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Project Overview
Project Synopsis:
Heavy industrialization has resulted in high ground-level ozone concentrations in southeast Michigan and northern Ohio. Ground-level ozone exposure is associated with an increased risk of many respiratory issues. To ultimately decrease the burden that ground-level ozone afflicts on the public health of the region, our project partnered with the Michigan Department of Environment, Great Lakes, and Energy’s (EGLE) Air Quality Division and the Lake Michigan Air Directors Consortium (LADCO), to investigate the usefulness of measuring ground-level ozone precursors from space. This project processed measurements of nitrogen dioxide (NO2), formaldehyde (HCHO), and methane (CH4) from Sentinel-5P Tropospheric Monitoring Instrument (TROPOMI) and Aura Ozone Monitoring Instrument (OMI) by oversampling on monthly, yearly, and 3-year scales to analyze pollutant distributions.

Abstract:
Pollutants resulting from industrial activity can react with sunlight to create ground-level ozone, a harmful pollutant that can exacerbate respiratory health issues such as asthma. Due to a history of heavy industrialization, residents of southeast Michigan and northern Ohio are especially susceptible to ground-level ozone. The NASA DEVELOP Southeast Michigan Health and Air Quality team, in partnership with the Michigan Department of Environment, Great Lakes, and Energy’s (EGLE) Air Quality Division and the Lake Michigan Air Directors Consortium (LADCO), investigated the effectiveness of Earth observations (EO) in monitoring pollutants that contribute to ground-level ozone. The team used the European Space Agency’s TROPOspheric Monitoring Instrument (TROPOMI) aboard Sentinel-5P, and NASA’s Ozone Monitoring Instrument (OMI) aboard Aura, to measure nitrogen dioxide (NO2), formaldehyde (HCHO), and methane (CH4) from 2019 to 2021 (May-September). The team oversampled the EO data on monthly, yearly, and 3-year time scales where possible to enhance more localized pollutant trends. NO2 can be effectively monitored from space. Specifically, TROPOMI indicated sub-city distributions on a monthly timescale. Contrastingly, the measurements of HCHO were predominately noisy, and therefore failed to show any distribution trends. Lastly, CH4 trends were identifiable yet coarse, hinting that EO monitoring in the case of CH4 is not beneficial for our partners. The end-products provide the partners with insight on the utility of EO in measuring certain ozone precursors and can be used to guide ground-level ozone reduction strategies throughout the region.
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National Application Areas Addressed: Health & Air Quality, Urban Development
Study Location: Ssoutheast Michigan and northern Ohio
Study Period: 2019 – 2021 (May – September)

Community Concerns:
· Ground-level ozone puts stress on the human respiratory system as the body is not equipped to handle triatomic oxygen. This stress could lead to the development or exacerbation of various respiratory issues and illnesses such as congestion, bronchitis, emphysema, and asthma. Respiratory issues can be detrimental to the quality of life and health of those effected. Southeast Michigan and northern Ohio show high rates of respiratory issue severity:
· In comparison to the state of Michigan, Detroit residents experience triple the rate of asthma hospitalizations
· Cleveland, Ohio ranked 5th on a nationwide list of cities that are deemed to be the most challenging places to live with asthma
· 9% of residents in Lorain County, a county in northern Ohio have been diagnosed with chronic bronchitis 
· In 2019, emphysema was found to be the underlying cause of death for 489 Michigan residents
· Studies have correlated ground-level ozone levels to birth defects, namely decreased lung function and lower weight, and premature death 
· Due to high levels of ground-level ozone in southeast Michigan, the region will likely not meet the EPA’s current attainment deadline. This shortcoming obligates the region to submit an implementation plan that delineates informed ozone reduction strategies. 

Project Objectives:
· Analyze the distribution of air pollutants in southeast Michigan and northern Ohio using oversampled Aura OMI and Sentinel-5P TROPOMI data
· Generate maps that couple pollutant distribution data to point-sources and air monitoring stations
· Evaluate the utility of Earth observations (EO) in air quality monitoring using visual analysis and quantitative metrics

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

	Michigan Department of Environment, Great Lakes, and Energy (EGLE), Air Quality Division
	Dr. Eduardo (Jay) Olaguer, Assistant Director of Air Quality Division
	End -User
	No

	Lake Michigan Air Directors Consortium (LADCO)
	Zachary Adelman, Executive Director
	End -User
	No



Decision-Making Practices & Policies: 
The mission of the Michigan Department of Environment and Great Lakes, and Energy’s (EGLE) Air Quality Division is to ensure air quality standards are met, and air quality fluctuations are monitored and communicated to the public. The Lake Michigan Air Directors Consortium (LADCO) collaborates with government agencies by providing technical support on issues related to air quality from local to regional scales. To examine the main sources of air pollution and potential ramifications of pollution-limiting programs, LADCO and EGLE mainly use intricate computer models and in situ data to guide air quality improvement efforts in the region.

Earth Observations & End Products Overview
Earth Observations:
	Platform & Sensor
	Parameters
	Use

	Sentinel-5P TROPOMI

	Ttropospheric column NO2, total column HCHO, and total column CH4 
	Sentinel-5P TROPOMI was used to create trend maps of NO2, HCHO, and CH4. 

	Aura OMI
	Ttropospheric column NO2
	Aura OMI was used to create trend maps of NO2. 



Ancillary Data
· GIS data (point) for point source emitters in Livingston, Monroe, Oakland and Wayne counties in Michigan (provided by EGLE)
· Excel spreadsheets with location data for air quality monitoring stations in Michigan and Ohio (provided by EGLE)
· GIS data (point) for powerplant locations (Acquired from EIA)
· GIS data (point) for airport locations (Acquired from ESRI)
· GIS data (line) major roadways (Acquired from ESRI)
· GIS data (point) Michigan solid waste facilities (Acquired from EGLE)
· GIS data (point) Ohio solid waste facilities (Acquired from Ohio EPA)

Software & Scripting:
· IDL 8.8 – Oversampling of atmospheric data
· ENVI 5.5.2 – Visualization of oversampling outputs
· Esri ArcGIS Pro 2.8.3 – Creation of pollutant concentration maps

End Products:
Note: “Year” is assumed to mean May-September
	End Product
	Earth Observations Used 
	Partner Benefit & Use
	Software Release Category

	Monthly, Yearly, and 3-Year Trend Maps of NO2 with Point-Sources and Air Monitoring Location Data  
	Sentinel-5P TROPOMI
	NO2 trend maps provided the partners with qualitative representations of oversampled TROPOMI data paired with reference data. The partners can use the maps to evaluate the utility of monitoring NO2 using TROPOMI, and to potentially guide mitigation strategies. 


	N/A


	Yearly and 3-Year Trend Maps of HCHO with Point-Sources and Air Monitoring Location Data  

	Sentinel-5P TROPOMI
	HCHO trend maps provided the partners with qualitative representations of oversampled TROPOMI data paired with reference data. The partners can use the maps to evaluate the utility of monitoring HCHO using TROPOMI, and to potentially guide mitigation strategies.

	N/A

	Yearly and 3-Year Trend Maps of CH4 with Point-Sources and Air Monitoring Location Data  

	Sentinel-5P TROPOMI

	CH4 trend maps provided the partners with qualitative representations of oversampled TROPOMI data paired with reference data. The partners can use the maps to evaluate the utility of monitoring CH4 using TROPOMI, and to potentially guide mitigation strategies.

	N/A

	Yearly and 3-Year Trend Maps of NO2 with Point-Sources and Air Monitoring Location Data  
	Aura OMI
	NO2 trend maps provided the partners with qualitative representations of oversampled OMI data paired with reference data. The partners can use the maps to evaluate the utility of monitoring NO2 using OMI, and to potentially guide mitigation strategies.

	N/A

	StoryMap 
	N/A
	Educational web tool that describes the project and results to provide public-facing communications that the end-users can circulate
	N/A



Product Benefit to End User: 

Satellite data will allow partners to monitor the distribution of atmospheric gases in the region at consistent intervals over time. In contrast, the data types that our end-users currently employ, namely in situ and aerial data, only show the pollutant distribution at a specific point in time. This project explores the feasibility of capturing pollutant distributions through EO, particularly on a localized scale. The deliverables will provide the end-users with a comprehensive examination of the efficacy of EO in measuring certain pollutants, ultimately aiding the end-user in understanding the value of incorporating satellite data into their decision-making processes. The end-products can also be used to guide ground-level ozone mitigation strategies. 
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