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Shenandoah Health & Air Quality 
Monitoring Air Quality in Shenandoah National Park to Address National Park Service Initiatives Using NASA Earth Observations

Project Overview
Project Synopsis: Building on previous work with Shenandoah National Park (SHEN), this project targets air quality and visibility issues experienced by park visitors as a result of aerosols and other air pollutants (reactive oxides of nitrogen and sulfates, in addition to other atmospheric parameters). The National Park Service (NPS) preserves unimpaired the natural and cultural resources and values of the National Park System for the enjoyment, education, and inspiration of this and future generations (Organic Act, 1916). The Clean Air Act has set forth the responsibility “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, recreational, scenic or historic value” (42 U.S.C. §7470(2)). This goal applies to all units of the National Park System. The CAA further designates 48 NPS units, including Shenandoah National Park, as “Class I” areas, providing special protection for air quality, sensitive ecosystems and clean, clear views in these areas. Understanding air pollutants is critical for visitor health, the ecological health of the park’s flora and fauna, and the preservation of the park’s extensive vistas as mandated by Congress. Additionally, a better understanding of how different pollutant species affect the entire park can enhance the park’s effort to notify visitors of potentially hazardous conditions. Currently, the park has only one regionally-representative air quality station to inform its entire length. This project will utilize OMI, MODIS, and Suomi-NPP OMPS and VIIRS data in order to track visibility levels and atmospheric pollutants throughout Shenandoah National Park and the surrounding region, and to determine what times of year are most impacted so that park managers can better plan and inform visitors of park conditions.

Community Concern: Each NPS unit is created by Congress under an enabling legislation. Air quality is of particular importance to Shenandoah National Park because clean air is considered one of the park’s fundamental resources and values, essential to achieving the purpose of the park and maintaining its significance. Over the past 30 years, across all NPS areas, 90% of visitors surveyed say that scenic views are extremely to very important to their visit. In 2016, SHEN had 1.45 million visitors. Impaired visibility not only inhibits those views, but by extension can reduce attendance to the park. 

Source of Project Idea: This project is based off previous DEVELOP work (Appalachian Trail Health & Air Quality, Summer 2016), and further investigates atmospheric pollutants and air quality issues affecting the park and surrounding region as requested by Shenandoah National Park. 

National Application Area Addressed: Health & Air Quality 
Study Location: Shenandoah National Park, VA
Study Period: January 2005 to December 2016 

Advisors: Dr. Bruce Doddridge (NASA Langley Research Center), Dr. Kenton Ross (NASA Langley Research Center) 

Partner Overview
Partner Organization:
	Organization
	POC (Name, Position/Title)
	Partner Type
	Boundary Org?

	National Park Service, Shenandoah National Park
	Jalyn Cummings, Physical Scientist, Air & Water Resources Program Manager 
	End-User
	No



End-User Overview
End-User’s Current Decision-Making Process: The National Park Service currently relies on one air quality monitoring station near Big Meadows in the park’s Central District to assess air quality within Shenandoah National Park. As a Class I park, SHEN land managers have the “affirmative responsibility to protect the air quality related values (including visibility) of any such lands” (42 U.S.C. §7475(d)(2)(B)). To achieve this task, SHEN managers use the best available science to evaluate the impact new and existing sources of air pollution have on the park, monitor current air pollution impacts to the park, and provide information about air pollution impacts in parks to NPS management, air regulatory agencies, the public, scientific community and other stakeholders. Currently, Shenandoah National Park utilizes the Big Meadows air quality station and other permitted research collected within the park to assess trends in air quality and accomplish its mandates. 

End-User’s Capacity to Use NASA Earth Observations:
National Park Service, Shenandoah National Park – A previous DEVELOP project (Appalachian Trail Health & Air Quality) exposed Shenandoah National Park to the applications of Aura and Aqua satellite products to assess tropospheric ozone. SHEN hopes to use this research and utilize any Earth observations to assess visibility or pollutant species over its entire area. 

Project Communication & Transition Overview
In-Term Communication Plan: Project updates and discussion will occur biweekly through telephone or video calls, and the end-users will be updated weekly on progress made. The main POCs for the project will be the team lead and the center lead. 

Transition Plan: Project handoff will occur at the end of the second term of the project (Fall 2017). Initial products will be given to partners at the end of the first term to gain insight on usage and for any potential updates to products. 
 
Earth Observations Overview
Earth Observations:
	Platform & Sensor
	Parameter(s)
	Use

	Aura OMI, TES
	NO2 and SO2, Total Column Ozone, Tropospheric Ozone
	Aura data will be used to create trend maps and other assessments of pollutant species. Additionally, total column ozone will be used to supplement our understanding of atmospheric pollutants in the region. 

	Suomi-NPP OMPS
	NO2 and SO2
	OMPS data will be used to create trend maps and other assessments of pollutant species.

	Aqua/Terra MODIS, Aqua AIRS
	Aerosol optical thickness (AOT), Atmospheric Ozone
	AOT will be utilized to assess visibility trends in Shenandoah National Park and the surrounding region. Additionally, ozone will be used to supplement our understanding of atmospheric pollutants in the region. 

	Suomi-NPP VIIRS
	Aerosol optical thickness (AOT)
	AOT will be utilized to assess visibility trends in Shenandoah National Park and the surrounding region.



Ancillary Datasets:
NPS, Shenandoah National Park – Ground station data – validate Earth observations

Software & Scripting:
Esri ArcGIS – analyze data and produce visuals

Decision Support Tool & End Product Overview
End Products:
	End Products
	Partner Use
	Datasets & Analyses
	Software Release Category

	Annual Trend Maps of Pollutant Species
	Annual trend maps will be used to assess spatial and temporal (seasonal) trends in pollutant species over SHEN and the surrounding park region. 
	Aura OMI and Suomi-NPP OMPS will be processed to create annual trend maps, and will be compared to in situ station data for validation. 
	I

	Annual Trend Maps of Visibility
	Annual visibility maps will be used to assess spatial and temporal (seasonal) visibility trends over the park and surrounding region across study period, including an assessment of spatial variability of AOT across the region. 
	Aqua/Terra MODIS and Suomi-NPP VIIRS will be processed to create annual trend maps, and will be compared to in situ station data for validation.
	I



End-User Benefit: Additional authority to consider and protect visibility in Shenandoah National Park is provided by the NPS Organic Act and the Wilderness Act. SHEN is very interested in the development of best available science and tools to address spatial and temporal trends in visibility and other atmospheric pollutants within the park. This project would benefit the park by potentially offering an application enabling park managers to notify park guests of visibility and atmospheric pollution. This would give the park another tool to protect park resources, and provide an increased understanding of trends in visibility and atmospheric pollutants. Additionally, trend maps will be used by the park’s interpretation and education programs to inform our visitors. Further, these results could help identify if there are large or potentially significant sources that the NPS is currently missing, and to provide additional insight on mixing, dilution, and transport. 

Project Timeline & Previous Related Work
Project Timeline: 2 Terms: 2017 Summer (Start) to 2017 Fall (Completion)

Multi-Term Objectives:
· Term 1 (Proposed Term): 2017 Summer (LaRC) – Shenandoah Health & Air Quality
· The first term of the project will focus on developing a methodology to create visual aids assessing trends in atmospheric pollutants (e.g., NO2 and SO2), in addition to associated air quality parameters, like ozone that can help to better understand transport and mixing of nitrogen and sulfur oxides. 
· Term 2: 2017 Fall (LaRC) – Shenandoah Health & Air Quality II
· The second term of the project will further refine the methodology created in the first term regarding atmospheric pollutants, but will expand to also create visual aids assessing trends in visibility (as impacted by aerosols). Further, the team will write up their methodology to create a tutorial to continue the park’s use of NASA Earth observations. Finally, all result products will be validated with in situ monitoring station data. 

Related DEVELOP Work:
2016 Summer (NASA Langley Research Center & Wise County and City of Norton Clerk of Court’s Office) – Appalachian Trail Health & Air Quality: Monitoring Ozone and Atmospheric Pollutants in the Troposphere to Help Regulate Point Source Emissions and to Improve Ozone Advisory Messages by the National Park Service
2016 Spring (NASA Goddard Space Flight Center) – Gulf of Mexico Health & Air Quality: Utilizing NASA Earth Observations to Manage Air Quality and Pollutants over the Gulf of Mexico
2016 Fall (Maricopa County Department of Public Health and Arizona State University) – Maricopa County Health & Air Quality I: Monitoring PM10 Concentrations for Enhanced Maricopa County Department of Public Health and Maricopa County Air Quality Department Decision Making and Epidemiology
2016 Fall (Maricopa County Department of Public Health and Arizona State University) – Maricopa County Health & Air Quality II: Modeling a Decade of PM10 Concentrations in Maricopa County, Arizona for Air Quality and Epidemiological Analysis


Notes & References:
Notes: 
Papers comparing satellite observations to surface: http://www.nsstc.uah.edu/~sundar/publications.html
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