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Forward to the National Park Service
Gaseous Pollutant Monitoring Program
2003 Annual Report

Starting this year, we have moved to a combined report that includes data from all
Gaseous Pollutant Monitoring Program (GPMP) stations. Several parks with state operated
stations are also included. Air quality and meteorological data from these sites for 2003 have
been collected, validated, and made available to EPA, the parks, and the public. The data
summarized in this report can now be accessed and viewed graphically on the NPS Air
Resources Division (ARD) Web site (http://www?2.nature.nps.gov/air/data/). This report also
presents several measures of how well the network has functioned (data precision, accuracy, and
capture rates), and contains summaries related to the pollutant National Ambient Air Quality
Standards and thresholds for resource injury.

The NPS Gaseous Pollutant Monitoring Program objectives are:

Primary Monitoring Objectives
Gaseous Pollutant Monitoring Program

Establish baseline concentrations of air pollution in national parks

Assess trends in air quality

Determine compliance with national ambient air quality standards

Provide data for the development and revision of national and regional air pollution control policies that
are protective of park resources

Provide data for atmospheric model development and evaluation

Identify air pollutants which may injure or damage park natural resources, measure these pollutants, and
correlate observed effects on resources to ambient levels of pollutants

O o=

The baseline pollutant concentrations, the trends, and the degree of compliance with the
national air quality standards, along with indicators that may relate to natural resource injury are
included in this report. This report is also a score card on how well the data was collected and
what the air quality conditions are in each park with gaseous pollutant monitoring. The data
provides a foundation for further analysis by the Air Resources Division, EPA, and researchers
to meet objectives 4 and 5.

Recently, the EPA designated the ozone non-attainment areas under the new 8-hour
ozone standard. These are areas determined by the EPA to be in violation of the standards and to
have unhealthy air quality. Figure 1 presents a map of the non-attainment areas. There are 106
park units within these non-attainment areas; 9 of these parks have ozone monitoring that was
used in making the non-attainment designations. The magnitude of ozone concentrations and the
trends are especially important for these park units in non-attainment areas.

We now have hourly ozone monitoring in 42 park units, but monitoring in all the park
units is clearly too expensive. The Air Resources Division and the Inventory and Monitoring
program have therefore produced a series of geographic information system (GIS) maps of
interpolated data from all network monitors that can be used to estimate the air quality in places
where dlrect measurements are not being made. Figure 2 presents a sample map for the mean
annual 4" highest daily maximum ozone relative to the national 8-hour ozone standard. More
maps for ozone and other pollutants are available at the Air Atlas Web site
(http://www?2.nature.nps.gov/air/maps/airatlas/index.htm).
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Figure 1
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People familiar with previous GPMP annual data summary reports will notice several
things missing; no longer will you receive a data disk, site-specific stackplots of data or other
selected graphics, and summaries of deposition data. These items are now, or will soon be,
available on the ARD Web page (http://www?2.nature.nps.gov/air/data/) and from the CASTNet
program Web page (http://www.epa.gov/castnet/). The CASTNet program now includes the dry
deposition data and some ozone comparisons in their annual report. Changes in the GPMP
annual air quality data summary report reduces the amount of paper usage, recognizes the
changing reports of our monitoring network partners, and effectively uses the Internet to make
data and results more broadly available.

Interpretation and outreach of air quality information has become increasingly important.
The data from the GPMP network monitoring stations is being used in new ways and is available
to the parks and the public on the Internet. Some examples include:

» Several parks now issue ozone advisories using monitoring data and forecasts
(http://www?2.nature.nps.gov/air/data/).

* Current, near real-time data are being presented on the Internet for most parks with
monitoring  through the = EPA  AirNow  program  summary  maps
(http://www.epa.gov/airnow/index.html), and on the ARD Web page
(http://www2.nature.nps.gov/air/data/current/index.htm).

*  One of our most popular products is the collection of NPS Web camera pages which
incorporate live images of scenic views within parks and current air quality and
weather data (http://www2.nature.nps.gov/air/ WebCams/index.htm).

We encourage you to summarize and share the air quality data within your own park,
with the superintendent, with interpreters and rangers, with natural research staff, and with the
public. If you have comments, questions, or need help on air quality issues, e-mail or call us at
the Air Resources Division.

Dr. John D. Ray

GPMP Program Manager
NPS Air Resources Division
Denver, CO

303-969-2820

john d ray@nps.gov
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1.0 INTRODUCTION

The primary objective of the National Park Service (NPS) Gaseous Pollutant Monitoring
Program (GPMP) is to establish the status and trends of park unit air quality conditions and to
determine if a park unit is exceeding the National Ambient Air Quality Standards (NAAQS)
established by the U.S. Environmental Protection Agency (EPA) to protect public health and
welfare. This objective is mandated by the Clean Air Act of 1963 (including the 1970, 1977, and
1990 amendments) and the Organic Act of 1916, which assign the Federal Land Managers the
responsibility of protecting the natural resources in national parks.

Other NPS monitoring objectives call for the collection of data to support the National
Park Service's required involvement in both the development of state air quality control plans,
and the evaluation of permit applications for new or expanding air pollution sources wishing to
locate near park units. The Clean Air Act gives federal land managers an affirmative
responsibility to protect air quality related values in Class I areas and to assess whether new
sources will have an adverse impact on park unit resources and values. Information on air quality
levels in NPS units can also be used to evaluate the performance of atmospheric models that
simulate how pollutants are transported into park units and predict impacts on the park unit
caused by air pollution sources.

To meet these objectives the NPS Air Resources Division (ARD) has established a
network of stations to monitor ozone (O3), sulfur dioxide (SO,), carbon monoxide (CO), oxides
of nitrogen (NOy), and meteorological conditions in the parks. The monitoring methods and
quality assurance procedures adopted by the GPMP network were developed in accordance with
the EPA regulations of 40 CFR, Part 58, Appendix D, which, although addressing primarily
health-effects based monitoring in areas of high population, are generally pertinent to the GPMP.
These design criteria allow for the direct comparison of NPS collected data with that collected by
the EPA, and state and local air pollution control agencies.

As a supplement to the basic network, the ARD also conducts shorter-term air quality
monitoring including passive ozone, portable ozone, and special studies monitoring in selected
parks. In addition, ARD cooperates with other national and state programs that monitor ambient
gases, meteorology, deposition chemistry, particulate matter, ultraviolet radiation, and visibility.

Data collected by this network are incorporated in the EPA Air Quality System (AQS)
database which is a national database of air quality data collected throughout the country. These
data are also stored in the NPS Air Resources Division’s Information Management Center
(IMC), and publicly available through the NPS ARD’s Web sites at
http://www?2.nature.nps.gov/air/data/.
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2.0 NETWORK DESCRIPTION

The National Park Service air quality monitoring strategy has focused primarily on Class
I Areas defined by the Clean Air Act and its amendments, and the Gaseous Pollutant Monitoring
Program network consists of individual stations located in national park units throughout the
United States. The NPS also participates with other agencies in cooperative monitoring
programs. This section describes the GPMP network and cooperating programs.

2.1 GPMP NETWORK MONITORING

During 2003, fifty three (53) monitoring sites in forty two (42) units of the National Park
System conducted some combination of ozone, sulfur dioxide, and meteorological monitoring.
The locations of the sites that operated during the year are presented on the map in Figure 2-1.
The parameters monitored at each park unit are indicated with colored flags. The enhanced
gaseous category indicates that additional or high resolution gaseous monitoring occurs at the
park. Monitoring agencies and park units with more than one monitoring site are indicated. Site
specifications, including site names, abbreviations, AQS identification numbers, locations, and
monitored parameters are listed in Table 2-1.

In addition to monitoring for regulatory compliance, the NPS added non-certified
monitoring sites to the GPMP in 2003. These sites employ portable non-reference, non-
equivalent method ozone and meteorological monitoring stations, generally configured for solar
and battery power. The portable stations are intended for short-term seasonal use at locations
where reference method monitoring has not occurred or is not practical. Throughout this report,
portable network monitoring site names in tables and figures have been underlined to distinguish
them from EPA-certified sites.

2.2 COOPERATING PROGRAMS

Data from cooperating programs are reported by those programs and are not included in
this report. The exception to that is ozone and meteorology collected in NPS units by state
agencies which supplement the data collected by the GPMP.

State Programs
The NPS cooperates with a number of state agencies. At some sites, state air quality
agencies provide measurement and operations support, and data are generally shared directly
among cooperating agencies. Relevant ozone and meteorological data submitted by states to the
EPA AQS are retrieved for inclusion in this report. Throughout this report, state-operated and
reported monitoring site names in tables and figures have are indicated in italics.

CASTNet
Most GPMP stations operate in a cooperative effort with the EPA Clean Air Status and
Trends Network (CASTNet). Weekly integrated particulate samples are collected on filter packs
at CASTNet sites. The samples are analyzed for ambient atmospheric nitrates, sulfates,
ammonium, sulfur dioxide, and nitric acid, and the results are used to estimate atmospheric dry
deposition. More information is available at the CASTNet Web site:
http://www.epa.gov/castnet/
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Passive Ozone
To expand the spatial sampling of ozone in national parks, the Research and Monitoring
Branch, (RMB) of the NPS ARD adopted the use of low-cost passive ozone samplers. Weekly
integrated ozone concentrations are measured in the parks during the ozone season, typically late
spring through early fall. Operators change the ozone badges weekly and mail them to a contract
laboratory for analysis. The results are compiled and reported by RMB.

IMPROVE
The Interagency Monitoring of Protected Visual Environments (IMPROVE) is a
consortium of federal and state land managers and agencies which conduct visibility monitoring
in Class I wilderness areas, including National Parks. A number of instruments are used to
monitor visibility, including:

» Aecrosol samplers, which collect 24-hr integrated particle samples every 3 days on a
series of filter media. Filters are later analyzed for PM, s and PM;, mass, elements,
ions, and carbon compounds.

» Transmissometers, which directly measure the atmospheric light extinction over a
sight path of several kilometers.

* Nephelometers, which perform point optical measurements of the scattering
component of atmospheric light extinction.

* Cameras which document the appearance of a scene as viewed through the
atmosphere. Digital images from many sites are posted to the Internet along with
relevant air quality data and other information in near real-time for public viewing.

More information is available at the IMPROVE Web site: http://vista.cira.colostate.edu/improve/

NADP-NTN and NADP/MDN

The National Atmospheric Deposition Program — National Trends Network (NADP-
NTN) includes wet and dry deposition monitoring at over 250 sites nationwide. The NADP
network has been collecting data for over 20 years, and is coordinated from the Program Office
at the Illinois State Water Survey in Champaign-Urbana, Illinois. Data are presented in terms of
both the mean concentrations of major ions, along with total chemical loading in annual rainfall
and snowfall, expressed by kilograms/hectare. The National Atmospheric Deposition Program —
Mercury Deposition Network (NADP-MDN) includes wet mercury deposition monitoring at
over 80 sites nationwide. More information about both of these programs is available at the
NADP Web site: http://nadp.sws.uiuc.edu/

PRIMENet
The Park Research and Intensive Monitoring of Ecosystems Network (PRIMENet), is a
joint EPA-NPS program to assess the effects of environmental stressors on ecological systems
nation wide. A system of monitoring and research sites has been established in National Parks,
and in addition to monitoring air at those parks, ultraviolet radiation (UV-B), is measured using a
spectrophotometer. More information is available at the PRIMENet Web site:
http://www.forestry.umt.edu/research/ MFCES/programs/primenet/
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3.0 DATA SUMMARIES

Ground-level ozone and sulfur dioxide are regulated under the Clean Air Act, the
comprehensive federal law that regulates air emissions in the United States. Among other things,
the Clean Air Act requires the U.S. EPA to set standards for “criteria pollutants”. These
standards, known as the National Ambient Air Quality Standards (NAAQS), define the national
targets for acceptable concentrations of each of the criteria pollutants. For each pollutant, EPA
has developed two NAAQS standards:

* The “primary standard,” which is intended to protect public health, including the
health of “sensitive” populations such as asthmatics, children, and the elderly.

* The “secondary standard,” which is intended to prevent damage to the environment
and property, including protection against decreased visibility, damage to animals,
crops, vegetation, and buildings.

This section presents 2003 data summaries for the NPS Gaseous Pollutant Monitoring
Program. Data collection statistics for all sites are presented first, followed by data summaries
for ozone, sulfur dioxide, and meteorological parameters. In all data summary products, site
names of EPA-certified sites operated by the NPS are indicated with plain text, site names of
EPA-certified sites operated by state agencies are written in ifalics, and site names of portable
ozone sites operated by the NPS are underlined.

3.1 DATA COLLECTION

Table 3-1 presents data collection statistics for each parameter by site and presents the
overall network average by parameter. The network average valid data collection for ozone was
94.5%, and for sulfur dioxide was 96.9%.

Table 3-2 presents a network summary of data collection statistics by parameter. Annual
and quarterly network average statistics are presented, along with the number and percentage of
sites which met the minimum EPA data collection criteria of 75%. For 2003, 48 of 50 ozone
sites and 6 of 6 sulfur dioxide sites met or exceeded the annual EPA criteria.
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3.2 OZONE DATA SUMMARIES

Ground-level ozone, produced by the reaction of nitrogen oxides (NOy) and volatile
organic compounds (VOC:s) in the presence of sunlight, is one of the most widespread pollutants
affecting vegetation and public health in the U.S. Although ozone is principally viewed as an
urban problem, ozone and its precursor emissions can travel long distances, resulting in elevated
ozone levels in national parks. Combustion processes from power plants, automobiles, and
industries are the main anthropogenic emitters of oxides of nitrogen. Vehicles, industries, and
natural vegetation emit VOCs.

Exposure to ozone affects human health, causing acute respiratory problems, aggravation
of asthma, temporary decreases in lung capacity in some adults, inflammation of lung tissue, and
impairment of the body’s immune system. Ozone also affects vegetation in national parks.
Research shows that some plants are more sensitive than humans to ozone and that effects on
plants occur well below the EPA air quality standard.

The NAAQS primary standard for ozone is 0.08 ppm over an 8-hour period. An
exceedance of the standard occurs when an 8-hour average ozone concentration is greater than or
equal to 85 ppb. An exceedance of the standard is not the same thing as a violation. A violation
occurs when the 3-year average of the fourth highest daily maximum 8-hour average ozone
concentration equals or exceeds 85 ppb. The secondary ozone standard defined by the EPA is
the same as the primary standard.

To quantify ozone exposure to plants, various indices other than the primary and
secondary standards are often used. These indices, the SUM06, W126, and N100, are believed to
be biologically relevant because they take into account both peak ozone concentrations and
cumulative exposure to ozone. These indices are described further in Section 3.2.4.

3.2.1 Annual Ozone Summaries

Table 3-3 summarizes O3 measurements with respect to the daily 8-hour average
maximum concentrations at each EPA-certified monitoring site. The five highest 8-hour average
maximum ozone concentrations are listed, as well as the total number of days with 8-hour
average ozone values greater than or equal to 85 ppb. The fourth highest value column and the
number of days column are both color-coded to identify sites that had exceedences during 2003
and the number that occurred.

Table 3-4 presents similar information for the non-EPA certified (portable) sites. Ozone
summary statistics from portable stations should be compared to EPA standards for reference
purposes only.

The map in Figure 3-1 presents the annual fourth highest 8-hour average ozone
concentrations for all network sites listed in Tables 3-3 and 3-4. Ozone values for EPA-certified
sites are color-coded to represent values below (green) and above (orange and red) the national
standard. Data from portable sites (no color) are included for reference only.

The map in Figure 3-2 presents the annual number of days with 8-hour average ozone
values greater than or equal to 85ppb for all network sites listed in Tables 3-3 and 3-4. The data
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points are color-coded to distinguish between sites that did not exceed NAAQS (green) and those
that did (orange and red). Data from portable sites (no color) are included for reference only.

The map in Figure 3-3 presents the annual second highest 1-hour average ozone
concentrations for all network sites. Ozone values for EPA-certified sites are color-coded to
represent 4 distinct levels. Ozone values from portable sites (no color) are included for reference
only.
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Table 3-3

Summary of Ozone Data by Site
Highest Daily 8-Hour Average Maximum Concentrations (ppb)
2003
National Park Service Gaseous Pollutant Monitoring Program

. . . Valid Number 1st 2nd 3rd 4th 5th  # Days with 8-Hour Average
National Park Unit Site Name of Days  Highest Highest Highest Highest' Highest O3 Values >=85 ppb'
Acadia Cadillac Mountain 271 103 91 86 83 81 3

Badlands Visitor Center 149 71 69 69 67 67 0

Cape Cod Cape Cod 170 110 94 94 189 88 [8

(=]

Chamizal Chamizal 338 80 79 75 74 73

Channel Islands Santa Rosa Island 339 68 67 64 64 63

(=]

—_

Compens Cowpens 362 87 82 79 79 76

(=]

Denali Headquarters 361 61 54 54 54 54

(=]

Everglades Beard Center 310 79 69 68 67 65

Great Basin Maintenance Yard 356 79 74 73 71 70

(=]

—_

Great Smoky Mountains Cades Cove 214 88 81 71 71 70

(S5}

Great Smoky Mountains Cove Mountain 357 93 92 85 82 81

(=]

Great Smoky Mountains Purchase Knob 205 84 83 82 81 80

Joshua Tree Yucca Valley 345 119 115 112 [ 107

—_

Mammoth Cave Houchin Meadow 360 90 84 79 76 75

Mount Rainier Tahoma Woods 341 79 75 74 74 72

(=]

Olympic Visitor Center 348 50 48 48 46 44

(=]

Pinnacles East Entrance Station 360 88 84 80 79 78

—_

—_

Saguaro Pima County 355 87 84 78 76 76

Sequoia and Kings Canyon  Lower Kaweah 330 102 101 101 [100 100

Shenendoah Big Meadows 330 104 100 91 |86 86

Virgin Islands Lind Point 281 44 44 44 43 41

(=]

Yellowstone Water Tank 301 71 68 66 65 65

(=]

Yosemite Turtleback Dome 361 102 96 9 [90 90

1. The primary and secondary National Ambient Air Quality Standard for ozone is 0.08 ppm over an 8-hour period. (An exceedance of the standard occurs when
an 8-hour average ozone concentration is greater than or equal to 85 ppb. A violation of the standard occurs when the 3-year average of the fourth highest daily
maximum 8-hour average ozone concentration equals or exceeds 85 ppb.) Exceedances of the standard are highlighted here in orange or red.

Operating agency key: Color shading key:
plain text = site operated by the National Park Service 4th highest 8-hr. avg. # days with 8-hr. avg. >= 85 ppb
italics = site operated by a state agency = 85 - 104 ppb ozone concentration =4-10 days
>105 ppb ozone concentration >10days
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Table 3-4
Summary of Ozone Measurements from Portable Ozone Stations'’
Highest Daily 8-Hour Average Maximum Concentrations (ppb)
2003
National Park Service Gaseous Pollutant Monitoring Program

Valid Number 1Ist 2nd 3rd 4th 5th  # Days with 8-Hour Average
National Park Unit Site Name of Days Highest Highest Highest Highest’? Highest O3 Values >=85 ppb?
Big South Fork Portable Ozone 80 76 65 65 64 64 0
Black Canyon of the Gunnison  Portable Ozone 111 72 72 70 67 67 0
Grand Canyon Portable Ozone 134 77 68 68 67 66 0
Isle Royale Portable Ozone 55 65 64 61 60 60 0
Lake Mead Portable Ozone 113 87 78 77 77 76 1

1. The GPMP portable ozone stations do not meet EPA standards for regulatory monitoring. However, ozone summary statistics from portable
stations can be compared to EPA standards for reference purposes.

2. The primary and secondary National Ambient Air Quality Standard for ozone is 0.08 ppm over an 8-hour period. (An exceedance of the standard
occurs when an 8-hour average ozone concentration is greater than or equal to 85 ppb. A violation of the standard occurs when the 3-year average of
the fourth highest daily maximum 8-hour average ozone concentration equals or exceeds 85 ppb.)
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3.2.2 Ozone Violation Summaries

Table 3-5 presents an ozone violation summary for all 3-year periods over the last ten
years, with violations indicated in orange and red. Table values in parentheses indicate that the
EPA data completeness requirement for the 3-year period was not met. However, annual fourth
highest daily maximum 8-hour ozone concentrations greater than or equal to 85 ppb for calendar
years not meeting the EPA data completeness requirement are included in the NAAQS violation
computation.

Figure 3-4 presents a ranked list of sites based on the 2001 — 2003 ozone violation
summary data presented in the first column of Table 3-5. Sites which met the EPA data
completeness requirement are indicated with solid black bars, those which did not are indicated

with open bars. Sites displaying an open bar with an ozone concentration greater than or equal to
85 ppb are in violation of the NAAQS.

3-14



Figure 3-4
Ozone Violation Summary Ranking

3-Year Average 4th Highest Daily Maximum 8-Hour Average Ozone Concentrations (ppb)
2001 - 2003
National Park Service Gaseous Pollutant Monitoring Program

Sequoia and Kings Canyon - Ash Mountain -

Sequoia and Kings Canyon - Lookout Point
Sequoia and Kings Canyon - Lower Kaweah
Joshua Tree - Yucca Valley
Cape Cod
Acadia - Cadillac Mountain
Great Smoky Mountains - Cove Mountain

Great Smoky Mountains - Look Rock

Great Smoky Mountains - Clingmans Dome
Yosemite - Turtleback Dome

Acadia - McFarland Hill

Shenendoah - Big Meadows

Great Smoky Mountains - Purchase Knob
Cowpens

Death Valley - Park Village

Pinnacles - East Entrance Station

Rocky Mountain - Longs Peak Ranger Station
Mammoth Cave - Houchin Meadow
Chamizal

Congaree Swamp - Congaree Bluff

Great Smoky Mountains - Cades Cove

Grand Canyon - The Abyss

Saguaro - Pima County

Lassen Volcanic - Monzanita Lake Maintenance Atrea
Canyonlands - Island in the Sky

Great Basin - Maintenance Yard

Chitricahua - Entrance Station

Mesa Verde - Maintenance Yard

85 ppb or greater
] violates the 8-hr

Badlands - Visitor Center ] I I

Yosemite - Merced River 1 ;
ozone National

Ambient Air
Yellowstone - Water Tank Quality Standard

Craters of the Moon - Visitor Center j
Channel Islands - Santa Rosa Island

Voyageurs - Sullivan Bay

Petrified Forest - Horse Barn
Big Bend - K-Bar Ranch Road
Mount Rainier - Tahoma Woods

Theodote Roosevelt - Visitor Center
I

Everglades - Beard Center

Denali - Headquarters

Glacier - West Glacier Horse Stables

North Cascades - Marblemount Ranger Station

0 20 40 60 80 100 120

Ozone Concentration (ppb)

I Data Completeness Met
—— 1 Data Completeness Not Met

The primary ozone standard requires 90 percent data completeness, on average, duting the 3-year period, with no single year within the
period having less than 75 percent data completeness. This data completeness requirement would have to be satisfied in order to
determine that the standard has been met at a monitoring site. However, calendar years with less than 75 percent data completeness ate
included in the computation if the annual fourth-highest daily maximum 8-hour concentration is greater than the level of the standard.
A site could be found not to have met the standard with less than complete data.
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3.2.3 Long-Term Ozone Trends

Determination of trends is an important monitoring network objective. It is also difficult
because the definition of a trend is unclear, the pollutant emission rates are constantly changing,
and annual climate variations can dominate over ozone production and transport factors. Several
methods for trend determination have been explored, but only two will be presented here. The
Thiel method is a non-parametric statistical technique used by the IMPROVE visibility program
for trend determination. It is not dependant on a normal distribution, is tolerant of missing data,
and handles outlier points well. A somewhat relaxed statistical significance level of 0.15 is used
so that early warning of changes in ozone concentrations is possible from the network. Table 3-6
and Figures 3-5 and 3-6 present trend results using this method.

In Figure 3-5 the ozone trend for the 4™ highest daily 8-hour maximum concentration
relates most closely to the ozone standard. Over a 10-year period, the intermountain western
parks and Congaree Swamp in South Carolina have shown increasing ozone. In Figure 3-6,
ozone trends for the maximum annual 1-hour concentration also show increases in the
intermountain west over the last 10 years.

A more commonly used trend technique is linear regression. This method has several
problems, including the expectation of a consistent geometric progression. Comparisons of the
linear trend and the time series plots of ozone can be helpful (Figures 3-7 and 3-8). At some
monitoring sites progressions are evident while at other sites fluctuations are large and the trend
line may have been dominated by a small number of points. Using information from both trend
methods gives a richer understanding of the changes.

Figure 3-7 shows linear regression trends in the annual 4 highest daily maximum 8-hour
average ozone values for selected western parks. Yellowstone, Rocky Mountain, Mesa Verde,
and Grand Canyon National Parks have upward trends that are fairly consistent. The other parks
have variations that make it much harder to be confident in the trend line. Figure 3-8 also
displays linear regression trends for selected eastern parks. The upward trend at Congaree
Swamp has an orderly progression. The upward linear trends at Shenandoah, Great Smoky
Mountains, and Mammoth Cave have a strong downward swing that started in 1999.
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Table 3-6

Trends in Maximum Daily 1-Hour Average Ozone Concentrations
1994 - 2003
National Park Service Gaseous Pollutant Monitoring Program

National Park Unit Site Name Ozone Slope (ppb/yr) P-Value'
0.14

North Cascades Marblemount Ranger Station

Mesa Verde Maintenance Yard - 0.01
ot s g e
Congaree Swamp Bluff - 0.24

Sequoia/Kings Canyon Lookout Point

Yellowstone Water Tower - 0.04
Vo swny g os
Grand Canyon The Abyss - 0.08

0.50

Great Smoky Mountains Cove Mountain

0.00
Canyonlands Island in the Sky

(=] S
[N S
BN (%21

Chiricahua Entrance Station

= IR =15
= IS
o —

Glacier Horse Stables

o =)
S N
[e [S8)

Great Smoky Mountains Cades Cove

Pinnacles East Entrance Station

o
N
s

Acadia Cadillac Mountain

‘
o
o

Death Valley Park Village

=}
©
e

Olympic Visitor Center

Mammoth Cave Houchin Meadow 0.50

Compens Cowpens

Sagnaro Pima County

Joshua Tree Yucca Valley

1. Any P-value less than or equal to the defined significance level of 0.15 indicates a significant slope.

Operating agency key: Color shading key:
plain text = site operated by the National Park Service

= ozone slope > 0
italics = site operated by a state agency = ozone slope < 0

= P-value <= 0.15

i
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Figure 3-7

Trends at Western Parks in Annual 4th Highest Daily Maximum
8-Hour Average Ozone Concentration

1994 - 2003

National Park Service Gaseous Pollutant Monitoring Program
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Figure 3-8

Trends at Eastern Parks in Annual 4th Highest Daily Maximum
8-Hour Average Ozone Concentration

1994 - 2003

National Park Service Gaseous Pollutant Monitoring Program
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3.2.4 Resource Injury Indices

To quantify ozone exposure to plants, various indices other than the primary and
secondary standards are often used. These indices, defined below, take into account both peak
ozone concentrations and cumulative exposure to ozone.

*  SUMO6 — A cumulative index that is calculated as the maximum 3-month sum of the
0800-2000 hourly average ozone concentrations equal to or greater than 0.06 ppm (60
ppb). The units of this index are ppm-hr. Several thresholds have been developed for

SUMO6:
No risk to ozone sensitive vegetation 0 - 7 ppm-hr
Higher risk to ozone sensitive vegetation 8 - 16 ppm-hr
Highest risk to ozone sensitive vegetation > 16 ppm-hr

* WI126 — A cumulative index that is calculated as the sum of the 0800-2000 weighted
hourly ozone concentrations during the EPA-designated ozone season, where a
weighting function is used to give increasing significance (weights between 0 and 1)
to concentrations of ozone greater than 0.040 ppm (40 ppb), and no weight to
concentrations below 0.040 ppm (40 ppb). Units of this index are ppm-hr.

* N100 — The number of hours with ozone concentrations greater than or equal to 0.10
ppm (100 ppb). This index is reported without units. The N100 index is often
considered along with the W126 in assessing the possible impact of the exposure.
Several thresholds have been developed for W126 and N100:

W126 N100
Highly Sensitive Species 5.9 ppm-hr 6
Moderately Sensitive Species 23.8 ppm-hr 51
Low Sensitivity 66.6 ppm-hr 135

Table 3-7 presents the resource injury summary statistics for 2003. Summaries for
portable ozone sites are included for reference only. Since portable sites are deployed for short-
term seasonal use, there may be significant biases in SUM06, W126, and N100 exposure indices
calculated from their data.

The map in Figure 3-9 presents the annual 3 month maximum SUMO06 exposure index for
all network sites listed in Table 3-7. Index values are color-coded to represent three distinct
levels of cumulative exposure. Data from portable sites (no color) are included for reference
only.

Ozone sensitive plant species at sites with a cumulative SUMO06 of 0-7 ppm-hr are
unlikely to experience foliar injury or growth reduction because of ozone. Sites with a SUM06
of 8-16 ppm-hr have a higher risk to sensitive vegetation; sites with a SUMO06 greater than 16
ppm-hr have the highest risk for ozone foliar injury or growth effects. These risks are relative
and the thresholds are not absolute. Ozone effects depend not only on ozone exposure, but on
other factors that may ameliorate or magnify the extent of ozone injury, including soil moisture,
presence of other air pollutants, insects or diseases, and other environmental stresses. A high

3-22



SUM 06 exposure in a drought year, for example, may not result in vegetation injury because
stomatal closure to prevent moisture loss will also prevent ozone uptake.

In evaluating risk to vegetation from ozone, it is useful to consider not only the SUMO06
but also the W126 and N100 exposures. If both exposure indices are above thresholds for

effects, the potential for injury increases.
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Table 3-7

Summary of Indices for Resource Injury (SUMO06, W126, and N100)
2003
National Park Service Gaseous Pollutant Monitoring Program

National Park Unit Site Name \szl:/(; (Sptlii\n/[?]g;) (p\zrlr%f;r) N1003
Acadia Cadillac Mountain 99.9 20.3 29.8 9
Acadia  McFadandHl 994 148 217 0
Badlands Visitor Center 99.5 0.0 8.9 0
BigBend ~ KBarRanchRoad 981 98 242 0
Big South Fork Portable Ozone 79.3 4.6 7.5 0

Cape Cod Cape Cod 95.7 30.5 36.7 21

Chamizal Chamizal 96.0 13.9 22.6 5

Channel Islands Santa Rosa Island 89.2 5.3 13.9 0

Cowpens Cowpens 99.7 15.8 27.7 2

Denali Headquarters 99.3 0.3 9.0 0

Everglades Beard Center 88.8 3.9 9.3 0

Great Basin Maintenance Yard 98.5

Grand Canvon Portable Ozone 99.9

L

Great Smoky Mountains Clingmans Dome 93.3

Great Smoky Mountains Look Rock 99.2 45.8 77.8 11

Hawaii Volcanoes Thurston Lava Tubes 95.4 0.0 1.9 0

Yucca Valley 96.3

Joshua Tree

Lassen Volcanic Monzanita Lake Maintenance Area 98.8 12.9 24.4 0

Mesa Verde Maintenance Yard 98.6 27.5 46.4 0

North Cascades Marblemount Ranger Station 88.1 1.1 4.1 0

Petrified Forest Horse Barn 97.8 39.7 51.2 0

Rocky Mountain Longs Peak Ranger Station 99.4 . 81.3 4

Sequoia and Kings Canyon Ash Mountain 91.7 . 126.6 184

Sequoia and Kings Canyon Lookout Point 81.7 . 109.4 118
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Table 3-7 (cont.)

Summary of Indices for Resource Injury (SUMO06, W126, and N100)
2003
National Park Service Gaseous Pollutant Monitoring Program

National Park Unit Site Name 8:1:{; (Spll;)ur\n/[?lf;) (p\zrlr%gir) N1003
Theodore Roosevelt Visitor Center 99.9 1.2 15.2 0
Virgin Islands Lind Point 88.6 0.0 1.4 0
Voyageurs Sullivan Bay 99.2 8.1 19.2 0
Yellowstone Water Tank 91.0 15.5 32.9 0
Yosemite Merced River 74.3 2.9 8.1 0
Yosemite Turtleback Dome 99.5 84.1 109.5 15

1. SUMOG exposure index represents the sum of all hourly ozone concentrations equaling or exceeding 0.06 ppm. The value reported here
represents a three month maximum value for the year. Units are ppm-hr.

2. W126 exposure index represents the sum of all hourly ozone concentrations where each concentration is weighted by a function that gives
greater emphasis to the higher hourly concntrations while still including the lower ones. Units are ppm-hr. For more information on the W126
exposure index go to http://www2.nature.nps.gov/air/maps/AirAtlas/air_quality_glossary.pdf

3. N100 represents the number of hourly ozone concentrations greater than or equal to 0.100 ppm (100 ppb).

Operating agency key:

plain text = site operated by the National Park Service
italics = site operated by a state agency
underline = site operated by the National Park Service, but consisting of non-EPA certified protable instrumentation
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33 SULFUR DIOXIDE DATA SUMMARIES

Sulfur dioxide is a criteria pollutant that alone, and after chemical transformation into
particulate sulfate, is responsible for health and environmental impacts. Both sulfur dioxide and
sulfate can cause respiratory problems. Sulfur dioxide can react with other chemicals and water
in the air to form acid rain which is detrimental to plant and watershed resources. Sulfate is one
of the particulate species responsible for visibility degradation and regional haze.

There are several National Ambient Air Quality Standards for sulfur dioxide. The
primary annual NAAQS is an annual arithmetic mean of 0.03 ppm (34 ppb). The primary daily
NAAQS is a 24-hour mean of 0.14 ppm (144 ppb). The secondary NAAQS is a 3-hour mean of
0.50 ppm (549 ppb). Table 3-8 summarizes sulfur dioxide measurements for comparison to
these standards and lists the number of exceedances for each. Maximum hourly concentrations
for each site are also presented in the table for reference.
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34 METEOROLOGICAL DATA SUMMARIES
Meteorological data collected along with air quality parameters are used to better
understand the causes and impacts of air pollution. In addition, meteorological data are essential

for air quality modeling efforts.

Table 3-9 presents a summary of selected meteorological data for all sites. The
parameters included are wind speed, ambient temperature, relative humidity, and precipitation.

Figure 3-10 presents annual wind roses, a graphical representation of summarized wind
speed and wind direction data for all sites.
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Figure 3-10
Annua Wind Rose by Site

2003
Acadia National Park Acadia National Park
Cadillac Mountain McFarland Hill
WNW
W
WSW
Scalar Wind Speed (m/s)
CALM < -5
0.0-0.9
99.6% Collected 99.6% Valid 99.8% Collected 99.2% Valid
3853 Possible /3839 Collected /3839 Valid 1.0-3.9 8760 Possible /8741 Collected /8689 Valid
(includes WS and WD) e (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Badlands National Park Big Bend National Park
Visitor Center 13.0-15.9 K-Bar Ranch Road
16.0-18.9
19.0+
100.0% Collected 100.0% Valid 99.2% Collected 99.2% Valid
3672 Possible /3671 Collected /3671 Valid 8760 Possible /8692 Collected /8692 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)
Annua Wind Rose by Site

2003
Big South Fork Black Canyon
National River and Recreation Area of the Gunnison National Park
Portable Ozone Portable Ozone
WNW
W
WSW
Scalar Wind Speed (m/s)
CALM <-5
0.0-0.9
99.2% Collected 99.2% Valid ) 100.0% Collected 100.0% Valid )
2506 Possible /2487 Collected /2487 Valid 1.0-3.9 2673 Possible /2673 Collected /2673 Valid
(includes WS and WD) R (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Cape Cod National Canyonlands National Park
Seashore 13.0-15.9 Island in the Sky
16.0-18.9
19.0+
99.8% Collected 99.8% Valid 99.8% Collected 99.5% Valid
8760 Possible /8745 Collected /8745 Valid 8760 Possible /8743 Collected /8718 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)
Annua Wind Rose by Site

2003
Chamizal National Chiricahua National
Memorial Monument
Entrance Station
WNW
w
WSwW
Scalar Wind Speed (m/s)
CALM < -5
0.0-0.9
98.8% Collected 98.7% Valid 99.7% Collected 99.7% Valid
8760 Possible /8659 Collected /8649 Valid 1.0-3.9 8760 Possible /8738 Collected /8738 Valid
(includes WS and WD) T (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Craters of the Denali National Park
Moon National Monument 13.0-15.9 Headquarters
Visitor Center : :
16.0-18.9
19.0+
99.2% Collected 99.2% Valid 99.6% Collected 99.3% Valid
8760 Possible /8694 Collected /8694 Valid 8760 Possible /8725 Collected /8699 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)

Annua Wind Rose by Site

2003
Death Valley Everglades National Park
National Park Beard Center
Park Village
WNW
W
WSW
Scalar Wind Speed (m/s)
CALM < -5
0.0-0.9
99.7% Collected 97.8% Valid 92.0% Collected 91.6% Valid
8760 Possible /8732 Collected /8564 Valid 1.0-3.9 8760 Possible /8056 Collected /8025 Valid
(includes WS and WD) T (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Glacier National Park Great Basin National Park
West Glacier Horse Stables 13.0-15.9 Maintenance Yard
16.0-18.9
19.0+
98.8% Collected 95.5% Valid 99.2% Collected 96.0% Valid
8760 Possible /8656 Collected /8364 Valid 8760 Possible /8689 Collected /8410 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Grand Canyon
National Park
The Abyss

98.9% Collected 59.1% Valid
8760 Possible /8667 Collected /5174 Valid
(includes WS and WD)

Final Validation

Great Smoky Mountains
National Park
Cades Cove

99.9% Collected 99.9% Valid
8760 Possible /8747 Collected /8747 Valid
(includes WS and WD)

Final Validation

Figure 3-10 (cont

)

Annua Wind Rose by Site

2003 Grand Canyon
National Park
Portable Ozone
WNW
W
WSwW
Scalar Wind Speed (m/s)
CALM <-5
0.0-0.9
100.0% Collected 100.0% Valid
1.0-3.9 3223 Possible /3222 Collected /3222 Valid
T (includes WS and WD)
4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Great Smoky Mountains
13.0-15.9 National Park
) ’ Clingmans Dome
16.0-18.9
19.0+
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74.6% Collected 73.3% Valid
4416 Possible /3295 Collected /3235 Valid
(includes WS and WD)

Final Validation



Figure 3-10 (cont.)
Annua Wind Rose by Site

2003
Great Smoky Mountains Great Smoky Mountains
National Park National Park
Cove Mountain Look Rock

Scalar Wind Speed (m/s)

CALM < -5
0.0-0.9
99.6% Collected 97.5% Valid 98.4% Collected 98.4% Valid
8760 Possible /8728 Collected /8537 Valid 1.0-3.9 8760 Possible /8621 Collected /8621 Valid
(includes WS and WD) e (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Hawaii Volcanoes Hawaii Volcanoes
National Park 13.0-15.9 National Park
Observatory ’ ’ Thurston Lava Tubes
16.0-18.9
19.0+
WNW
w
WSW
100.0% Collected 100.0% Valid 99.8% Collected 99.8% Valid
8760 Possible /8759 Collected /8758 Valid 8760 Possible /8744 Collected /8744 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)
Annua Wind Rose by Site

Hawaii Volcanoes 2003 Isle Royale National Park

National Park Portable Ozone
Visitor Center

Scalar Wind Speed (m/s)
CALM < -5
0.0-0.9
99.8% Collected 99.8% Valid 99.9% Collected 91.2% Valid
8760 Possible /8744 Collected /8744 Valid 1.0-3.9 3475 Possible /3473 Collected /3170 Valid
(includes WS and WD) R (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Joshua Tree National Park Lake Mead National
Yucca Valley 13.0-15.9 Recreation Area
: : Portable Ozone
16.0-18.9

19.0+
99.5% Collected 98.8% Valid 92.0% Collected 92.0% Valid
8760 Possible /8715 Collected /8657 Valid 3157 Possible /2904 Collected /2904 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)
Annua Wind Rose by Site

Lassen Volcanic 2003 Mammoth Cave
National Park National Park
Monzanita Lake Maintenance Area Houchin Meadow
WNW
w
WSwW
Scalar Wind Speed (m/s)
CALM < -5
0.0-0.9
97.3% Collected 92.2% Valid 99.6% Collected 99.5% Valid
8760 Possible /8520 Collected /8075 Valid 1.0-3.9 8760 Possible /8723 Collected /8715 Valid
(includes WS and WD) T (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Mesa Verde National Park Mount Rainier
Maintenance Yard 13.0-15.9 National Park
: : Tahoma Woods
16.0-18.9
19.0+
99.4% Collected 88.5% Valid 98.6% Collected 88.4% Valid
8760 Possible /8706 Collected /7756 Valid 8660 Possible /8542 Collected /7654 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)

Annua Wind Rose by Site

2003
North Cascades Olympic National Park
National Park Visitor Center
Marblemount Ranger Station
WNW
w
WSW
Scalar Wind Speed (m/s)
CALM <-5
0.0-0.9
98.1% Collected 90.6% Valid 100.0% Collected 100.0% Valid
8760 Possible /8597 Collected /7933 Valid 1.0-3.9 8760 Possible /8757 Collected /8757 Valid
(includes WS and WD) T (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Petrified Forest Pinnacles National
National Park 13.0-15.9 Monument
Horse Barn ' ! East Entrance Station
16.0-18.9
19.0+
97.8% Collected 97.8% Valid 99.5% Collected 95.6% Valid
8760 Possible /8563 Collected /8563 Valid 8760 Possible /8719 Collected /8372 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)
Annua Wind Rose by Site

| 2003 |
Rocky Mountain Saguaro National Park
National Park Pima County
Longs Peak Ranger Station
WNW
w
WSwW
Scalar Wind Speed (m/s)
CALM < -5
0.0-0.9
99.5% Collected 99.5% Valid 100.0% Collected 98.9% Valid
8760 Possible /8719 Collected /8719 Valid 1.0-3.9 8750 Possible /8749 Collected /8656 Valid
(includes WS and WD) R (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Sequoia and Kings Sequoia and Kings
Canyon National Parks 13.0-15.9 Canyon National Parks
Ash Mountain ) : ower Kaweah
16.0-18.9
N N
NNW 19.0+ NNW
NW NW
WNW WNW
w w
WSW ESE WSW
SW SE SW
SSW $ SSE SSW
100.0% Collected 100.0% Valid 97.2% Collected 94.3% Valid
5880 Possible /5878 Collected /5878 Valid 8760 Possible /8512 Collected /8259 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)
Annual Wind Rose by Site

Sequoia and Kings 2003 Shenendoah National Park
Canyon National Parks Big Meadows
Lookout Point

WNW A‘lll"» WNW

WSW

Scalar Wind Speed (m/s)

CALM < -5
0.0-0.9
98.1% Collected 98.1% Valid 90.2% Collected 83.1% Valid
8760 Possible /8597 Collected /8597 Valid 1.0-3.9 8760 Possible /7901 Collected /7279 Valid
(includes WS and WD) e (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Theodore Roosevelt Virgin Islands
National Park 13.0-15.9 National Park
Visitor Center : ) Lind Point
16.0-18.9

19.0+
98.7% Collected 98.7% Valid 99.6% Collected 99.6% Valid
8760 Possible /8650 Collected /8650 Valid 8759 Possible /8726 Collected /8726 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)
Annual Wind Rose by Site

2003
Voyageurs National Park Yellowstone National Park
Sullivan Bay Water Tank
N
WNW
w
WSW
Scalar Wind Speed (m/s)
CALM <-5
0.0-0.9
99.6% Collected 99.6% Valid 99.6% Collected 99.6% Valid
8760 Possible /8726 Collected /8726 Valid 1.0-3.9 8760 Possible /8725 Collected /8725 Valid
(includes WS and WD) T (includes WS and WD)
Final Validation 4.0-6.9 Final Validation
7.0-9.9
10.0-12.9
Yosemite National Park Yosemite National Park
Merced River 13.0-15.9 Turtleback Dome
16.0-18.9
19.0+
WNW
w
WSW
98.3% Collected 98.3% Valid 99.7% Collected 95.3% Valid
8760 Possible /8609 Collected /8609 Valid 8760 Possible /8735 Collected /8351 Valid
(includes WS and WD) (includes WS and WD)
Final Validation Final Validation
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Figure 3-10 (cont.)
Annua Wind Rose by Site

2003
Yukon Flats National
Wildlife Refuge
Poker Flat
Scalar Wind Speed (m/s)
CALM < -5

0.0-0.9

96.8% Collected 96.8% Valid
8759 Possible /8483 Collected /8483 Valid
(includes WS and WD)

1.0-3.9
Final Validation 4.0-6.9
7.0-9.9
10.0-12.9
13.0-15.9
16.0-18.9

19.0+
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4.0 PRECISION AND ACCURACY OF OZONE MEASUREMENTS

Ozone analyzers are automatically challenged daily with known zero and span
concentrations. Most sites also undergo an automatic daily precision check. At a few sites,
precision checks are performed weekly. All ozone sites operate both an analyzer (with ozone
generator) and calibrator on site. The daily zero, span, and precision values are measured by
both instruments, providing an independent reference to the on-site measurements. The NPS
goal is for precision checks to fall within +/- 10% of the calibration gas concentration.

Routine quality assurance multipoint calibrations of the GPMP ozone analyzers and
calibrators are performed by the site operators monthly, and by the NPS-contracted network field
specialists upon initial installation and every six months thereafter. Network field specialists
perform their quality assurance checks using an ozone transfer standard (traceable to a NIST-
certified primary standard). The NPS goal is for these accuracy checks to fall within +/- 10% of
the transfer standard gas concentrations.

Table 4-1 presents a summary of ozone analyzer precision results and semi-annual
accuracy results, by quarter, for 2003. Results are color-coded to indicate ideal performance (no
shading), acceptable performance (yellow), and unacceptable performance (red). Accuracy
results are presented only for NPS-operated sites, and typically include 2 entries for the year.

Table 4-2 presents a network summary of ozone analyzer precision and accuracy, by

quarter, for 2003. Included in the table are the number of sites whose precision and accuracy
checks fell within +/- 5%, +/- 10%, and outside of +/- 10%.
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