
United States 
Department of 
Agriculture

Assessment Supplemental Report 
Wayne National Forest 

Air Quality

Forest 
Service 

Wayne National 
Forest July 2020Forest Plan 

Revision



The use of trade or firm names in this publication is for reader information and does not imply endorsement by the U.S. Department of 
Agriculture of any product or service.

In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil rights regulations and policies, the 
USDA, its Agencies, offices, and employees, and institutions participating in or administering USDA programs are prohibited from 
discriminating based on race, color, national origin, religion, sex, gender identity (including gender expression), sexual orientation, 
disability, age, marital status, family/parental status, income derived from a public assistance program, political beliefs, or reprisal or 
retaliation for prior civil rights activity, in any program or activity conducted or funded by USDA (not all bases apply to all programs). 
Remedies and complaint filing deadlines vary by program or incident.

Persons with disabilities who require alternative means of communication for program information (e.g., Braille, large print, 
audiotape, American Sign Language, etc.) should contact the responsible Agency or USDA’s TARGET Center at (202) 720-2600 
(voice and TTY) or contact USDA through the Federal Relay Service at (800) 877-8339. Additionally, program information may be 
made available in languages other than English.

To file a program discrimination complaint, complete the USDA Program Discrimination Complaint Form, AD-3027, found online 
at http://www.ascr.usda.gov/complaint_filing_cust.html and at any USDA office or write a letter addressed to USDA and provide in 
the letter all of the information requested in the form. To request a copy of the complaint form, call (866) 632-9992. Submit your 
completed form or letter to USDA by: (1) mail: U.S. Department of Agriculture, Office of the Assistant Secretary for Civil Rights, 
1400 Independence Avenue, SW, Washington, DC. 20250-9410; (2) fax: (202) 690-7442; or (3)
email: program.intake@usda.gov.

USDA is an equal opportunity provider, employer, and lender.    

Prepared By:
Jeremy Ash 

Eastern Region
626 East Wisconsin Avenue

Milwaukee, WI 53202

Responsible Official:
Forest Supervisor Carrie Gilbert

Cover Photo:
The view from Monroe Outlook in the Athens Unit of the Wayne National Forest.

USDA photo by Kyle Brooks



Air Quality Supplemental Report 

i | P a g e  

Table of Contents 
Introduction ................................................................................................................................... 1 
Identification of Airsheds ............................................................................................................. 2 
Identification of Sensitive Air Quality Areas .............................................................................. 3 
Federal, State, & Tribal State Implementation Plans ................................................................ 3 
Emissions Inventories, Including Current Conditions & Trends ............................................. 4 

Emissions Inventory ................................................................................................................... 5 

Ambient Air Quality Measurements ........................................................................................... 9 
Fine Particulate Matter ..................................................................................................................................... 10 
Ground-level Ozone ......................................................................................................................................... 11 

Atmospheric Deposition ........................................................................................................... 12 

Critical Loads .............................................................................................................................. 18 

Herbaceous Plant Species Richness......................................................................................... 19 

Mycorrhizal Fungi ................................................................................................................... 20 

Acidification ............................................................................................................................. 21 
Soils .................................................................................................................................................................. 21 
Surface Water Impacts ..................................................................................................................................... 23 

Tree Critical Loads................................................................................................................... 24 

Ozone ....................................................................................................................................... 27 

Uncertainty ............................................................................................................................... 27 

Summary of Condition, Trend, & Risk ..................................................................................... 29 

Ecosystem Services................................................................................................................... 29 

References .................................................................................................................................... 31 

List of Figures 
Figure 1. The location and extent of the identified airshed that primarily influences air quality in the study area and 
Wayne National Forest .................................................................................................................................................. 2 
Figure 2. The change in SO2 emissions from 2008 to 2017 across the airshed ............................................................. 6 
Figure 3. The change in NOX emissions from 2008 to 2017 across the airshed ............................................................ 7 
Figure 4. The change in PM2.5 emissions from 2008 to 2017 across the airshed ........................................................... 7 
Figure 5. The change in PM10 emissions from 2008 to 2017 across the airshed ........................................................... 8 
Figure 6. Locations of the ozone and PM2.5 in and near the study area that are used to evaluate trends in ambient air 
quality ............................................................................................................................................................................ 9 
Figure 7. The downward trend in mean annual PM2.5 concentrations in the study area .............................................. 10 
Figure 8. The downward trend in daily PM2.5 concentrations in the study area .......................................................... 11 
Figure 9. The fourth highest daily 8-hour average for ozone monitoring sites within or adjacent to the Wayne 
National Forest and study area .................................................................................................................................... 12 
Figure 10. National estimates of total sulfur deposition from 2000 to 2002 (top panel) and 2015 to 2017 (bottom 
panel) ........................................................................................................................................................................... 14 



Air Quality Supplemental Report 

ii | P a g e  

Figure 11. National estimates of total nitrogen deposition from 2000 to 2002 (top panel) and 2015 to 2017 (bottom 
panel) ........................................................................................................................................................................... 15 
Figure 12. Estimated deposition of sulfate ions across the Wayne National Forest (proclamation boundary shown in 
black), the airshed (outlined in blue), and the broader region ..................................................................................... 16 
Figure 13. Estimated deposition of nitrate and ammonium ions across the Wayne National Forest (proclamation 
boundary shown in black), the airshed (outlined in blue), and the broader region ...................................................... 16 
Figure 14. The downward trend in measured deposition of sulfate ions across the airshed ........................................ 17 
Figure 15. The trend in measured deposition of nitrate and ammonium ions across the airshed ................................. 17 
Figure 16. The trend in measured acidity of precipitation across the airshed, showing improvements in the overall 
condition ...................................................................................................................................................................... 18 
Figure 17. Exceedances for plot-level estimates of herbaceous community species richness by total nitrogen .......... 20 
Figure 18. Exceedances of modeled critical loads for mycorrhizal fungi by total nitrogen ........................................ 21 
Figure 19. Exceedances of modeled critical loads of terrestrial acidification to protect forest ecosystems from total 
nitrogen ........................................................................................................................................................................ 22 
Figure 20. Exceedances of modeled critical loads of terrestrial acidification to protect forest ecosystems from sulfur
 ..................................................................................................................................................................................... 22 
Figure 21. Exceedances of modeled critical loads of aquatic acidification to protect forest ecosystems from nitrogen
 ..................................................................................................................................................................................... 23 
Figure 22. Exceedances of modeled critical loads of aquatic acidification to protect forest ecosystems from sulfur . 24 
Figure 23. W126 results for the 17-county study area showing ozone concentration ................................................. 27 

List of Tables 
Table 1. Emissions of sulfur dioxide, nitrogen oxides, and particulate matter within 124 miles of the Wayne National 
Forest for the years 2008, 2011, 2014, and 2017 ........................................................................................................... 5 
Table 2. Emissions from oil and gas production in the airshed surrounding the Wayne National Forest ..................... 8 
Table 3. Individual critical loads for each tree species in the Wayne National Forest ................................................ 25 
Table 4. A summary of National Ambient Air Quality Standards in the Wayne National Forest and study area ....... 29 
Table 5. A summary of the nitrogen eutrophication related critical loads in the Wayne National Forest and study area
 ..................................................................................................................................................................................... 29 
Table 6. A summary of acid deposition critical loads in the Wayne National Forest and study area .......................... 29 
Table 7. A summary of ozone deposition critical loads in the Wayne National Forest and study area ....................... 29 
 



Air Quality Supplemental Report 

1 | P a g e  

Introduction 
Air quality has long been recognized as an important resource in national forests. Members of 
the public rank clean air and scenic views as some of the primary reasons for visiting national 
forests. Understanding the trends and current status of air quality is therefore important, as 
atmospheric pollution can critically impact visibility, public health, and the ecological integrity 
of terrestrial and aquatic ecosystems. 

The 2012 planning rule requires that national forests and grasslands consider air quality when 
developing and revising plan components. This supplemental report assesses air quality 
conditions and trends affecting the Wayne National Forest and nearby areas. Information within 
this supplemental report can be used to anticipate future conditions and to estimate risks posed to 
system integrity at the national forest level. By evaluating available data and trends, this 
supplemental report will then identify information gaps regarding air quality and any uncertainty 
with the data. The information documented here can be used to inform Agency officials whether 
current direction needs adjustment to protect air resources and the systems that rely on air quality 
in the national forest.1 

The following components are identified in this supplemental report, as specified by Forest 
Service Handbook, Chapter 10 Section 12.21 (USDA 2015): 

• Airsheds relevant to the study area; 

• Location and extent of known sensitive air quality areas, such as Class I areas, non-
attainment areas, and air quality maintenance areas; 

• Emission inventories, conditions, and trends relevant to the study area; 

• Federal, State, and Tribal governmental agency implementation plans for regional haze, 
non-attainment, or maintenance areas (including assessing whether Forest Service emission 
estimates have been included in the appropriate agency implementation plans); 

• Critical loads; 

• Conditions and trends of relevant airsheds assuming existing plan direction remains in 
place; 

By addressing the above components, this supplemental report documents the status of airsheds 
and air quality relevant to the 17-county study area, assuming management is consistent with 
current plan direction. Where relevant, air quality resources are assessed using “reference 
conditions” established by the U.S. Environmental Protection Agency (EPA) for ambient air 
quality that is deemed protective of human health, the environment, and visibility. For other 
                                                      

1 For this supplemental report, the best available science was used that is relevant, accurate, and reliable. 
Uncertainty in the findings has been appropriately documented where relevant. Government data that has 
met strict protocols for data collection was used to assess the current conditions and trends with regards to 
ambient air quality, visibility, emissions inventories, and deposition. The critical load information was based 
on multi-agency government research, analysis, and following Forest Service protocols. 
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components such as deposition and critical loads, conditions are represented by established 
ecological thresholds, where an exceedance of these values indicates a possible risk to forest 
health and aquatic resources. 

Identification of Airsheds 
An airshed is a geographic area frequently affected by the same air mass due to similar 
topography, meteorology, and climate. The spatial scale of airsheds can be difficult to assign, 
given the long distances air masses and atmospheric pollutants can travel. Additionally, the 
meteorological factors of importance vary from small scale (e.g., ground level ozone formation 
from local sources on sunny days) to widespread (e.g., acid rain formation from large scale 
evaporative processes and industrial combustion).  

For national forests with Class I areas (wilderness areas afforded special air quality and visibility 
protection under the Clean Air Act), new sources of air pollution within 124 miles (and 
sometimes 186 miles) are evaluated by Forest Service personnel to determine if an adverse 
impact may occur to the unique resources at federally mandated Class I areas. Furthermore, 
counties within 124 miles are also periodically evaluated to determine how emissions have been 
changing over time.  

The Wayne National Forest does not have a Class I area, but for the purposes of this assessment, 
the air quality and emissions will be evaluated in a 124 mile area outside of the Wayne National 
Forest study area (figure 1). Impacts to Wayne National Forest resources and ecosystem 
sensitivity will be primarily considered at the boundaries of the national forest and study area. 

 
Figure 1. The location and extent of the identified airshed that primarily influences air quality in the 
study area and Wayne National Forest  
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Identification of Sensitive Air Quality Areas 
Air pollutants are primarily regulated in the United States through the Clean Air Act, originally 
adopted in 1963, and amended in 1970, 1977, and 1990. The Clean Air Act was designed to 
“protect and enhance” air quality. Section 160 of the Clean Air Act requires measures “to 
preserve, protect, and enhance the air quality in national parks, national wilderness areas, 
national monuments, national seashores, and other areas of special national or regional natural, 
recreation, scenic, or historic value.” 

The Clean Air Act established National Ambient Air Quality Standards (NAAQS), which 
represent maximum air pollutant concentrations to protect public health and welfare. The 
pollutants regulated by an NAAQS are called criteria air pollutants and include carbon monoxide 
(CO), nitrogen dioxide (NO2), ozone (O3), sulfur dioxide (SO2), lead (Pb), and particulate matter 
(PM10 and PM2.5). 

The Clean Air Act identifies two types of NAAQS: 

1. The primary standards represent the maximum allowable atmospheric concentrations that 
may occur and still protect public health and welfare, and include a reasonable margin of 
safety to protect the more sensitive individuals in the population. 

2. Secondary standards provide public welfare protection, including protection against 
decreased visibility and damage to animals, crops, vegetation, and buildings. 

State agencies monitor air quality to ensure compliance with the NAAQS. If an area in a state 
has criteria pollutants that exceed the NAAQS, that area becomes designated as a non-attainment 
area. The state is then required to develop a state implementation plan to improve air quality in 
that area. Once a non-attainment area meets the standards, that area can be designated as a 
maintenance area. 

At the present time, no non-attainment areas or air quality maintenance areas fall within the 
boundaries of the Wayne National Forest or the 17-county study area for carbon monoxide, 
nitrogen dioxide, ozone, lead, and particulate matter. Parts of Morgan and Washington Counties 
along the Muskingum River are designated as non-attainment for sulfur dioxide. This status was 
initially designated in 2013. 

Federal, State, & Tribal State Implementation 
Plans 
The federal Regional Haze Rule requires states to develop programs to assure reasonable 
progress toward meeting the national goal of preventing any future, and remedying any existing 
impairment of visibility in mandatory Class I federal areas. The Regional Haze Rule addresses 
requirements for state implementation plans, plan revisions, and periodic progress reviews to 
address regional haze and achieve natural haze conditions in each of the Class I areas by the year 
2064.  
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Forest Service personnel participate in and provide technical advice to the regional haze planning 
organization called the Lake Michigan Air Directors Consortium, and submit comments to the 
state air quality agencies regarding the modifications to their state implementation plans to 
comply with the regional haze rules.  

Though there are no Class I areas in Ohio, the Ohio EPA has to evaluate their contribution to 
visibility impairment at Class I areas which may be affected by emissions from Ohio. Emissions 
from activities in the Wayne National Forest (e.g., vehicle emissions, energy used to heat 
facilities, etc.) are considered in the emissions inventory used to assess impacts to visibility. 
Prescribed fire emissions are also included in the inventory, and—using this information—the 
Ohio EPA concluded that “prescribed burning are not significant emission sources for Ohio” 
(Ohio EPA 2015). 

Emissions Inventories, Including Current 
Conditions & Trends 
Current and historical data are presented here to document trends in air quality in the Wayne 
National Forest. Trends in the data provide insight into the air quality conditions that affect 
sensitive resources in the Wayne. Data presented here include an evaluation of the emissions 
inventory for the airshed, ambient air quality measurements for the study area, and deposition of 
sulfur and nitrogen in the study area. Collectively, these three sets of data help to define the 
current air quality conditions for the Wayne.  

A first step to defining air quality conditions on the area is an examination of emission sources. 
The National Emissions Inventory was used to assess the current and recent trends of air 
pollution emissions. The EPA periodically collects emissions inventory data from local, state, 
and tribal air regulatory agencies to generate county-level estimates of emissions for a number of 
pollutants. The inventories provide the baseline data needed to assess trends in air pollution, 
modeling efforts at regional and national scales, and other regulatory uses.  

Emissions data are critical to characterizing air quality, as emissions are usually correlated to the 
type and severity of air quality impacts. The Forest Service typically lacks direct authority to 
control air emissions that impact a national forest, but understanding their impact to terrestrial 
and aquatic resources remains an important step in assessing air quality. 

At this time, the National Emissions Inventory website has inventory data for 2008, 2011, 2014, 
and 2017 available to download. County emissions estimates for the 236 counties that fall within 
124 miles of the Wayne National Forest (figure 1) were downloaded and compiled for each of 
those years. The following pollutants were included in the summary: nitrogen oxides, sulfur 
dioxide, and coarse and fine particulate matter (PM10 and PM2.5, respectively).  

While emissions within the broader airshed influence air quality, direct measurements of ambient 
air quality also exist to understand ground-level impacts. The EPA primarily monitors air 
pollutants that result in adverse health effects. The Forest Service also uses these ambient 

https://www.epa.gov/air-emissions-inventories
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concentrations to determine how pollutants such as ozone (O3), particulate matter (PM), nitrogen 
dioxide (NO2), and sulfur dioxide (SO2) impact national forest resources. Ambient air quality 
data are presented in this section for a number of state and Federal monitoring stations in the 
study area. 

The deposition of atmospheric pollutants is of particular concern to terrestrial and aquatic 
resources. Deposition generally arises from the chemical transformation in the atmosphere of air 
pollution to acid compounds which may be deposited into forested ecosystems. Excessive 
deposition may lead to adverse effects on aquatic and terrestrial ecosystems, individual species, 
cultural resources, and other resources within national forest boundaries. National Atmospheric 
Deposition Program monitoring data collected in the plan area were chosen to best characterize 
these conditions in the study area. 

Emissions Inventory 
Emissions of air pollutants can have a series of impacts, both to the health of ecosystems and the 
public. Emissions of pollutants and the results of their chemical transformation can threaten 
ecosystems through changes to the underlying soil and water chemistry, and through direct 
damage to sensitive vegetation.  

Additionally, some pollutants diminish the air quality and can pose health risks to people 
recreating and working in the national forest. The pollutants that are of most concern to the 
national forest are those that have the potential to cause the negative impacts listed above. Sulfur 
dioxide (SO2) and nitrogen oxides (NOx) are primary contributors to acid deposition. NOx is also 
a precursor to ground-level ozone formation. Particulate matter is of primary concern to human 
health. The total emissions of each of these pollutants for 2008, 2011, 2014, and 2017 (the most 
recent National Emissions Inventory datasets) are shown in table 1. 

Table 1. Emissions of sulfur dioxide, nitrogen oxides, and particulate matter within 124 miles of the 
Wayne National Forest for the years 2008, 2011, 2014, and 2017 

Pollutant 2008 2011 2014 2017 

Percent 
Change in 
Emissions  

(2008 to 2017) 
Sulfur Dioxide (SO2) 2,082,299 

tons 
1,181,660 

tons 
822,825 tons 274,428 tons -87% 

Nitrogen Oxides (NOx) 1,397,132 
tons 

1,172,544 
tons 

978,306 tons 702,686 tons -50% 

Particulate Matter  
< 10 µm in diameter (PM10)  

935,906 tons 774,755 tons 1,028,874 
tons 

515,410 tons -45% 

Particulate Matter  
< 2.5 µm in diameter (PM2.5)  

341,160 tons 271,866 tons 296,843 tons 193,639 tons -43% 

Note: Data from https://www.epa.gov/air-emissions-inventories 

Across the 124 mile area surrounding the Wayne National Forest, substantial declines in SO2, 
NOX, PM10, and PM2.5 have occurred since 2008. The National Emissions Inventory data 
decomposes the emissions of specific pollutants into the specific contributing sources (e.g., 

https://www.epa.gov/air-emissions-inventories
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electric power plants, residential heating, heavy duty vehicles, etc.). Therefore, the trends in 
emissions can be further understood by identifying which emissions sectors have changed the 
most.  

The downward trends in NOX are largely due to reductions in emissions from coal-based 
electricity generation, lower emitting vehicles over time, cleaner transportation fuels, and 
improvements in vehicle gas mileage.  

Similarly, lower emissions from coal-based electricity generation have reduced SO2 emissions 
across the area, as well as other industrial processes associated with coal and mining. Reductions 
in PM2.5 and PM10 are also due to changes in emissions with coal and mining, but also reduced 
emissions from prescribed fire. The trends in emissions are variable across the study area and 
broader airshed (figure 2, figure 3, figure 4, and figure 5). 

 
Figure 2. The change in SO2 emissions from 2008 to 2017 across the airshed 
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Figure 3. The change in NOX emissions from 2008 to 2017 across the airshed  

 
Figure 4. The change in PM2.5 emissions from 2008 to 2017 across the airshed 
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Figure 5. The change in PM10 emissions from 2008 to 2017 across the airshed 

As indicated in the Assessment report, public awareness around the air quality impacts of oil and 
gas development has increased. As oil and—especially—natural gas development is forecasted to 
increase over the life of the next forest plan, emissions from oil and gas development are 
quantified below using the National Emissions Inventory data. Reporting requirements have 
changed since 2008, so the estimates below come from the 2011, 2014, and 2017 datasets.  

The pollutants shown above, as well as volatile organic compounds and carbon monoxide, are 
quantified here separately for oil and gas production (table 2). While overall emissions of nearly 
all of the pollutants have declined or remained stable since 2011, the emissions of volatile 
organic compounds have risen considerably. Volatile organic compounds, as well as nitrogen 
oxides and carbon monoxide, are all precursors to ground-level ozone production. As discussed 
in more detail below in the Ambient Air Quality Measurements section, ozone has negative 
impacts to public health and forested ecosystems. As future development of oil and gas is 
considered for the Wayne National Forest, the impact on air quality and specifically the 
contribution to volatile organic compounds may need to be considered.  

Table 2. Emissions from oil and gas production in the airshed surrounding the Wayne National Forest 

Pollutant 2011 2014 2017 

Percent Change in 
Emissions (2011 to 

2017) 
Carbon Monoxide 

(CO) 
89,376 tons 71,958 tons 89,051 tons -0.4% 

Nitrogen Oxides 
(NOx) 

76,659 tons 59,655 tons 69,392 tons -9% 

Particulate Matter  
< 10 µm in diameter 

(PM10)  

1,796 tons 1,706 tons 1,453 tons -19% 
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Pollutant 2011 2014 2017 

Percent Change in 
Emissions (2011 to 

2017) 
Particulate Matter  

< 2.5 µm in diameter 
(PM2.5)  

1,744 tons 1,675 tons 1,440 tons -17% 

Sulfur Dioxide (SO2) 3,268 tons 3,470 tons 3,419 tons +5% 
Volatile Organic 

Compounds (VOC) 
101,237 tons 218,590 tons 186,838 tons +84% 

Ambient Air Quality Measurements 
This section summarizes the ambient air quality measurements collected between the years 2001 
and 2017 at monitoring sites in and near the Wayne National Forest and the 17-county study 
area. These monitoring data measure concentrations of air pollutants which have the potential to 
cause adverse effects to public health and ecosystem integrity. Additional discussion about the 
health and ecological effects of individual pollutants is provided below. 

Monitors operated by the U.S. EPA and Ohio EPA measure long term trends in ambient air 
quality, specifically ground-level ozone and PM2.5 (figure 6). These monitors meet the federal 
EPA standards to determine if air quality meets the NAAQS. Data collected at monitors 
exceeding the NAAQS will be classified by the EPA as non-attainment.  

If a non-attainment designation occurs, the Ohio state implementation plan will be modified to 
include emissions reductions necessary to attain the ozone NAAQS by a specified date. The EPA 
and other agencies also use these data to notify members of the public (particularly those 
sensitive to air quality) of the potential for unhealthy air quality, so that they may choose to limit 
outdoor activities. 

 
Figure 6. Locations of the ozone and PM2.5 in and near the study area that are used to evaluate trends in 
ambient air quality 
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Fine Particulate Matter  
There are two different averaging periods for the PM2.5 NAAQS: an annual mean and a daily 
standard. The annual NAAQS was established by EPA as the annual arithmetic mean averaged 
over 3 years. In December 2012, the EPA lowered the annual standard from 15 micrograms per 
cubic meter (ug/m3) to 12 ug/m3. The annual PM NAAQS in the study area has generally 
declined over time, showing that the ambient air quality in the study area is meeting this standard 
(figure 7).  

 
Figure 7. The downward trend in mean annual PM2.5 concentrations in the study area  
Note: Each point represents the 3-year average of the mean annual concentrations for each monitor in the study area. The dashed 
line shows the current National Ambient Air Quality Standard for the annual (12 ug/m3) NAAQS. 

The annual NAAQS is designed to maintain concentrations of fine particulate matter below a 
level which chronic health effects arise, while the daily NAAQS is implemented to keep daily 
levels of PM2.5 below the point at which acute health effects occur. The daily NAAQS is 35 
ug/m3 and is based upon the three-year average of the annual 98th percentile PM2.5 concentration.  

Similar to the annual PM2.5 NAAQS, monitors in the study area show that the daily NAAQS 
have declined over time and are currently below the standard (figure 8). One source of PM2.5 to 
the Wayne National Forest and study area is prescribed fire. Since the 2006 Wayne Forest Plan, 
the Wayne National Forest has been increasing the acres treated with prescribed fire (currently 
around 3,000 acres annually) and plans to continue this trajectory (projections estimate around 
5,000 acres annually). The trends in PM2.5 shown above and in the National Emissions Inventory 
data indicate that the expansion of the prescribed fire program has not significantly contributed 
to exceedances of the NAAQS across the study area. Additionally, the use of prescribed fire can 
reduce the likelihood of wildfire, which releases higher concentrations of particulate matter 
(Peterson et al. 2018). 
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Figure 8. The downward trend in daily PM2.5 concentrations in the study area  
Note: Each point represents the 3-year average of the 98th percentile daily concentrations for each monitor in the study area. The 
dashed line shows the current National Ambient Air Quality Standard for the daily (35 ug/m3) NAAQS. 

Ground-level Ozone  
Ozone is a triatomic molecule (O3) that occurs naturally in the upper atmosphere and provides 
critical protection from ultraviolet rays. Ground-level ozone, however, is a chemical product of 
NOx and volatile organic compounds that can have adverse effects when concentration increase. 
Ozone concentrations will increase when NOx react with volatile organic compounds, especially 
on hot-sunny days when wind speeds are low. Nitrogen oxides are released during the 
combustion of fossil fuels, primarily from driving vehicles and electricity production. Volatile 
organic compounds are emitted from natural (e.g., vegetation, wildfire) and anthropogenic 
sources (e.g., industrial sources, coal combustion). 

Excessive ozone concentrations can have a detrimental impact on human health and the 
environment. Elevated ozone levels can cause breathing problems, trigger asthma, reduce lung 
function, and lead to increased occurrence of lung disease. Ozone also has potentially harmful 
effects on vegetation, which is usually the principal threat to forested ecosystems. Leaf tissue 
damage form ozone can lead to premature senescence and reduced growth in sensitive tree 
species.  

As with the particulate matter monitors, ozone monitoring is used to identify areas that may 
exceed the NAAQS. The ozone NAAQS is calculated by determining the fourth-highest, eight-
hour daily average ozone concentration for each year and then averaging three consecutive years. 
The NAAQS is exceeded if the most recent three-year average is 0.07 parts per million (ppm) or 
greater (using the 2015 standard). Ozone shows a similar trend to the PM2.5 concentrations; 
concentrations have declined over time and are currently meeting the NAAQS, although the 
margin of compliance is narrower (figure 9). 
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Figure 9. The fourth highest daily 8-hour average for ozone monitoring sites within or adjacent to the 
Wayne National Forest and study area  
Note: Each point shows the 3-year average of the 4th highest daily 8-hour average of ozone at each of the monitors. The dashed 
line shows the current National Ambient Air Quality Standard for ozone of 0.07 parts per million (ppm). 

Atmospheric Deposition 
Emissions of nitrogen oxides (NOx) and sulfur dioxide (SO2) are transformed in the atmosphere 
into acidic compounds (e.g., nitric acid and sulfuric acid) that can be deposited onto land and 
water surfaces in forested ecosystems. Documented effects of nitrogen and sulfur deposition 
include: acidification of lakes, streams, and soils; leaching of nutrients from soils; injury to high-
elevation forests; changes in terrestrial and aquatic species composition and abundance; changes 
in nutrient cycling; unnatural fertilization of terrestrial ecosystems; and eutrophication of aquatic 
ecosystems. Deposition impacts as they relate to ecosystem sensitivity and damage are generally 
framed in terms of critical loads and exceedances; these will be defined and discussed in the next 
section. 

The National Atmospheric Deposition Program (NADP) is a cooperative effort between 
government agencies, educational institutions, private industry, and non-governmental 
organizations to measure atmospheric deposition and study its effect on the environment. An 
extensive network of monitoring locations provides long term measurements of deposition across 
the United States and elsewhere in North America.  

The monitoring station data is then used to develop continuous maps (via spatial interpolation) of 
deposition across the network domain. Both products—the monitoring station data and the 
continuous maps—are used to look at long term trends in deposition across the Wayne National 
Forest study area (NADP 2018). There is one NADP monitoring location within the study area 
and 20 stations within the airshed. The trends for the individual station are similar to that of the 
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stations within the broader airshed, so the data shown below are derived from the airshed stations 
to display more of the variation.  

Historically, the airshed and study area have received high levels of nitrogen and sulfur 
deposition, as well as acidic precipitation, relative to the rest of the country (figure 10 and figure 
11). Dramatic improvements to energy efficiency (both use and generation) and vehicle 
emissions have resulted in substantial declines to deposition in the area. Improvements to sulfur 
deposition (figure 12) are more dramatic than nitrogen deposition (figure 13). These trends are 
mirrored when looking at the observational data from the NADP network (figure 14, figure 15, 
and figure 16).  
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Figure 10. National estimates of total sulfur deposition from 2000 to 2002 (top panel) and 2015 to 2017 
(bottom panel)  
Note: Data available here at http://nadp.slh.wisc.edu/committees/tdep/tdepmaps/ 

http://nadp.slh.wisc.edu/committees/tdep/tdepmaps/
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Figure 11. National estimates of total nitrogen deposition from 2000 to 2002 (top panel) and 2015 to 
2017 (bottom panel)  
Note: Data available at http://nadp.slh.wisc.edu/committees/tdep/tdepmaps/. 

http://nadp.slh.wisc.edu/committees/tdep/tdepmaps/
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Figure 12. Estimated deposition of sulfate ions across the Wayne National Forest (proclamation 
boundary shown in black), the airshed (outlined in blue), and the broader region 
Note: Improvements nearby the Wayne National Forest have been especially dramatic (the yellow end of the gradient). These data 
are derived from the National Trends Network of NADP: http://nadp.slh.wisc.edu/NTN/annualmapsByYear.aspx 

 
Figure 13. Estimated deposition of nitrate and ammonium ions across the Wayne National Forest 
(proclamation boundary shown in black), the airshed (outlined in blue), and the broader region  
Note: These data are derived from the National Trends Network of NADP: http://nadp.slh.wisc.edu/NTN/annualmapsByYear.aspx 

http://nadp.slh.wisc.edu/NTN/annualmapsByYear.aspx
http://nadp.slh.wisc.edu/NTN/annualmapsByYear.aspx
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Figure 14. The downward trend in measured deposition of sulfate ions across the airshed  
Note: The error bars show the standard deviation around the mean for the 20 monitoring stations. These data are derived from the 
National Trends Network of NADP: http://nadp.slh.wisc.edu/data/ntn/ntnAllsites.aspx 

 
Figure 15. The trend in measured deposition of nitrate and ammonium ions across the airshed  
Note: The error bars show the standard deviation around the mean for the 20 monitoring stations. These data are derived from the 
National Trends Network of NADP: http://nadp.slh.wisc.edu/data/ntn/ntnAllsites.aspx 

http://nadp.slh.wisc.edu/data/ntn/ntnAllsites.aspx
http://nadp.slh.wisc.edu/data/ntn/ntnAllsites.aspx
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Figure 16. The trend in measured acidity of precipitation across the airshed, showing improvements in 
the overall condition  
Note: The error bars show the standard deviation around the mean for the 20 monitoring stations. These data are derived from the 
National Trends Network of NADP: http://nadp.slh.wisc.edu/data/ntn/ntnAllsites.aspx 

Critical Loads 
Deposition impacts are generally described in terms of the critical load, defined as “the 
quantitative estimate of an exposure to one or more pollutants below which significant harmful 
effects on specified sensitive elements of the environment are not expected to occur based on 
present knowledge” (Nilsson and Grennfelt 1988; Bobbink et al. 2010). In other words, the 
critical load identifies a threshold of concern for deposition at which harmful effects occur for a 
species, ecosystem, or some other sensitive receptor. Critical loads are derived from scientific 
information about expected ecological responses to a given level of atmospheric deposition. 
Critical loads can help identify sufficient levels of protection for ecological systems that are 
currently not adversely affected by air pollution, and the levels of deposition needed to restore 
protection to previously damaged systems.  

Critical loads can be determined at a variety of ecological scales, ranging from individual species 
(Horn et al. 2018) to whole ecosystems or ecoregions (Pardo et al. 2011a and 2011b). The critical 
load estimates are derived from empirical or observational data (e.g., herbaceous species 
richness; Simkin et al. 2015) or modeled data sources (e.g., forest soil acidification, McNulty et 
al. 2007 and 2013).  

From a management perspective, it is important to also consider whether current rates of 
deposition are above or below the critical loads. A critical load exceedance is the difference 
between the critical load and the current deposition of a particular pollutant. The critical load is 
exceeded if the deposition load of a pollutant is greater than or equal to the critical load of the 
pollutant for the same location. Maps of exceedances are useful management tools, as they 
quantify the risk of damage to ecological systems from atmospheric deposition. An exceedance 

http://nadp.slh.wisc.edu/data/ntn/ntnAllsites.aspx


Air Quality Supplemental Report 

19 | P a g e  

does not alone indicate an ecological impact, but rather highlights an area of risk or potential 
vulnerability to atmospheric deposition (Clark et al. 2018).  

Many of the data sources and modeling initiatives to define critical loads and estimate 
exceedances are available through an integrated web platform called CL Mapper. This 
interagency effort—U.S. EPA, Forest Service, and National Park Service—can return deposition, 
critical loads, and exceedances for public-managed lands across the conterminous United States.  

The critical loads and exceedances discussed below are derived from this source, as well as a 
recent scientific study that evaluates species-specific critical loads for dominant tree species 
across the conterminous United States (Horn et al. 2018). To provide a broad overview of critical 
loads and exceedances for the Wayne National Forest, a number of ecological scales and 
receptors are discussed below. All exceedances below are calculated in reference to the average 
deposition from 2014 to 2016, with the deposition estimates derived from NADP sources. 

Herbaceous Plant Species Richness 
Herbaceous plants are the dominant primary producers in forested ecosystems, contributing 
significantly to forest litter biomass and representing a substantial portion of the biodiversity 
(Gilliam 2007). While less sensitive to nitrogen deposition than lichens, herbaceous plants are 
typically more sensitive than trees due to rapid growth rates, shallow roots, and shorter life span 
(Pardo et al. 2011a, 2011b). These life history traits can lead to rapid responses to nitrogen 
deposition and result in community composition shifts, including increases in invasive species 
(Pardo et al. 2011a, 2011b). A loss of biodiversity in herbaceous communities, both in open and 
closed forest canopies, has been observed across the national gradient of nitrogen deposition 
(Simkin et al. 2015). An outcome of this study is the identification of critical loads for understory 
herbaceous communities that can be used assess their conditional vulnerability to nitrogen 
deposition.  

Based on the national scale empirical critical loads for nitrogen deposition for herbaceous 
species richness (Simkin et al. 2015), there is currently no evidence of exceedances for the plots 
located within the study area (figure 17). While suggestive of no current damage to herbaceous 
communities, the sample size is small and field plots across the study area are patchy. 
Forthcoming estimates of herbaceous species richness critical loads scaled to ecoregions could 
better inform the current threat to understory communities in the study area.  

Additionally, it should be noted that these estimates are only for those areas with sampled field 
plots. A forthcoming extension of this work develops species-specific critical load estimates for 
the herbaceous species that will add to the understanding of deposition impacts on forest 
understory communities in the Wayne National Forest.  
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Figure 17. Exceedances for plot-level estimates of herbaceous community species richness by total 
nitrogen  
Note: Several plots were located within the Wayne National Forest and study area boundary, showing that—for these plots—no 
exceedances are currently being observed. 

Mycorrhizal Fungi 
Mycorrhizal fungi are symbiotic organisms that interface between plants roots and the soil. They 
form a critical relationship with plants by exchanging nutrients and minerals for plant-derived 
carbon. Mycorrhizal fungi are important in the establishment, growth, and survival of plant and 
tree species.  

When atmospheric deposition of nitrogen exceeds the critical load for mycorrhizal fungi, it can 
alter community structure and composition, root colonization, and decrease species richness 
(Pardo et al. 2011a, 2011b). There is high uncertainty in the data and scientific understanding of 
critical loads for mycorrhizal fungi due to relatively few studies. Given the sparse coverage of 
field-studies, critical load values are scaled to the level of ecoregions to provide a coarse-scale 
estimate of sensitivity to nitrogen deposition. The Wayne National Forest and study area falls 
into the Eastern Temperate Forests ecoregion, so the estimates shown below are from that 
particular ecoregion (Pardo et al. 2011a, 2011b). 

Based on the national scale empirical critical loads for nitrogen deposition mycorrhizal fungi 
(Pardo et al. 2011a, 2011b), all of the Wayne National Forest and study area currently exceeds 
critical loads to protect mycorrhizal fungi (figure 18). 
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Figure 18. Exceedances of modeled critical loads for mycorrhizal fungi by total nitrogen 

Acidification 
Long-term research has demonstrated that nitrogen and sulfur deposition results in acidifying 
effects and negative impacts to aquatic resources, forest health, and biodiversity (McNulty et al. 
2007 and 2013). Acidifying effects can lead substantial ecological impacts, including enhanced 
mortality of tree species, reductions to forest productivity, declines in biological diversity, and 
increases in stream acidity (Driscoll et al. 2001).  

The following section presents critical loads for soils and surface water in the Wayne National 
Forest. McNulty et al. (2007 and 2013) estimated critical loads and exceedances for forested 
soils across the United States. The surface water critical acid loads were based on water quality 
estimates, with more recent samples updated in the CL Mapper tool. 

Soils 
Characteristics that influence the ability of soil to buffer (or neutralize) against acid deposition 
include the structure and composition of the soil—such as the amount of weathering—organic 
matter, and base cations (e.g., calcium, potassium, magnesium, and sodium). Additionally, the 
dominant vegetation (both composition and structure) and nutrient cycling capacity of the 
ecosystem will influence the ability of the system to absorb excess nitrogen and sulfur. Critical 
loads that incorporate these important biological and physical characters (McNulty et al. 2007 
and 2013) and the resulting exceedances are shown below for the Wayne National Forest.  

Based on these national scale estimates, there are no exceedances of forest acidification critical 
loads in the Wayne National Forest (figure 19 and figure 20). These findings, however, are not 
informed by direct field measurements and warrant caution for interpretation. An exact measure 
of soil critical loads and the resulting exceedances would need to be derived from field-based 
measures of soil chemistry in the Wayne National Forest. As indicated above, the Wayne has 
historically experienced high levels of sulfur and nitrogen deposition. Soils are typically slow to 
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recover and develop a buffering capacity against acidic deposition, so more work is needed on 
the soils of the Wayne.  

 

 
Figure 19. Exceedances of modeled critical loads of terrestrial acidification to protect forest 
ecosystems from total nitrogen 

 
Figure 20. Exceedances of modeled critical loads of terrestrial acidification to protect forest 
ecosystems from sulfur 
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Surface Water Impacts 
Stream and lake acidification from deposition can reduce the pH of surface water resulting in 
changes to the composition and abundance of aquatic species. Surface waters are acidified in part 
by runoff and leaching from adjacent terrestrial areas, so many of the terrestrial buffering 
characteristics will also influence surface water acidification.  

The modelled critical loads for the aquatic acidification data are derived in part from field 
studies, however there were no field sites in the study area. From nearby sites, it appears that the 
risk of exceedance is low for surface waters in the study area (figure 21 and figure 22), however, 
more data is needed to evaluate critical loads and exceedances in the study area. 

 
Figure 21. Exceedances of modeled critical loads of aquatic acidification to protect forest ecosystems 
from nitrogen 
Note: All sites are outside of the 17-county study area boundary, so more data will be needed to evaluate the critical loads within the 
study area. 
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Figure 22. Exceedances of modeled critical loads of aquatic acidification to protect forest ecosystems 
from sulfur 
Note: All sites are outside of the study area boundary, so more data will be needed to evaluate the critical loads within the study 
area.  

Tree Critical Loads 
Horn et al. (2018) examined how tree growth and survival vary with nitrogen and sulfur 
deposition across the conterminous United States for 71 species. This comprehensive analysis 
uses Forest Inventory and Analysis data to develop species-specific critical load estimates for 
both growth and survival. Nitrogen deposition has been shown to impact tree population 
dynamics through alterations to soil chemistry, as well as competitive interactions among co-
occurring species (Horn et al. 2018). Sulfur deposition impacts tree species through soil 
acidification, loss of base cations, and increased mobility of toxic aluminum (Driscoll et al. 
2001). This has important implications for the carbon storage potential of forests, restoration of 
forest ecosystems and management of focal species (e.g., invasive species, timber species, etc.).  

At a national scale, species vary widely in their responses to sulfur and nitrogen deposition. The 
growth and survival of most species (66 out of 71) were significantly impacted by atmospheric 
deposition of nitrogen and sulfur. For nitrogen, the most common set of responses across species 
was a unimodal response to increasing deposition. In other words, there was a net positive 
response in growth and survival at low levels and a net negative response at higher levels. For 
these species, a critical load can be set at the peak of the hump. Nitrogen is a limiting nutrient for 
plant growth and development, so at low levels, atmospheric deposition may have a positive 
impact. However, excessive nitrogen fertilization had an overall net negative impact. The other 
species showed no response to nitrogen or showed positive responses.  

For sulfur, all responses were either negative or flat (i.e., no response). This was both an outcome 
of the statistical approach, but also supported by scientific evidence that tree species do not have 
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a positive response to sulfur deposition. As such, Horn et al. (2018) set the critical loads at very 
low (near 0 kg/ha) levels of sulfur deposition for many of the species that show a response.  

A tree species list for the Wayne National Forest was generated using the Forest Inventory and 
Analysis data. Fifty three tree species were identified in the Forest Inventory and Analysis list 
and, of those, thirty nine species were included in the Horn et al. (2018) study. The critical loads 
and exceedances for these species are identified in table 3.  

While most species are not experiencing detrimental impacts to their growth rate from nitrogen 
deposition, the survival rate of many species are at risk from nitrogen deposition in exceedance 
of their critical load. Additionally, the survival and growth rate of many of the species in the 
Wayne National Forest with identified critical loads are at risk from sulfur deposition. Ongoing 
work linking the tree critical loads and exceedances with spatial datasets of tree abundance will 
help inform forest management in the Wayne and identify areas in the national forest that are at 
risk from nitrogen and sulfur deposition. Additional work is needed to characterize the threat 
posed to the species not included in the Horn et al. (2018) study.  

Additionally, Horn et al. (2018) set the critical load value at point where reductions in growth or 
survival happen along the nitrogen and sulfur deposition gradient. As discussed above, for 
species that decline linearly along the gradient, this results in very low deposition levels. An 
alternative critical load could be set at an acceptable level of decline in growth and survival (e.g., 
1% or 5% reduction), depending on management objectives and input. 

Table 3. Individual critical loads for each tree species in the Wayne National Forest  

Species 
Nitrogen 
(Growth) 

Sulfur 
(Growth) 

Nitrogen 
(Survival) 

Sulfur 
(Survival) 

In Horn et al. 2018 
study? 

Ailanthus - - - - No 
American basswood 41.62 <0.01* - 0.36* Yes 
American beech 21.08 <0.01* 9.54 0.25* Yes 
American elm 107.11 1.43* <0.01* <0.01* Yes 
American hornbeam, 
musclewood 

- 0.54* - 2.61* Yes 

American sycamore - - - - Yes 
Apple spp. - - - - No 
Bigtooth aspen 36.98 <0.01* 7.95 <0.01* Yes 
Bitternut hickory - - - - Yes 
Black cherry 14.58 1.95* 8.71 - Yes 
Black locust 44.15 0.48* 24.35 0.56* Yes 
Black oak 43.19 - - 2.37* Yes 
Black walnut 43.58 1.56* 14.32 - Yes 
Black willow 10.1 0.02* - - Yes 
Blackgum - - 5.79* - Yes 
Boxelder - <0.01* - 0.92* Yes 
Cherry and plum spp. - - - - No 
Chestnut oak 14.03 - - 3.72* Yes 

https://www.fia.fs.fed.us/tools-data/index.php
https://www.fia.fs.fed.us/tools-data/index.php
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Species 
Nitrogen 
(Growth) 

Sulfur 
(Growth) 

Nitrogen 
(Survival) 

Sulfur 
(Survival) 

In Horn et al. 2018 
study? 

Chinkapin oak - - 5.46* - Yes 
Common persimmon - - - - No 
Eastern hophornbeam - - - 0.25* Yes 
Eastern redbud - - - - No 
Eastern redcedar - <0.01* 12.58 1.2* Yes 
Eastern white pine 33.4 <0.01* - 1.14* Yes 
Flowering dogwood - - - - No 
Green ash 20.05 1.29* 6.06* 1.29* Yes 
Hackberry 14.36 - - 1.43* Yes 
Hawthorn spp. - - - - No 
Mockernut hickory - - 5.23* - Yes 
Northern red oak 48.07 - 5.31* - Yes 
Ohio buckeye - - - - No 
Pawpaw - - - - No 
Pignut hickory - - - 2.96* Yes 
Pin oak - - - - No 
Pitch pine 7.3* - 18.46 3.52* Yes 
Post oak - - 7.44* - Yes 
Red maple 82.86 0* 5.45* 0.86* Yes 
Red mulberry - - - - No 
River birch - - - - No 
Sassafras 31.86 - 10.66 3.53* Yes 
Scarlet oak 18.46 - 4.77* 0.07* Yes 
Serviceberry spp. - - - - No 
Shagbark hickory - - - - Yes 
Silver maple 57.91 <0.01* 21.95 - Yes 
Slippery elm - <0.01* 6.25* 0.76* Yes 
Sourwood - - 8.19 3.23* Yes 
Sugar maple - - - 1.5* Yes 
Sweetgum 106.55 <0.01* 5.15* 3.3* Yes 
Virginia pine 29.36 <0.01* 8.67 2.84* Yes 
White ash 45.37 - 4.65* - Yes 
White oak - - 6.79* 2.68* Yes 
Yellow-poplar 62.2 - - 3.24* Yes 
Yellow buckeye - - - - No 

Note: The exceedance of this critical load is denoted by an asterisk (*) based on the average deposition from 2014 to 2016. 
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Ozone 
As previously discussed, ozone concentrations can have an adverse effect on human health and 
recent ambient monitoring has demonstrated the NAAQS is being achieved. While critical loads 
have not been defined for ozone, other metrics have been developed that quantify the risk posed 
to sensitive vegetation from ozone. The W126 metric was developed as a biologically 
meaningful way to summarize hourly average ozone data and identify thresholds of concern for 
damage (Lefohn and Runeckles 1987).  

Lefohn (1998) used available research data and applied an empirical approach to estimate the 
amount of biomass reduction that would occur with a known level of ozone exposure. When the 
W126 is 14.5 ppm-hours, a 10% or greater biomass reduction can occur from prolonged ozone 
exposure.  

Based on the measured ozone concentration in the study area, ozone appears to pose a low risk to 
sensitive vegetation in the study area (figure 23).  

 
Figure 23. W126 results for the 17-county study area showing ozone concentration  
Note: Since 1991, the risk posed from ozone damage has decreased dramatically. 

Uncertainty 
There are many factors that contribute to the reliability and confidence of the data presented in 
an assessment. As discussed in the airshed sections, the influential factors driving air quality in 
the Wayne National Forest operate at large spatial scales. Deposition in the national forest can 
come from emission sources well outside the study area, making it difficult to predict long-term 
and forecasted trends in the Wayne.  
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Our ability to understand the impacts on the overall health of ecological systems in the Wayne 
National Forest is greatly enhanced by direct measurements taken over time. Observational or 
empirical data provide the greatest level of confidence regarding the current state and trends of 
forest health as it applies to air quality impacts.  

In the absence of direct measurements, modeled data can be used to assess relative risk of 
systems to the impacts for air pollution; however, this creates a greater degree of uncertainty in 
the assessment. At present, many of the critical loads estimates and subsequent measures of 
exceedances are model-based, limiting our ability to predict and definitely quantify impacts to 
the resources in the Wayne National Forest. To understand the level of confidence in the modeled 
results, it is important to understand the assumptions in the model as well as the scale at which 
they are modeled. Some of the national models are developed at a large spatial resolution (e.g., 
the entire Eastern Deciduous Forest ecoregion). That being said, critical loads and exceedances 
are measures of risk and vulnerability, not a direct measure of impact, so they remain informative 
in identifying possible areas of concern and data deficiencies. 

While there are direct measurements that have been taken over time for ambient air quality, there 
are limited studies performed in the Wayne to directly measure the impacts from air pollution on 
forest health—such as water chemistry and soil surveys. More confidence can be inferred from 
the empirical critical loads, such as the herbaceous species richness and tree critical loads (when 
there is sufficient species overlap between the research study and species composition in the 
forest). Forthcoming work on lichen and individual herb species critical loads will further help to 
refine our understanding of vulnerability of systems in the Wayne National Forest to atmospheric 
pollution.  

Lastly, it can be difficult to forecast the impacts of climate change on the relevant drivers of air 
quality (Mickley et al. 2004; Jacob and Winner 2009). Wildfire risk has been shown to increase 
with ongoing climate change in the Western United States (Abatzoglou and Williams 2016), 
which could degrade air quality if similar trajectories happen in the Wayne National Forest. 
Additionally, ozone (Shen and Mickley 2017) and particulate matter (Shen et al. 2017) could also 
increase with changing climates, specifically with warming temperatures (USGCRP 2018).  
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Summary of Condition, Trend, & Risk 
Table 4 through table 7 provide summary data related to condition, trend, and risk. 

Table 4. A summary of National Ambient Air Quality Standards in the Wayne National Forest and study 
area 

Air Quality Measure Current Conditions Trend Reliability 
NO2 Good Improving to stable High 
SO2 Good Improving High 

PM2.5 Good Improving High 
PM10 Moderate Improving High 

Table 5. A summary of the nitrogen eutrophication related critical loads in the Wayne National Forest 
and study area 

Air Quality Measure Current Conditions Trend Reliability 
Herbaceous Species 

Richness 
Moderate risk Improving Moderate 

Mycorrhizal Fungi Moderate risk Improving Low 

Table 6. A summary of acid deposition critical loads in the Wayne National Forest and study area 
Air Quality Measure Current Conditions Trend Reliability 

Soils Good Improving Low 
Surface Water Unknown risk Improving Low 
Tree Species Depends on species Improving High 

Table 7. A summary of ozone deposition critical loads in the Wayne National Forest and study area 
Air Quality Measure Current Conditions Trend Reliability 

Ozone Good Improving Moderate 

Ecosystem Services 
This supplemental report reviews a number of key characteristics within the Wayne National 
Forest and its broader airshed that indicate its ability to reliably provide ecosystem services. 
Compromised air quality stresses forest health and the ecosystem services provided by forests. 
While some plants can benefit from additional fertilization at low levels, higher levels of 
deposition can stress the structure and function of sensitive ecosystems, leading to disease, 
impaired growth, impacts to aquatic systems, changes in native species composition, and 
increased opportunities for invasive plants.  

Additionally, stresses to forest health—including those factors that might influence the survival 
and growth of tree species—can impact the ability to provide timber services (Horn et al. 2018), 
mitigate air quality through filtration services (Nowak et al. 2013; Nowak et al. 2014), and a 
wide range of other ecosystem services (Blett et al. 2016; Clark et al. 2017). Additionally, the 
Wayne National Forest has historically experienced high levels of sulfur and nitrogen deposition, 
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so while current levels have declined, there may be legacy effects from previous levels of 
deposition.  

The primary air quality standards represent the maximum allowable atmospheric concentrations 
to reasonably protect human health. Secondary standards provide public welfare protection, 
including protection against decreased visibility and damage to animals, crops, vegetation, and 
buildings. Emissions, ambient air quality, and deposition data are all presented above to 
collectively assess air quality. Regular evaluation of these data as new emission sources are 
constructed and existing sources are modified can provide additional insight into the air quality 
in the Wayne National Forest.  

An additional component that is not discussed in detail is visibility (since there are no federally 
mandated Class I areas); however, many of the factors evaluated would impact visibility across 
the Wayne National Forest, including emissions of visibility-impairing pollutants. Visitors to 
national forests rank clean air and scenic views as one of the primary reasons for visiting, so 
efforts to understand and improve air quality will have a net positive increase to this service.  

The primary tool federal land managers use to provide input to regulators is the critical load 
concept. Critical load describes the threshold of air pollution deposition below which harmful 
effects to sensitive resources in an ecosystem begin to occur. These measures indicate that 
current levels of nitrogen and sulfur deposition may have exceeded critical loads in the national 
forest. Air pollution that occurs off national forests is the primary concern for causing impacts on 
national forests. The federal Clean Air Act provides the basic framework for controlling air 
pollution, but the states are primarily responsible for implementing and enforcing Clean Air Act 
requirements. 

Air quality and the health and welfare values dependent on air quality in the Wayne National 
Forest are generally in good condition and are expected to improve as most pollutants are 
decreasing under current or expected regulations. Negative visibility affects and ambient air 
quality conditions associated with particulate matter may increase if wildfires continue to be a 
major source in the area. 
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