number of other effects addressq
in subsequent sections of this appe
dix, a regional air quality model was
required. After careful review of the
capabilities, geographic coverage
computing intensity, and resource re
guirements associated with availabl
regional air quality models, EPA de
cided to use various forms of the Re
gional Acid Deposition Model
(RADM) to estimate these effects.
Figure C-4 shows the geographic dq
main of the RADM.

Figure C-4. Location of the High Resolution RADM 20-km Grid Nestgd
Inside the 80-km RADM Domain.

3 Dennis, R. RADM Report (1995), p. 1.

4 For a detailed description of the various forms of the RADM and its evaluation history, see the Dennis, R. RADM Report (1995).
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emissions to 1988 for the Eulerian Model

Evaluation Field Study funded by NAPAP.| riq re C-5. RADM-Predicted 1990 Total Sulfur Deposi

These RADM emissions inventories had (wet + Dry; in kg/ha) Under the Control Scenario.
county-level and detailed SCC and species|

level information incorporated into them to

provide the 80- and 20-km detail. The 812
Study emissions are principally computed al
the state level. While the 1985 812 Study
emissions are close to the NAPAP inventory
they do not exactly match, nor do they have
the spatial, nor economic sector, nor species
detail within a state needed to run RADM. To
connect the 812 Study emissions to the RADI
emissions, the following approach was
followed: An industry/commercial-level

disaggregation (including mobile sources)
was developed for the 812 emissions to allov
different sectors in a state to change their
emissions across time without being in lock
step and the detailed NAPAP emissions fo
every 80- and 20-km RADM grid-cell were
grouped by state to the same level of industry
commercial aggregation for an exact

correspondence. Then it was assumed that the

812 Study 1985 control emissions were
effectively the same as the 1985 NAPAP
emissions. Relative changes in emissions

between the 812 1985 control and any othe Figure C-6. RADM-Predicted 1990 Total Nitrogen Dep

scenario (e.g., 1985 no-control, or 1990]| .. e ;
control, or 1980 no-control, etc.) were then tion (Wet + Dry; in kg/ha) Under the Control Scenario.

applied to the 1985 NAPAP state-level
industry/commercial groups in the
appropriate 80- and 20-km grid cells. Thus,
state-level emissions for each group would
retain the same state-level geographic patterr]
in the different scenarios years, but the mix
across groups could change with time. In this
way, the more detailed emissions required by
RADM were modeled for each scenario yeal
using the 812 Study emissions data 3ets.

Although the focus of the present analysis is
estimate the differences between the control and
control scenarios, it is useful to illustrate the ab
lute levels of acid deposition associated with the t
scenarios. Itis particularly important to demonstr
the initial deposition conditions to preclude possi
misinterpretations of the maps showing perc
change in deposition. A relatively high percents
change in a particular region, for example, may
cur when initial deposition is low, even when the
change in deposition is also modest. The RADM-

5 Dennis, R. RADM Report (1995).
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modeled 1990 control scenario wet and dry sulfur

Figure C-7. RADM-Predicted 1990 Total Sulfur Depositpnd€POsition patter is shown in Figure C-5. A com-
(Wet + Dry; in kg/ha) Under the No-control Scenario.

parable map for nitrogen deposition is presented in
Figure C-6. Maps of the RADM-predicted 1990 no-
control scenario sulfur and nitrogen deposition are
presented in Figures C-7 and C-8, respectively.

No-control scenario acid deposition
profiles

Configuration of the RADM model for the
present analysis —including allocation of emission
inventories to model grid cells, design of meteoro-
logical cases, treatment of biogenic versus anthro-
pogenic emissions, and temporal, spatial, and spe-
cies allocation of emissions— are described in de-
tail in the RADM Report (1995). The remainder of
this section provides a summary description of the
acid deposition modeling effort.

For sulfur deposition, the RADM Engineering
Model (RADM/EM), which focuses on sulfur com-
pounds, was used to derive annual average total (wet
plus dry) deposition of sulfur in kilograms sulfur
per hectare (kg-S/ha) under both the control and
no-control scenarios. The relative changes in an-
nual average total sulfur deposition for each of the
80-km RADM/EM grid cells for 1975, 1980, 1985,

. ] ] ~and 1990 were then compiled.
Figure C-8. RADM-Predicted 1990 Total Nitrogen Depdpi-

tion (Wet + Dry; in kg/ha) Under the No-control Scenari@. Nitrogen deposition was calculated in a differ-
ent manner. Since nitrogen effects are not included
in the computationally fast RADM/EM, nitrogen
deposition had to be derived from the full-scale,
15-layer RADM runs. Because of the cost and com-
putational intensity of the 15-layer RADM, nitro-
gen deposition estimates were only developed for
1980 and 1990. As for sulfur deposition, the rela-
tive changes in annual average total (wet plus dry)
nitrogen deposition, expressed as kg-N/ha, were cal-
culated for each 80-km grid cell and for each of the
two scenarios. It is important to note that ammonia
depositin contributes significantly to total nitrogen
deposition. However, the activities of sources as-
sociated with formation and deposition of ammo-
nia, such as livestock farming and wildlife, were
essentially unaffected by Clean Air Act-related con-
trol programs during the 1970 to 1990 period of
this analysis. Therefore, ammonia deposition is held
constant between the two scenarios.
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Summary differences in acid
Figure C-9. RADM-Predicted Percent Increase in Total | deposition
Sulfur Deposition (Wet + Dry; in kg/ha) Under the No-

control Scenario. Figure C-9 is a contour map showing the esti-

mated percent increase in sulfur deposition under
the no-control scenario relative to the control sce-
nario for 1990. Figure C-10 provides comparable

information for nitrogen deposition. These maps

indicate that by 1990 acid deposition would have
been significantly higher across the RADM domain

under the no-control scenario.

Examination of the percent change sulfur depo-
sition map indicates relatively large percentage
changes in the upper Great Lakes and the Florida-
Southeast Atlantic Coast areas. This result may ap-
pear somewhat surprising to readers familiar with
the historical patterns of acid deposition. However,
a review of the emission data and the control sce-
nario sulfur deposition map reveal the reasons for
this result.

First, Figure C-5 shows that control scenario
deposition rates are relatively low. As described
above, even a small absolute increase in deposition
leads to a large percentage increase in areas with
low initial rates of deposition. Second, the scenario

Figure C-10. RADM-Predicted Percent Increase in Tota] differences in SQemission rates for these areas

Nitrogen Deposition (Wet + Dry; in kg/ha) Under the No{ Were substantial. For example, 1990 no-control sce-
control Scenario. nario total SQ emissions for Michigan were ap-

proximately 1.8 million tons but control scenario
emissions for the same year were less than 600,000
tons; a reduction of over two-thirds. Similarly, 1990
no-control scenario emissions for Florida were over
2.3 million tons, compared to approximately
800,000 tons under the control scenario; also a re-
duction of about two-thirds. Almost 1 million tons
of the Michigan reduction and approximately 1.3
million tons of the Florida reduction were associ-
ated with utilities. Emission reductions of these
magnitudes would be expected to yield significant
reductions in rates of acid deposition.

Key caveats and uncertainties for acid
deposition

Regional-scale oxidant and deposition model-
ing involves substantial uncertainty. This uncer-
tainty arises from uncertainties in modeling atmo-
spheric chemistry, incomplete meteorological data,
normal seasonal and temporal fluctuations in atmo-
spheric conditions, temporal and spatial variability
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in emissions, and many other factors. Uncertaintiesiety of mobile and stationary sources, further com-
specific to the RADM model, and this particular ex- plicating specification of particulate air quality mod-
ercise, are discussed in detail in the RADM Reportels. Finally, particulate air quality models must take
(1995). It is important, however, to highlight some of account of potentially significant background concen-
the potential sources of modeling uncertainty uniquetrations of atmospheric particles.
to this analysis.
Modeling multiple species and emission sources,
The first source of uncertainty specific to this however, is not the only major challenge related to
analysis is associated with the spatial and geographiparticulate matter which is faced in the present study.
disaggregation of emissions data. As discussed in th®ver the 1970 to 1990 period being analyzed, under-
RADM Report, the RADM model requires emission standing of the relative significance of fine versus
inventory inputs which are highly disaggregated overcoarse particles evolved significantly. Up until the
both time and space. The ideal emissions inventorymid-1980s, particulate air quality data were collected
fed into the RADM model includes day-specific emis- as Total Suspended Particulates (TSP). However, dur-
sions to account for temperature effects on VOCs anding the 1980s, health scientists concluded that small,
the significance of localized meteorological conditions respirable particles, particularly those with an aero-
around major point sources. Given the broad-scaledynamic diameter of less than or equal to 10 microns
comprehensive nature of the present study, such dgPM, ), were the component of particulate matter pri-
tailed emissions inventories were not available. How-marily responsible for adverse human health effects.
ever, the industry/commercial-level disaggregation ap-As of 1987, federal health-based ambient air quality
proach developed for the present analysis would nostandards for particulate matter were revised to be ex-
be expected to introduce any systematic bias, and thpressed in terms of P\rather than TSP. Starting in
contribution of this disaggregation of emissions would the mid-1980s, therefore, the U.S. began shifting away
not be expected to contribute significantly to the over-from TSP monitors toward PJ{imonitors. As a re-
all uncertainty of the larger analysis. sult, neither TSP nor PMare fully represented by
historical air quality data over the 1970 to 1990 pe-
The acid deposition estimates included in theriod of this analysis. Furthermore, a large number of
present analysis are limited in that only the eastern 31.S. counties have no historical PM monitoring data
of the 48 coterminous states are covered. Althoughat all, making it difficult to estimate changes in ambi-
acid deposition is a problem primarily for the easternent concentrations of this significant pollutant for ar-
U.S., acid deposition does occur in states west of theas containing roughly 30 percent of the U.S. popula-
RADM domain. The magnitude of the benefits of re- tion.
ducing acid deposition in these western states is likely
to be small, however, relative to the overall benefits  Given the relative significance of particulate mat-
of the historical Clean Air Act. ter to the bottom-line estimate of net benefits of the
historical Clean Air Act, it was important to develop
methodologies to meet each of these challenges. The
methodologies developed and data used are described
primarily in the two supporting documents SAlI PM
Developing air quality profiles for particulate Report (1992) and SAlI PM Report (1995)0 sum-
matter is significantly complicated by the fact that marize the overall approach, historical TSP data were
“particulate matter” is actually an aggregation of dif- broken down into principal component species, in-
ferent pollutants with varying chemical and aerody- cluding primary particulates, sulfates, nitrates, organic
namic properties. Particulate species include chemiparticulates, and background particulates. Historical
cally inert substances, such as wind-blown sand, aglata were used for the control scenario. To derive the
well as toxic substances such as acid aerosols; ando-control profiles, the four non-background compo-
include coarse particles implicated in household soil-nents were scaled up based on corresponding
ing as well as fine particles which contribute to hu- no-control to control scenario ratios of emissions and/
man respiratory effects. In addition, emissions of bothor modeled atmospheric concentrations. Specifically,
primary particulate matter and precursors of secondthe primary particulate component was scaled up by
arily-formed particulates are generated by a wide vathe ratio of no-control to control emissions of PM.

Particulate Matter

% In addition, SAl memoranda and reports which supplement the results and methodologies used in this analysis are included in
the references.
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Organic constituents were scaled up by the ratio ofent TSP and PIito describe these constituents in
no-control to control VOC emissions. In the easterncounties without data. Control scenario PM profiles
31 states where RADM sulfate and nitrate data werevere developed by adding the RADM-estimated sul-
available, values for S@nd NQ from an appropri-  fate particulate levels to the statewide average nitrate,
ate RADM grid cell were assigned to the relevantVOC, and primary particulate levels, and background.
county and used to scale these components of PM.

For the western states not covered by RADM, sul-  For counties outside the RADM domain, an al-
fates were scaled up by the change in &@issions ~ ternate procedure was used. Using the primary and
and nitrates were scaled up the change in &tis- secondary particulate estimates for counties with data,
sions. No-control scenario profiles were then con-Statewide average sulfate, nitrate, VOC, and primary

structed by adding these scaled components to backarticulate concentrations were determined. Control
ground concentrations. scenario Ply| was predicted by adding the statewide

averages of all primary and secondary particulate, and
To resolve the problem of variable records of TSPbackground. Using this method, all counties that did

and PN data, both TSP and P)\profiles were gen-  not have monitors and are in the same state are as
erated for the entire 20 year period. Missing early yeaisigned the same PM concentration profiles. These in-
data for PV, were derived by applying region-spe- terpolated results are clearly less certain than results
cific, land use category-specific PMo TSP ratiosto  based on actual historical monitoring data and are
the historical TSP data. Missing recent year TSP datéherefore presented separately.
were derived for those areas where PMonitors ) ]
replaced TSP monitors by applying the reciprocal of Control scenario particulate matter
the relevant P} to TSP ratio. The methodology is profiles
described in detail in the SAl PM Report (1995).

The number of TSP monitors peaked in 1977 and

In addition, to increase the geographic coveragedeclined throughout the 1980s. Table C-6 summarizes
of estimates of air quality, an interpolation methodol- the daily (i.e., 24-hour average) TSP monitoring data
ogy’ was developed to predict air quality for the con- used as the basis for development of the control sce-
trol scenario in counties without measured data. PMnario air quality profiles. Most of the TSP and M
concentrations were estimated by first estimating themonitors collected samples every six days (i.e., 61
components of PM (i.e., sulfate, nitrate, and organicsamples per year).
particulate, and primary particulate). The methodol-
ogy for developing the concentrations of components ~ Daily PM, data were also collected for each year
within a county differed depending upon whether thebetween 1983 and 1990. Table C-7 summarizes the

county was within or outside the RADM domain.  daily PM,; monitoring data used for the control sce-
nario air quality profiles.

For those counties Within N ommmmmmm—m————"—"00 " 0 —"0‘‘— " — - ——  ——
RADM domain, the RADM modeled
concentrations for 1980 and 1990 we
used to predict sulfate air quality. Re

Table C-6. Summary of TSP Monitoring Data.

lationships based on linear regressio Mean Number
that related 1980 and 1990 RADM su Number of Number of Number of | of Samples per
fate concentrations to estimated sulfa Year Monitors Counties Samples Monitor

particulate concentrations were calct
lated for counties with AIRS data. Sul
fate particulate concentrations wer 1975 3,467 1,146 221,873 64
then calculated for all counties in th
domain by applying the regression re
sults to the RADM grid cell concen- 1985 2,932 1,018 189,344 65
tration located over the county cente
Statewide average nitrate, VOC, ar
primary particulate concentration:
were calculated from measured amk D&t Source: SAIPM Report (1995)

1970 751 245 56,804 76

1980 3,595 1,178 234,503 65

1990 923 410 59,184 64

” The interpolation methodology is described in detail in SAI, 1996. Memo from J. Langstaff to J. DeMocker. PM Interpolation
Methodology for the section 812 retrospective analysis. March 1996.
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allow differentiation between urban and

Table C-7. Summary of PlyMonitoring Data. rural locations for coarser particles.
The TSP and Pl\control scenario
Mean Number profiles developed based on this meth-

Number of Number of Number of of Samples per Odology are available on diskette, un-
Year Monitors Counties Samples Monitor der the filenames listed in Table C-10
1985 303 194 22,031 73 _

No-control scenario

1990 1,249 556 98,904 79

particulate matter profiles

Data Source: SAI PM Report (1995) To derive the no-control TSP and

PM,, air quality profiles, individual
Further speciation of TSP and PMir quality component species were adjusted to

data serves two purposes in the present analysis. Firggflect the relative change in emissions or, in the case

speciation of TSP into P)yland other fractions al- of sulfates and nitrates in the eastern U.S., the rela-

lows derivation of PN|; TSP ratios. Such ratios can tive change in modeled ambient concentration. The

then be used to estimate historical Pidr those years ~ following excerpt from the SAI PM Report (1995)

and monitors which had TSP data but no,Ptiata. ~ describes the specific algorithm uséd:

The reciprocal ratio is also applied in this analysisto _ _

expand 1985 and 1990 TSP data to cover those areas ' ©f the retrospective analysis, the no-CAA

which monitored PN}, but not TSP. The second pur- scenario TSP and PMair quality was

pose served by speciation of particulate data is, as €Stimated by means of the following

described earlier, to provide a basis for scaling up ~ @gorithm:

concentrations of each species to derive no-control Apportion CAA scenario TSP and PM

scenario TSP and PJyprofiles. : : -
: to size categories and species;

To break the TSP and BMlata down into com-
ponent species, speciation factors were applied to the
PM fractions with aerodynamic diameters below 2.5 , jse 3 linear scaling to adjust the non-
microns (PM) and from 2.5 to 10 microns (R background portions of primary
The PM ¢ speciation factors were drawn from a Na- particulates, sulfate, nitrate, and organic
tional Acid Precipitation Assessment Program components based on emissions ratios of
(NAPAP) report on yisibility which reviewed and PM, SQ, NO, and VOC, and Regional
ponsolldated speciation data from_ a number of stud- Acid Depositxion Model (RADM) annual
ies® These factors are presented in Table C-8. In the
table, fine particle concentrations are based on par-
ticle mass measured after equilibrating to a relative  «  Add up the scaled components to estimate
humidity of 40 to 50 percent; and organics include the no-CAA scenario TSP and PM
fine organic carbon. concentrations.” *

e Adjust for background concentrations;

aggregation results for S@nd NQ;

To develop speciation factors for coarser particles ~ The specific procedures and values used for the
(i.e., in the PN, to PM, range), SAI performed a linear rollback, speciation, fine to coarse particle ra-
review of the available literature, including Conner et tio, scaling, and background adjustment steps are de-
al. (1991), Wolff and Korsog (1989), Lewis and scribed in detail in the SAI PM report (1995)Table
Macias (1980), Wolff et al. (1983), Wolff et al. (1991), C-11 lists the names of the electronic data files con-
and Chow et al. (1994)These speciation factors are taining the TSP and Plylprofiles for the no-control
summarized in Table C-9. Data were too limited to scenario.

8 J. Trijonis, “Visibility: Existing and Historical Conditions--Causes and Effects,” NAPAP Report 24, 1990.

® This literature review, and complete citations of the underlying studies, are presented in the SAI PM Report (1995), pp. 4-2 to
4-6 and pp. R-1 to R-2, respectively.

0 SAI PM Report (1995), p. 5-1.
11 SAI PM Report (1995), pp. 5-2 to 5-15.
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Table C-8. Fine Particle (P Chemical Composition by U.S. Region.

Number of Arithmetic Range of
Component Units Data Sets Mean Values
RURAL EAST
Fine particle concentration pg/ms 19 18 6 -46
Ammonium sulfate % Fine particles 19 52 41 - 66
Ammonium nitrate % Fine particles 3 1 1
Organics % Fine particles 5 24 9-34
URBAN EAST
Fine particle concentration pg/ms 3 36 29 -43
Ammonium sulfate % Fine particles 3 55 53 -57
Ammonium nitrate % Fine particles 2 1 1
Organics % Fine particles 2 24 15-32
RURAL WEST
Fine particle concentration pg/ms 25 5 1-11
Ammonium sulfate % Fine particles 25 35 15-56
Ammonium nitrate % Fine particles 17 4 1-17
Organics % Fine particles 25 27 14 -41
URBAN WEST
Fine particle concentration Ho/ms 16 35 13-74
Ammonium sulfate % Fine particles 16 16 3-35
Ammonium nitrate % Fine particles 14 15 2-37
Organics % Fine particles 16 42 25-79

Data Sources: SAI PM Report (1995); and J. TrijoNissibility: Existing and Historical Conditions--Causes and
Effects,"NAP AP Report 24, 1990.

each bin. Figure C-11 indicates that annual average
TSP concentrations would have been substantially
higher in monitored counties under the no-control sce-

Figure C-11 provides one indication of the esti- Naro-
mated change in particulate matter air quality between o
the control and no-control scenarios. Specifically, theKey caveats and uncertainties for
graph provides data on the estimated ratios of 199@particulate matter
control to no-control scenario annual mean TSP con-
centrations in monitored counties. The X-axis values  There are several important caveats and uncer-
represent the mid-point of the ratio interval bin, andtainties associated with the TSP and, Pair quality
the Y-axis provides the number of counties falling into profiles developed for this study. Although further

Summatry differences in particulate
matter air quality
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Table C-9. Coarse Particle (PMo PMyo) Chemical Composition by U.S. Region.

Number Arithmetic Range of
Component Units of Data Mean Values
Sets
EAST
Coarse particle concentration pg/m 1 5.5 5.5
Ammonium sulfate % Coarse particles 3 3 1-4
Ammonium nitrate % Coarse particles 1 4 4
Organics % Coarse particles 2 10 7-13.8
WEST
Coarse particle concentration Hgm 18 24 7.7 -56.7
Ammonium sulfate % Coarse particles 18 6 2.1-10.39
Ammonium nitrate % Coarse particles 18 18 2.33-28.52
Organics % Coarse particles 18 14 8.41-25.81

Data Source: SAI PM Report (1995).

Table C-10. PM Control Scenario Air Quality Profile Filenames.

Component Indicator Flename
TSP Annual Mean TSPCMEAN .DAT
TSP 2nd Highest Daily TSPCHI2.DAT
TSP (X)th Percentile TSPC(X).DAT
PMzo Annual Mean PM10CMEA.DAT
PMzo 2nd Highest Daily PM10CHI2.DAT
PMzo (X)th Percentile PM10C(X).DAT

Note "(X)"refersto percentiles from 5 to 95, indicating 19 percentile data files available
for TSP and 19 files available for Rifor example, the filename for the 50th percentile
TSP air quality data profile for the control scenario is named TSPC50.DAT.
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_____________________________________________________________________________] SionS, SUCh as using §& a Surrogate for %O
Table C-11. PM No-Control Scenario Air Quality Profile in the western states, to roll up individual PM
Filenames. components may introduce significant uncer-

tainty. Third, even assuming a satisfactorily

_ _ high degree of correlation between target and
Component Indicator Hlename surrogate pollutants, relying on predicted

TSP Annual Mean TSPCNMEA .DAT changes in emissions at the state level further

_ ) compounds the uncertainty. Finally, and per-
TSP 2nd Highest Daily TSPNCHI.DAT

haps most important, using PMo TSP ratios
TSP (X)th Percentile TSPNC(X).DAT derived from late 1980s monitoring data may

lead to significant underestimation of reduc-

PM1ie Annual Mean PM1ONCME.DAT . R . . . . .
tions in fine particulates achieved in earlier

PM1o 2nd Highest Daily PM1ONCHI.DAT years. This is because historical Clean Air Act

PM1o (X)th Percentile PM10NC(X).DAT programs focused extensively on controlling

Note '

'(X)" refers to percentiles from 5 to 95, indicating 19 percentile-based data files

combustion sources of fine particulates. As a
result, the share of TSP represented by, PM

available for TSP and 19 similar files available for #,Mor example, the filename for the observed in the late 1980s would be lower due
50th percentile TSP air quality data profile for the no-control scenario is named to implementation of controls on combustion

TSPNC50.DAT.

sources. This would lead, in turn, to underesti-

o o _ mation of baseline PI\] concentrations, as a
reductions in these uncertainties were not possible foghare of TSP, in the 1970s and early 1980s. If baseline
this study given time and resource limitations, the rela—leo concentrations in these early years are underes-

tive importance of particulate matter reduction con-timated, the reductions in Ppestimated by linear
tributions towards total benefits of the Clean Air Act scaling would also be underlestima%éd.

highlights the importance of these uncertainties.

A number of uncertainties were introduced in the Ozone

process of speciating and rolling up individual com-

ponents of particulate matter. First, temporal and spa-  Nonlinear formation processes, long-range atmo-

tial variability in the size and chemical properties of spheric transport, multiple precursors, complex atmo-

particulate emissions are substantial. These charagspheric chemistry, and acute sensitivity to meteoro-

teristics change from day to day at any given loca-ogical conditions combine to pose substantial diffi-

tion. Second, using changes in proxy pollutant emis-culties in estimating air quality profiles for ozone.
Even in the context of an aggregated, national study

50

40

30

20

Number of Counties

10

such as this, the location-specific factors controlling

Figure C-11. Distribution of Estimated Ratios for 1998  5,0ne formation preclude the use of roll-up modeling
Control to No-control Annual Mean TSP Concentra- based on proxy pollutants or application of state-wide
tions, by Monitored County. or nation-wide average conditions. Such simplifica-

tions would yield virtually meaningless results for
ozone.

Ideally, large-scale photochemical grid models —
such as the Urban Airshed Model (UAM)— would
be used to develop control and no-control scenario
estimates for ozone concentrations in rural and urban
areas. Such models provide better representations of
the effects of several important factors influencing air
quality projections such as long-range atmospheric
. transport of ozone. However, the substantial comput-
0.00 0.20 0.40 0.60 0.80 1.00 ing time and data input requirements for such models

Ratio of CAA:No-CAA Annual Mean TSP (interval midpoint) precluded their use for this stullyinstead, three sepa-

2 See SAI PM Report (1995), p. 5-9.

13 For a description of the extensive data inputs required to operate UAM, see SAl Ozone Report (1995), p. 1-1.
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Table C-12. Urban Areas Modeled with OZIPMA4.

Albany, NY
Albuquerque, NM
Allentown, PA-NJ
Altoona, PA
Anderson, IN
Appleton, WI
Asheville, NC
Atlanta, GA
Atlantic City, NJ
Auburn, ME
Augusta, GA-SC
Austin, TX
Baltimore, MD
Baton Rouge, LA
Beaumont, TX
Bellingham, WA
Billings, MT
Birmingham, AL
Boston, MA
Boulder, CO
Canton, OH
Cedar Rapids, IA
Champaign, IL
Charleston, SC
Charleston, WV
Charlotte, NC
Chattanooga, TN-GA
Chicago, IL
Cincinnati, OH
Cleveland, OH
Colorado Springs, CO
Columbia, SC
Columbus, GA-AL
Columbus, OH
Comus Christi, TX
Cumberland, MD-WV
Dallas, TX
Davenport, IA-IL
Decatur, IL
Denver, CO
Detroit, Ml

El Paso, TX

Erie, PA

Eugene, OR
Evansville, IN
Fayetteville, NC
Flint, MI

Fort Collins, CO
Fort Smith, AR-OK

Fort Wayne, IN
Grand Rapids, Ml
Greeley, CO
Green Bay, WI
Greensboro, NC
Greenville, SC
Harrisburg, PA
Hartford, CT
Houston, TX
Huntington, WV-KY
Huntsville, AL
Indianapolis, IN
lowa City, IA
Jackson, MS
Jacksonville, FL
Janesville Rock Co, WI

Johnson City, TN-VA
Johnstown, PA
Kansas City, MO
Knoxville, TN
Lafayette, IN
Lafayette, LA
Lake Charles, LA
Lancaster, PA
Lansing, Ml
Las Cruces, NM

Las Vegas, NV
Lexington, KY
Lima, OH
Little Rock, AR

Longview, TX
Los Angeles, CA
Louisville, KY
Lynchburg, VA
Medford, OR
Memphis, TN
Miami, FL

Minneapolis, MN-WI
Mobile, AL
Monroe, LA
Montgomery, AL
Nashville, TN
New Orleans, LA

New York, NY

Norfolk, VA
Oklahoma City, OK
Omaha, NE-IA
Orange Co, CA

Orlando, FL

Owensboro, KY
Parkersburg, WV
Pascagoula, MS
Pensacola, FL
Peoria, IL
Philadelphia, PA
Phoenix, AZ
Portland, OR
Portsmouth, NH
Raleigh, NC
Reading, PA
Reno, NV
Richmond, VA
Roanoke, VA
Rochester, NY
Rockford, IL
Sacramento, CA
Salt Lake City, UT
San Antonio, TX
San Diego, CA
San Francisco, CA
San Joaquin Valley, CA
Santa Barbara, CA
Sarasota, FL
Scranton, PA
Seattle, WA
Sheboygan, WI
Shreveport, LA
South Bend, IN
Springfield, IL
Springfield, MO
Springfield, OH

St Louis, MO
Steubenville, OH-WV
Syracuse, NY
Tallahassee, FL
Tampa, FL

Terre Haute, IN
Toledo, OH
Tucson, AZ

Tulsa, OK
Utica-Rome, NY
Ventura County, CA
Victoria, TX
Washington, DC
Wheeling, WV-OH
Wichita, KS

York, PA
Youngstown, OH-PA

rate modeling efforts were conducted to provide ur-run for 147 urban areas. Table C-12 lists the urban
ban and rural ozone profiles for those areas of the loweareas modeled with OZIPM4. Although it requires
48 states in which historical ozone changes attributsubstantially less input data than UAM, the OZIPM4
able to the Clean Air Act may be most significant.  model provides reasonable evaluations of the relative
reactivity of ozone precursors and ozone formation
First, for urban areas the Ozone Isopleth Plottingmechanisms associated with urban air madstsree
with Optional Mechanisms-1V (OZIPM4) model was to five meteorological episodes were modeled for each

14 See SAl Ozone Report (1995), p. 1-1.
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of the 147 urban areas; and for each of these, fout5-layer, 80-km RADM median ozone response and
model runs were performed to simulate the 1980 ando estimate high ozone response. The relative changes
1990 control and no-control scenarios. The outputs ofn modeled median and 90th percentile rural ozone
these model runs were peak ozone concentrations fowere then assumed to be proportional to the changes
each of the target year-scenario combinations. Then, respectively, the median and 90th percentile ozone
differentials between the control and no-control sce-concentrations. The domain of the high-resolution
nario outputs were averaged over meteorological epiRADM is shown in Figure C-4 and the general RADM
sodes and then applied to scale up historical air qualdomain is shown in Figure C-12.
ity at individual monitors to obtain no-control case
profiles. As for the other pollutants, the control sce- Finally, the SARMAP Air Quality Model
nario profiles were derived by fitting statistical distri- (SAQM) was run for EPA by the California Air Re-
butions to actual historical data for individual moni- sources Board (CARB) to gauge the differences in
tors. peak ozone concentrations in key California agricul-
tural areas for 1980 and 1990. No-control profiles were
Second, the 15-layer RADM runs for 1980 and developed for ozone monitors in these areas by as-
1990 were used to estimate the relative change in rusuming the relative change in peak ozone concentra-
ral ozone distributions for the eastern 31 states. In adtion also applies to the median of the ozone distribu-
dition, a limited number of 20-km grid cell high-reso- tion. The domain of the SAQM is shown in Figure C-
lution RADM runs were conducted to benchmark the 12.

Figure C-12. RADM and SAQM Modeling Domains, with Rural Ozone Monitor Locations.
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Control scenario ozone profiles ban, and rural locations is presented in Table C-2 of
the SAI Ozone Report (1995).

For ozone, air quality profiles were developed
from historical AIRS data and calculated for individual ~ Given the substantial number of alternative air
monitors based on 1, 2, 6, 12, and 24 hour averagin§uality profiles for ozone, approximately 20 high-den-
times. Profiles based on the daily maximum concen-Sity disks are required to hold the profiles, even in
trations for these averaging times were also calculateccompressed data format. Resource limitations there-
Given the significance of seasonal and diurnal ozondore preclude general distribution of the actual pro-
formation, twelve separate profiles of hourly ozone files. As discussed in the caveats and uncertainties
distributions were also developed for six 2-month subsection below, however, the substantial uncertain-
periods and for daytime and nighttime hours. Theties associated with model results for any given area
2-month periods are January-February, March-April, preclude application of these profiles in contexts other
and so forth. The diurnal/nocturnal profiles are divided than broad-scale, aggregated assessments such as the
at 7 A.M. and 7 P.M. Local Standard Time. All of present study. The historical ozone monitoring data
these profiles are based on constructing 1, 2, 6, 12used as the basis for this study are, nevertheless, avail-
and 24-hour moving average profiles from the hou”yable through EPA’s Aerometric Information Retrieval
ozone data from each monitsrA two-parameter ~ System (AIRS).
gamma distribution is then fitted to characterize each
of these air quality profile¥. The functional form of ~ No-control scenario ozone profiles
the gamma distribution, the basis for deriving the
monitor-specific values for mean and variance, and The specific modeling methodologies for the
an analysis of the goodness of fit to the data are pre©ZIPM4 runs —including emissions processing, de-
sented in the SAI Ozone Report (1995). velopment of initial and boundary conditions, meteo-
rological conditions, simulation start and end times,
Table C-13 summarizes the ozone monitoring dataorganic reactivity, and carbon fractions— are de-
used as the basis for the control scenario profiles. Thecribed in detail in the SAl Ozone Report (1995).
distribution of these monitors among urban, subur-Assumptions and modeling procedures not otherwise
described in the SAI report were conducted in accor-
dance with standard EPA guidari¢e.

Table C-13. Summary of Ozone Monitoring Similarl_y, the RADM modeling methodology .
Data. used to estimate changes in day-time rural ozone dis-

tributions in the eastern 31 states are described in de-
tail in the RADM Report (1995). The referenced re-

Number of Number of port also provides complete citations of the literature
Year Monitors Counties associated with development, standard application
1970 1 1 procedures, and evaluation of RADM by the National
Acid Precipitation Assessment Program (NAPAP).
1975 467 240
1980 791 415 To derive the no-control scenario results for key
1085 119 415 California agricultural areas, the (;alifornig Air Re-
sources Board and US EPA’s Region 9 office agreed
1990 834 AT7 to conduct three runs of the SAQM. For the 1990 con-
trol scenario, the 1990 SARMAP base case scenario
Data Source SAI Ozone Report (1995). adopted for California State Implementation Plan
—————— modeling was adoptet. Derivation of 1990

15 For the nighttime profiles, only 1, 2, 6, and 12-hour averaged concentrations are derived.

6 Normal and lognormal distributions were also developed and tested for goodness of fit; however, the gamma distribution providec
a better representation of the concentration distribution. See SAlI Ozone Report (1995), page 4-2.

17'US EPA, Office of Air Quality Planning and Standart®ocedures for Applying City-Specific EKMAEPA-450/4-89-012, 1989.

8 Documentation of the SARMAP Air Quality Model and the SARMAP 1990 base case can be found in the SAQM references listed
at the end of this appendix.
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no-control and 1980 control and no-control scenariogresults. This is because OZIPM4 provides only the
was based on adjusting the aggregate mobile, pointnaximum hourly ozone concentration. However, to
and area source VOC and Némissions associated estimate all the various physical consequences of
with each of these cases. For example, the 198@hanges in ambient ozone concentrations, the current
no-control results were derived by, first, multiplying study requires estimation of the shift in the entire dis-
the 1990 SARMAP base case mobile source VOCtribution of 0zone concentrations. Since it is daytime
emissions by the ratio of 1980 no-control scenario toozone season concentrations which are most sensi-
1990 control scenario mobile source VOC emissiongtive to changes in VOC and N@missions, the pre-
derived for the present study. Similar adjustments weralicted shifts in the most important component of the
made for point and area sources, and forx.Nme ozone concentration distribution are reasonably well-
SAQM was then re-run holding fixed all other condi- founded. The method adopted for this analysis in-
tions associated with the 1990 SARMAP base caseyolved applying the no-control to control peak con-
including meteorology, activity patterns, and other centration ratio to all concentrations in the distribu-
conditions. The specific emission ratios used to modifytion down to a level of 0.04 ppm. The 0.04 ppm level
the 1990 SARMAP base case are presented in Tables considered at the high end of hypothetical ambient
C-14. The ratios themselves were derived by addingpzone concentrations in the absence of all anthropo-
on-highway and off-highway emissions to representgenic ozone precursor emissions. A ratio of 1.0 is used
the mobile source category; adding utility, industrial for ozone concentrations at or near zero. The method-
process, and industrial combustion emissions to repelogy is described in more detail in the SAl Ozone
resent point sources; and using commercial/residenReport (1995) on page 4-6.

Table C-14. Apportionment of Emissions Inventories for SAQM Runs.

Source 1980 Control 1980 No-Control to 1990 No-Control to

Category to 1990 Conftrol Ratio 1990 Control Ratio 1990 Control Ratio
Mobile 1.344 1.955 3.178
VOC Area 0.820 0.901 1.106
Point 1.284 1.439 1.232
Mobile 1.042 1.148 1.677
NO« Area 0.731 0.738 1.058
Point 0.987 1.339 1.159

tial emissions to represent area sources. The no-control  Estimating changes in rural ozone concentrations
scenarios were then derived by adjusting the peak ani$ required primarily for estimating effects on agri-
median of the control scenario ozone distribution cultural crops, trees, and other vegetation. For this
based on the ratio of SARMAP-predicted peak ozonereason, only the differences in daytime, growing sea-
concentrations under the control and no-control sceson ozone concentrations are derived for the present
narios. study. As described in detail in the SAI Ozone Report
(1995) on page 4-7, the no-control rural ozone pro-
The relative results of the control and no-control files are calculated by, first, taking the ratio of the
scenario runs of the OZIPM4, RADM, and SAQM average daytime growing season ozone concentrations
models were then used to derive the no-control cassimulated by RADM or SAQM (whichever is relevant
air quality profiles. For the urban monitors relying on for that monitor). The ratio of no-control to control
OZIPMA4 results, only ozone-season daytime concenscenario average ozone concentration is then applied
trations could be calculated directly from OZIPM4 to all the hourly concentrations from that monitor.
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Profiles based on 1, 2, 6, 12, and 24-hour aVeraﬁiﬁigure C-13. Distribution of Estimated Ratios for 1990

are then calculated for the control case; and averaggs, .1 1o No-control OZIPM4-Simulated 1-Hour Peak
for daytime hours are calculated for the no-contrply, o Concentrations by Urban Area

case'® Even though the control and no-control scg- 30
nario off-season profiles are held constant, profiles
for the no-control scenario are developed for 4ll
months of the year since the ozone season valji
throughout the country.
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Figure C-13 presents a summary of the results|o
the 1990 OZIPM4 results for all 147 of the modeled
urban areas. Specifically, the graph depicts a fle- ©
guency distribution of the ratio of control to no-contrgl
scenario peak ozone. While the vast majority of simu-

0

lated peak ozone concentration ratios fall below 1.00,— — - -
eight urban areas show lower simulated peak ozqnigure C-14. Distribution of Estimated Ratios for 1990
for the no-control scenario than for the control scp-Control to No-control RADM-Simulated Daytime Aver-

nario. For these eight urban areas, emissions of grég¢ Rural Ozone Concentrations, by RADM Grid Cell.
cursors were higher under the no-control scenar

however, the high proportion of ambient NG»m-
pared to ambient non-methane organic compoun
(NMOCs) in these areas results in a decrease in p
ozone production when N@missions increase. Fig-
These figures indicate that, by 1990, no-contrp 0
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would have been generally higher in both urban a
rural areas. Rural area concentrations differences

in high population density areas, and (b) potential d ontrol to No-control SAQM-Simluated Daytime Aver-

! age Ozone Concentrations, by SAQM Monitor.
ferences in the models used for urban and rural ar sg.10 y SAQ

a

Ozone reductions in both rural and urban are
projected in this analysis are not as proportionally lar

2 sl
¢
as the estimated reductions in emissions of ozone gre- 6
cursors for at least four reasons. First, current kno % i
edge of atmospheric photochemistry suggests that
ozone reductions resulting from emissions chan e§ “r
|

will be proportionally smaller than the emissions r
ductions. Second, biogenic emissions of VOCs,
important ozone precursor, are significant and are held

constant for the control and no-control scenarios jof °
this analysis. Biogenic emissions are important
cause they contribute roughly half of the total

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Ratio of CA A“No-CA A Ozone-Season Daytime A verage Ozone (interval midpoint)

® The no-control scenario nighttime profiles are assumed to be the same as the control scenario profiles.
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(manmade plus natural) VOC emissions nationwide.it is important to consider the central purpose of the
Due to this abundance of VOC loading and the inherPresent study, which is to develop a reasonable esti-
ent nonlinearity of the ozone-precursor response sysmate of the overall costs and benefits of all historical

tem? historical reductions in anthropogenic VOC Clean Air Act programs. All analyses are based on
emissions can yield minimal reductions in ozone, esf@latlve modeled results, and ratios of the model pre-

pecially in rural environments. Third, this rural effect dictions for the control and no-control scenarios, rather

also influences urban areas receiving substantial ozonéan the absolute predictions. As a result of this, the
transported in from surrounding areas. Consequentlyeffect of any bias in the model predictions is greatly
the effect of emission controls placed in urban areageduced due to partial cancellation.

often is reduced since much of the urban area ozone

is imported. Thus, the problem is truly regionalized ~ Additional uncertainty is contributed by other
given the importance of transport, biogenic emissiondimitations of the models, the supporting data, and the
and associated urban-rural interactions, all contribut-Scope of the present analysis. Relying on linear inter-
ing toward a re|ative|y non_responsive atmosphericDOlation between 1970 and modeled 1980 results to
systen?! Finally, physical process characterizations derive results for 1975, and between modeled results
within OZIPM4 are severely limited and incapable of for 1980 and 1990 to derive results for 1985, clearly
hand“ng transport, Comp|ex flow phenomena, andadds to the Uncertainty associated with the RADM-
multi-day pollution events in a physically realistic based rural ozone estimates. Assuming that changes
manner. Consequently, it is possible that the OzIPM4in peak concentration predicted by OZIPM4 and
method used herein produces negative bias tenderPAQM can be applied to scale hourly ozone values
cies in control estimations. Additional discussion of throughout the concentration distribution also contrib-

uncertainties in the ozone air quality modeling is pre-utes to uncertainty. Resource and model limitations

sented in the following section. also required that night-time ozone concentrations be
held constant between the scenarios. This leads to an
Key caveats and uncertainties for ozone underestimation of the night-time component of ozone

transport. Finally, changes in rural ozone in areas not
There are a number of uncertainties in the overalC0Vered by RADM or SAQM could not be estimated.

analytical results of the present study contributed by*S @ result, potentially significant changes in ambi-
the ozone air quality modeling in addition to the po- ent ozone in other major agricultural areas, such as in

tential systematic downward bias discussed abovelle Mid-west, could not be developed for this analy-

First, there are substantial uncertainties inherent in ang'S: 1€ Project Team considered using an emissions
effort to model ozone formation and dispersion. These>cling (I-€., aroll-back) modeling strategy to develop

uncertainties are compounded in the present study b§fude estimates of the potential change in rural ozone
the need to perform city-specific air quality modeling oncentrations in monitored areas outside the RADM

using OZIPM4, which is less sophisticated than an@"d SAQM domains. However, the Project Team con-
Eulerian model such as the Urban Airshed ModeI.C|Uded that such estimates would be unreliable due to

However, while the absolute ozone predictionsforanythe nonlinear effect on ozone of precursor emission

given urban area provided by OZIPM4 may be quiteChangeS' Furthermore, the team concluded that

uncertain, the process of aggregating results for a num2aseliné levels of ozone and changes in precursor

ber of cities and meteorological episodes should sig€MISsions in these areas are relatively low. The deci-

nificantly reduce this uncertain®y.Urban areas for 510N NOt 10 spend scarce project resources on estimat-
which ozone changes may be overpredicted are offsdf'd 020Nn€ changes in these rural areas is further sup-
to some degree by urban areas for which the changBOfted by the relatively modest change in rural ozone

in 0zone concentrations may be underpredicted. Irponcenératlo_ns estimated within the RADM and
weighing the significance of this source of uncertainty, SAQM domains.

2 Nonlinear systems are those where a reduction in precursors can result in a wide range of responses in secondary pollutants
such as ozone. Ozone response often is “flat” or nonresponsive to reductions of VOCs in many rural areas with significant natural
VOC emissions. Also, ozone can increase in response to increasegémi$gions in certain localized urban areas.

2 Both the 1990 CAA and EPA'’s and the National Academy of Science’s Section 185B Report to Congress recognized the
consequences of biogenics, transport and the need to conduct regionalized assessments, as reflected in organizational structures such
as the Ozone Transport Commission and the North American Research Strategy for Tropospheric Ozone (NARSTO).

2 Note that aggregating individual urban area results may reduce the effect of uncertainty in individual city projections (i.e.,
overestimated cities would offset underestimated cities). However, aggregation of individual urban area results would not reduce
potential errors caused by systematic biases which arise due to, for example, misestimated emissions inventories.
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Visibility mentation of the RADM/EM system and the assump-
tions used to configure the visibility calculations are

. ted in the RADM R t (1995).
Two separate modeling approaches were used tgresen edinthe eport ( )

estimate changes in visibility degradation in the east-

q thwestern U.S. Th the t . To estimate differences in control and no-control
ern and southwestern L. 5. 1hese are th€ o regiong.q 5yig visibility in southwestern U.S. urban areas,
of the coterminous U.S. for which Clean Air Act pro-

. ._a modified linear rollback approach was developed
grams were e_xpecFed to hgve yielded .the MOSL Sig g applied to 30 major urban areas with population
_nlflcant reduc_:tlons in visibility degradation. V|S|_b||- eater than 100,000.For each of the 30 urban cen-
ity changes in the eastern 31 states were es'.umat rs, seasonal average 1990 air quality data was com-
based on the RADM/EM resilts for sulfates; and piled for key pollutants, including N@nd PV, con-
changes in visibility in 30 southwestern U.S. urbantributing to visibility degradation in southwestern U.S.

areas were calculated using a linear emissions Sca“ngoastal and inland cities. PMvas then speciated into
approach. Despite the potential significance of Clear],[S key components using} city-specific annual aver-

Air Act-related visibility changes in southwestern U.S. age PN profile data. After adjusting for regional —

Class | areas, such as National Parks, resource limita; - 4 +0°20 e species, city-specific— background lev-
tllons %r(?clt:ﬁed implementation of the analysis els, concentrations of individual light-attenuating spe-
planned ior these areas. cies were scaled linearly based on changes in emis-
sions of that pollutant or a proxy pollut&ghtUsing

i . ...~ the same approach used for the 1993 EPA Report to
sor Whlch computes various measures of visibility Congress on effects of the 1990 Clean Air Act Amend-
degrz?datlon as_souated W'th changes in sulfa_lte a€ % ents on visibility in Class | areas, light extinction
?Olsti TT)e (;aastlcf ap![ohroach [[S to zLajllgcate the I'ght. €X"coefficients for each of these species were then mul-
Inction budget for ihe eastern U.>. among Varlousiplied by their respective concentrations to derive a
aeros_ols, including pa_rt|c_ulate sglfa_tes, nitrates, an ity-specific light extinction budgét. This process
organics. The change in light extinction from sulfates, - repeated for pre-1990 control and all no-control

is provided dlregtly by RADM, thereby refle_ctmg the scenarios by scaling 1990 results by the relative change
complex formation and transport mechanisms assop, annual county-level emissions of SMO, and

ciated with this most significant contributor to light 5\ B4sed on the city-specific light extinction bud-
extinction in the eastern U.S. Nitrates are not esUmate%et calculations, measures for total extinction, visual

d|rectly by RAD,M: Inst.ead, RADM-estimated con- range, and DeciView were calculated for each sce-
centrations of nitric acid are used as a surrogate Qario and target year.

provide the basis for estimating changes in the par-

ticulate nitrate contribution to light extinction. The S STIrTT

organic fractions were held constant between the tWOControl scenario visibility
scenarios. Standard outputs include daylight distribu-
tion of light extinction, visual range, and DeciViévs

The RADM/EM system includes a post-proces-

Unlike the other air quality conditions addressed

for each of RADM's 80-km grid cells. For the present in the present study, modeled visibility conditions are
' used as the basis for the control scenario rather than

study, the RADM visibility post-processor was con- . . o X
y yp P actual historical conditions. However, like the other

figured to provide the 90th percentile for light extinc-
g P P d air quality benefits of the historical Clean Air Act, it

tion and the 10th percentile for visual range to repre- he diff b deled visibil
sent worst cases; and the 50th percentile for both o the differences between modele VISl ||ty outcomes
r the control and no-control scenarios which are used

these to represent average cases. More detailed doc

% A complete discussion, including appropriate references to other documents, of the RADM and RADM/EM modeling
conducted for the present study is presented in the subsection on acid deposition earlier in this appendix.

% The DeciView Haze Index (dV) is a relatively new visibility indicator aimed at measuring visibility changes in terms of human
perception. It is described in detail in the SAI SW Visibility Report (1994), pp. 4-2 to 4-3. See also Pitchford and Malm (1994) for
the complete derivation of the DeciView index.

% Complete documentation of the linear scaling modeling, speciation methodologies, spatial allocation of emissions, and other
data and assumptions are provided by the SAI SW Visibility Report (1994).

* For example, sulfate (SPconcentrations were scaled based on changes in sulfur oxigee{BiSsions.

27 The term “light extinction budget” refers to the apportionment of total light attenuation in an area to the relevant pollutant
species.
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to estimate visibility benefits. Nevertheless, 1990 ab-

solute levels of eastern U.S. V|s.|b|I|ty predicted LFigure C-16. RADM-Predicted Visibility Degradation,
RADM under the control scenario are presented . o -
Expressed in Annual Average DeciView, for Poor Visibiligy

g:ﬁg;i C-16 0 provide a sense of initial visibility cor Conditions (90th Percentile Under the Control Scenario.

For the southwestern urban areas, 1990 conf
scenario annual average light extinction budget,
sual range, and DeciView conditions are listed in Tal
C-15. These 1990 results are presented to give
reader a sense of the initial visibility conditions i
absolute, albeit approximate, terms.

No-control scenario visibility

The no-control scenario visibility results for th
eastern U.S. area covered by RADM are presente
Figure C-17. No-control scenario 1990 outcomes f
the 30 southwestern U.S. urban areas are presentg
Table C-16.

Summatry differences in visibility

DeciView Haze Index

The DeciView Haze Index (dV) has recently be
proposed as an indicator of the clarity of the atm
sphere that is more closely related to human perc
tion than visual range (VR) or total extinction, (b
(Pitchford and Malm, 1994). It is defined by the equ
tion:

Figure C-17. RADM-Predicted Visibility Degradation,
Expressed in Annual Average DeciView, for Poor Visibilgy
Conditions (90th Percentile Under the No-control Scenafio.

d\= 10 1ne % 2)

where:

b,, = total extinction in inverse megameter

(Mm)
This index has the value of approximately 0 wh¢ L‘Z—Gﬁ_ﬂi
the extinction coefficient is equal to the scatterin ’ W3z - 34
coefficient for particle-free air (Rayleigh scattering : ﬁgg - 22
and increases in value by approximately one unit | E > 38

each 10 percent increase if).bSince the apparent
change in visibility is related to the percent change
b,,. (Pitchford et al., 1990), equal changes in dV cq
respond to approximately equally perceptible chang®s
in visibility. Recent research indicates that, for most
observers, a “just noticeable change” in visibility cor-
responds to an increase or decrease of about one to
two dV units.
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Table C-15. 1990 Control Scenario Visibility — Table C-16. 1990 No-control Scenario Visibility Conditions for
Conditions for 30 Southwestern U.S. Cities. 30 Southwestern U.S. Cities.

City Light Visual Deci City IIB_LgdrE;teItE)((g? (,f/t"r%')" Ra\rqsg ?lm ) De(([:jl\\//)lew
Extinction Range View
Budget (b, (km) av) Los Angeles, CA 333.4 9.0 35.1
Mm-:
) San Bemardino, CA 337.3 8.9 35.2
Los Angeles, CA 197.6 15.2 29.8
Riverside, CA 343.2 8.7 35.4
San Bemardino, CA 201.7 14.9 30.0
Anaheim, CA 286.3 10.5 33.5
Riverside, CA 208.3 14.4 30.4
Ventura, CA 194.8 15.4 29.7
Anaheim, CA 170.1 17.6 28.3
San Diego, CA 210.1 14.3 30.4
Ventura, CA 113.3 26.5 24.3
Santa Barbara, CA 183.2 16.4 29.1
San Diego, CA 126.9 23.6 25.4
Bakersfield, CA 356.4 8.4 35.7
Santa Barbara, CA| 112.8 26.6 24.2
Fresno, CA 349.0 8.6 35.5
Bakersfield, CA 215.1 13.9 30.7
Modesto, CA 240.1 12.5 31.8
Fresno, CA 211.7 14.2 30.5
Stockton, CA 248.1 12.1 32.1
Modesto, CA 148.8 20.2 27.0
San Francisco, CA 197.3 15.2 29.8
Stockton, CA 153.1 19.6 27.3
Oakland, CA 188.6 15.9 29.4
San Francisco, CA 120.8 24.8 24.9
San Jose, CA 253.0 11.9 32.3
Oakland, CA 117.5 25.5 24.6
Monterey, CA 141.4 21.2 26.5
San Jose, CA 154.6 19.4 27.4
Sacramento, CA 189.2 15.9 29.4
Monterey, CA 84.7 35.4 21.4
Redding, CA 128.6 23.3 25.5
Sacramento, CA 119.1 25.2 24.8
Reno, NV 416.6 7.2 37.3
Redding, CA 83.2 36.1 21.2
Las Vegas, NV 643.8 4.7 41.6
Reno, NV 147.4 20.3 26.9
Salt Lake City, UT 185.8 16.1 29.2
Las Vegas, NV 157.9 19.0 27.6
Provo, UT 159.0 18.9 27.7
Salt Lake City, UT 117.5 25.5 24.6
Fort Collins, CO 191.2 15.7 29.5
Provo, UT 107.8 27.8 23.8
Greeley, CO 117.0 25.6 24.6
Fort Collins, CO 80.7 37.2 20.9
Denver, CO 284.4 10.5 33.5
Greeley, CO 84.2 35.6 21.3
Colorado Springs, CO 175.8 17.1 28.7
Denver, CO 153.4 19.6 27.3
Pueblo, CO 299.9 10.0 34.0
Colorado Springs, 83.3 36.0 21.2
CcoO Albuquerque, NM 175.8 17.1 28.7
Pueblo, CO 88.1 34.1 218 El Paso, TX 276.3 10.9 33.2
Albuguergue, NM 91.1 32.9 221 Tucson, AZ 272.2 11.0 33.0
El Paso, TX 109.3 27.5 23.9 Phoenix, AZ 429.5 7.0 37.6
Tucson, AZ 85.6 35.0 215 Data Source: SAI SW Visibility R eport (1994).
Phoenix, AZ 125.3 23.9 25.3 - ]
Data Source SAlI SW Visibility Report (1994).
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Both VR and dV are measures of the value of b significant increases in 1990 sulfate concentrations
at one location in the atmosphere. Both are unaffectedssociated with the no-control scenario. (See the ear-
by the actual variability of the compositions and illu- lier discussion of effects in this region in the sections
mination of the atmosphere, so neither is closely linkeddealing with acid deposition.)
to the human perception of a particular scene. The
isolation of these parameters from site-specific varia-  The differences in modeled 1990 control and
tions and temporal fluctuations of the atmospheric il-no-control scenario visibility conditions in the 30
lumination increases their usefulness for comparingsouthwestern U.S. urban areas projected by linear roll-
the effects of air quality on visibility across a range of back modeling are presented in Table C-17. When
geographic locations for a range of time periods. Eaclreviewing these visibility degradation differentials for
parameter attempts to scale thedata so that changes the 30 southwestern U.S. urban areas, it is important
in air quality can be used to provide an indication ofto consider that while estimated differences in visual
changes in the human perception of a scene. range were in many cases very large, changes in the
DeciView Haze Index (dV) may be relatively small.
This is because the perception of visibility degrada-
tion measured by dV may be small when baseline vis-

The differences in modeled 1990 control andibility is high2®2 Even so, the results indicate that, by
no-control scenario visibility conditions projected by 1990, visibility in southwestern U.S. urban areas
the RADM/EM for the eastern U.S. are presented inwould be noticeably worse under the no-control sce-
Figure C-18. The map shows the percent increase imario.
modeled annual average visibility degradation under
poor conditions for 1990 when moving from the con- Key caveats and uncertainties for
trol to the no-control scenario. The results indicate yjsjpjfjty
perceptible differences in visibility between the con-
trol and no-control scenario throughout the RADM There are several sources of uncertainty in the

domain. The relatively large increase in visibility im- pApM and southwestern U.S. linear scaling model
pairment in the Gulf Coast area is a reflection of theanalyses. For RADM. the use of nitric acid as a surro-
gate for estimating changes in light-attenuating ni-

Modeling Results

Figure C-18. RADM-Predicted Increase in Visibility
Degradation, Expressed in Annual Average DeciView,
for Poor Visibility Conditions (90th Percentile) Under th
No-control Scenario.

% See SAI SW Visibility Report (1994), page 5-3.

trate particles ignores the interaction effects of ni-
trates, sulfates, and ammonia. As a result, increases
in nitrates may be overestimated by the model when
both sulfates and nitric acid increase. However, the
significance of this potential overestimation is miti-
gated to some extent by the relative insignificance
of nitrate-related visibility degradation relative to
sulfates which prevails in the eastern U.S.

Several important uncertainties in the south-
western U.S. urban area visibility analysis are de-
scribed in detail in the SAlI SW Visibility Report
(1994). First, the need to use seasonal average con-
ditions leads to underestimation of extreme visibil-
ity impairment episodes associated with high hu-
midity, since particle growth due to water absorp-
tion is highly nonlinear. Second, although the use
of city-specific light extinction and PM speciation
data is significantly better than reliance on regional
averages, uncertainties in city-specific data may
contribute to overall uncertainty in the estimates.
However, overall uncertainty associated with these
factors will be reduced to some extent since over-
estimation of visibility degradation in some cities
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will be offset by underestimations in other cities. Fi-
nally, the linear scaling used to estimate the pre-199( Table C-17. Summary of Relative Change in
control scenarios and the no-control scenarios wa: Visual Range and DeciView Between 1990 Control
based on changes in county-wide or air basin emis and No-control Scenario Visibility Conditions for
sions. Uncertainties associated with apportionment o 30 Southwestern U.S. Cities.

st_ate-vx{ide emission phange_s tp_individual counties ol City VisnallRange || Deciview
air basins may contribute significantly to overall un- () (d)
certainty in the visibility change estimates. Such ap- | Los Angeles, CA 69 -5
portionmen_t is partipulgrly difficu!t for SXOa'mission San Bemardino, CA 67 5
changes, since emission reductions achieved by th Mivercide. CA o .
Clean Air Act tended to be at relatively remote utility ’
and smelter plants. However, sulfates are a relatively | _Anaheim, CA o =
minor source of light attenuation in western urban | ventura, cA 72 -5
areas. San Diego, CA 65 £
. L. . TR Santa Barb CA 62 25
An important overall limitation of the visibility ara “arhara.
analysis conducted for the present study is that only || _Bakersfield, CA 66 -5
southwestern urban areas and the eastern 31 stat || fresno, ca 65 -5
were mcludec!. T_h_e Clean Air Act may ha_v_e contrib- |\ ecto. cA o1 5
uted toward significant reductions in visibility degra-
dation in other areas. For example, Clean Air Act pro- |[-Stockion. CA 62 S
grams to reduce ambient particulate matter may hav: |_San Francisco, CA 63 -5
motivated reductions in silvicultural burning in some | ocakand, ca 61 5
northwestern states. Perhaps the greatest deficienc
. . . San Jose, CA 64 -5
in geographic coverage by the present study is th
omission of visibility changes in Class | areas in the [ _Monterey, CA il =
west. Sacramento, CA 59 5
Redding, CA 55 -4
Reno, NV 183 -10
Las Vegas, NV 308 -14
Salt Lake City, UT 58 -5
Provo, UT 48 -4
Fort Collins, CO 137 -9
Greeley, CO 39 -3
Denver, CO 85 -6
Colorado Springs, CO 111 -7
Pueblo, CO 240 12
Albuquerque, NM 93 -7
El Paso, TX 153 -9
Tucson, AZ 218 -12
Phoenix, AZ 243 -12
Data Source SAI SW Visibility Report (1994).
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