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Proposal Summary 

A new era of satellite remote-sensing instruments will provide a revolutionary suite of air- 
pollution observations for advancing science applications over the next decade. Although the 
scientific research community is well equipped to adapt to the new era of satellite remote- 
sensing data, a widening gap exists between Earth Science data and routine evaluation and 
application by air-quality agencies for forecasting, regulatory analysis, and management 
decision-making activities. This knowledge and application gap presents an opportunity to 
address the complexity and size of the new remote-sensing datasets to maximize the societal 
benefits. The upcoming satellite missions including TEMPO and MAIA will provide critical 
information that air-quality agencies will be able to employ in their daily and longer-term 
activities. The high spatial and temporal coverage of the satellite observations are expected to 
be particularly suited for application in air-quality management decisions under the federal Clean 
Air Act (CAA) and the states’ authorities. Proposal objectives include: (1) developing and proving 
potential enhancements of applying Earth observations in air quality forecasting and 
management activities; (2) transitioning a tailored air quality toolkit for sustainable use at air 
quality agencies to support the stakeholder’s decision-making activities and processes and to 
complement their existing capabilities. The air-quality toolkit will comprise level 3 and 4 products 
with information about key air pollutants including surface-layer nitrogen dioxide, sulfur dioxide, 
formaldehyde, ozone, carbon monoxide, particulate matter (PM2.5), and Air-Quality Indices 
(AQI), in understandable data formats, structures, and units. Level 3 products will also consist of 
a composite AOD product that merges observations from the TEMPO, Advanced Baseline Imager 
(ABI), MODIS, and VIIRS. Physics-based oversampling will provide higher spatial resolution 
products in areas of complex terrain and urban centers when generating composite trace gas 
products. The level 4 products will leverage chemical transport model (CTM) data from the 
Goddard Earth Observing System Composition Forecasting (GEOS-CF), Comprehensive Air-quality 
Model with extensions (CAMx), High Resolution Rapid Refresh Model (HRRR) with Smoke, or 
Community Multiscale Air Quality (CMAQ) model, to derive trace gas and aerosol concentrations 
in the surface-layer. Surface-based instruments consisting of Pandora, Tropospheric Ozone Lidar 
Network (TOLNet), and EPA-certified reference or equivalent monitors will be used for 
developing and evaluating the air-quality toolkit, with special attention to improving the level-4 
products. Finally, a Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model will 
be configured with a machine learning approach utilizing spectral information from ABI to 
identify areas of dust emissions for initializing 48-hour forecasts. The HYSPLIT forecasts will 
provide rapid information on dust storm track and surface-level PM concentrations, which will 
inform forecasting of air-quality alerts and aid exceptional event analyses. Specific objectives of 
the proposed effort directly align with those of the Applied Sciences Program, including 
identifying the next steps to apply Earth observations by specifying the integration and 
application of data products in air quality agencies’ programs and practices. Overall, this project 
proposes to prepare air-quality agencies for routine application of advanced Earth observations, 
including TROPOMI, TEMPO, MAIA, Pandora, and TOLNet data, by developing specifications for 
a working operational and sustainable set of the data products with file specifications, 
resolutions, and information content tailored to user needs. The overarching goal of this project 
is to increase the ARL of advanced Earth observations at the collaborating end user organizations 
from the current level of 3 to 7 by the end of the project. 
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1. Decision-making Activity 

The Clean Air Act (CAA) requires analysis and careful consideration of data to be used in 
regulatory activities and decisions. Many of the emerging and increasingly important air quality 
issues such as stratospheric ozone intrusions, wildfires, dust storms, and increasing fractions of 
measured air quality impacts caused by international emissions, were not prioritized in the last 
major CAA amendments adopted in 1990. With the continuing development of advanced Earth 
Science data, this project intends to directly link and benefit air quality agencies for these issues 
so improved decision-making activities are the result. In some cases, Earth Science data can 
augment decisions leading to further regulatory programs that reduce air pollutants and provide 
positive impacts on public health in terms of air quality standards. Increasing and easing the 
application of advanced Earth Science data will add robust information for these air quality 
forecasting and public notification response programs in daily operation by states, tribes, and 
many local air agencies. Specific decision-making activities are described below. 
Decision-making activity 1: Apply a tailored air quality toolkit (i.e., satellite-based data files, 
products, and visualizations) to enhance air-quality monitoring and forecasting decisions 
Partners: Connecticut Department of Energy and Environmental Protection (CT DEEP), Idaho 
Department of Environmental Quality - Air Quality Technical Services Division (Idaho DEQ), 
Maricopa County Air Quality Department (MCAQD), Colorado Department of Public Health and 
Environment (CDPHE), Western States Air Resources Council (WESTAR) and Western Regional Air 
Partnership (WRAP) and member states. 
Responsibilities: Whether via natural sources (e.g., wildfires, stratospheric ozone intrusions, etc.) 
or anthropogenic sources (e.g., vehicles, industrial/manufacturing plants, etc.) various state and 
local agencies are responsible for providing messaging to the public and groups of interest in the 
case of hazardous air-quality events or conditions. Often supported by other regional partners 
like the National Weather Service forecast offices or state climate organizations, these air-quality 
agencies collaborate to monitor conditions and provide advisories and warnings to the public. 
Decision making activities impacted: The delivery of messages to the public by air-quality 
agencies has relied on forecast models and ground-based instrumentation for most instances. 
With the introduction of the satellite-based data and products, the stakeholders will need to form 
a new methodology to integrate this information into their decision-making process. The 
satellite-based capability improves the understanding of present air quality conditions, including 
fine-scale spatial gradients in pollutants associated with areas of complex emission sources, 
which can lead to more informed predictions of upstream hazards. The application of the 
satellite data will impact the stakeholder’s awareness in order to complement their existing 
methodology and add value to their end user services. 
Application Readiness Level (ARL): Partner air quality agencies have limited experience with 
applying satellite-based Earth observations and advanced, profiling ground instruments of 
Pandora and TOLNet, but readily apply existing, in-situ instruments. Therefore, we specify an 
ARL of 3 at the start of the proposal. Our ARL goal of 7 means stakeholders will have confidence 
in integrating the proposed products within their operational environment and routinely apply 
them with increased value. 

Decision-making activity 2: Adopt an efficient trajectory model as an air-quality forecast tool for 
rapid response to pollution episodes from dust storms 
Partners: Idaho DEQ, MCAQD, CDPHE, WESTAR / WRAP and member states. 
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Responsibilities: Partner air quality agencies are responsible for providing timely and accurate 
air quality alerts. With the increased frequency of dust storms over the past decade, air quality 
agencies in dust prone regions such as Arizona, Colorado, and Idaho have a greater need to 
improve forecasting methods for alerting the public of degradations in air quality related to dust 
particulate matter. This need is expected to continue to grow due to greater climate change 
impacts, especially in the western region. 
Decision making activities impacted: For timely dissemination of air quality alerts to the public, 
standard forecast operations at partner air quality agencies are typically limited to analyzing one 
operational forecast model due to the lack of coherent decision support systems. By integrating 
a HYSPLIT trajectory model configuration for predicting dust storm track and concentrations into 
our proposed air quality toolkit, the agencies will be able to provide more timely and accurate air 
quality alerts related to dust events. Overall, this activity will improve public notification of 
pollution events, planning to reduce health exposure, and operational forecasting protocols. 
Application Readiness Level (ARL): Our preliminary version of the proposed HYSPLIT 
configuration has highlighted the feasibility of the model to provide accurate dust forecasts 
including surface-level particulate matter concentrations. Therefore, the ARL is currently at 3, 
with the goal of 7 by the project end as we implement the automated version of HYSPLIT. 

Decision-making activity 3: Assess efficacy of an air quality toolkit (i.e., satellite-based data files, 
products, and visualizations) to substantiate Exceptional Events 
Partners: Idaho DEQ, MCAQD, CDPHE, CT DEEP, WESTAR / WRAP and member states. 
Responsibilities: WRAP is a voluntary partnership of states, tribes, federal land managers, local 
air agencies and the US EPA whose purpose is to understand current and evolving regional air- 
quality issues in the West. The regional organizations are providing project management 
contributions (Moore, Co-PI) to assist WESTAR-WRAP member agencies with applications in this 
proposal. Of primary importance are activities to classify transport versus exceptional events 
and substantiate their frequency in the complex terrain of the intermountain West region. Many 
of the exceptional events are commonly impacted by wildfires along with significant regional 
source emissions. This proposed effort will also conduct assessments over Connecticut which 
experiences the highest ozone values on the East Coast. 
Decision making activities impacted: A key issue for examining evidence of exceptional events 
in the complex terrain of the West is to track the movement of emissions causing or contributing 
to the observed concentrations, and in this project, increase the use of corroborating remote 
sensing data. High ozone value days over the East Coast and Connecticut are associated with 
much different emission sources and processes, including automobile and ship traffic and 
complex land / ocean boundaries. The combination of advanced ground-based and satellite data 
products, particularly TEMPO, will better characterize emission sources and their contributions 
to exceptional pollution and ozone exceedance events in these regions. 
Application Readiness Level (ARL): WESTAR-WRAP currently provides extensive databases, 
technical analyses, and results from various information sources to produce consistent, 
comparable, and complete results for use by individual WRAP member jurisdictions and agencies. 
(ref) The Project Beginning ARL of 3. The toolkit developed by this project will significantly 
increase the spatiotemporal information on air pollutants for improving air quality management 
decisions. Our use of TEMPO proxy products will enable the early testing and evaluation for use 
in The Bureau’s established decision support system. The project’s final ARL is expected at 7 once 
operational TEMPO and MAIA are is integrated into user decision processes. 
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2. Earth Observations 
The proposed project will utilize the following satellite instruments for better preparing decision 
support systems at air quality agencies, with special attention on Level 2 data products except 
where noted. The NASA Ozone Monitoring Instrument (OMI) provides NO2, SO2, HCHO, and O3 

products at a spatial resolution as high as 13 x 24 km2 for local mid-day overpass times from low- 
earth orbit (Torres et al., 2007). Similar trace gas products, in addition to CO, will be utilized from 
the European Space Agency’s (ESA’s) Tropospheric Monitoring Instrument (TROPOMI), which 
has increased sensitivity to trace gases and higher spatial resolution compared to OMI for 
resolving fine-scale gradients in pollutants (Veefkind et al., 2012; Naeger and Murphy, 2020). We 
will also take advantage of the NOAA Unique Combined Atmospheric Processing System 
(NUCAPS), with input observations from the Advanced Technology Microwave Sounder (ATMS) 
and Cross-track Infrared Sounder (CrIS), which provides trace gas products of CO, O3, and SO2, 
along with temperature and moisture profiles during both the daytime and nighttime (Nalli et al., 
2020). Aerosol optical depth (AOD) products from the NASA Moderate Resolution Imaging 
Spectroradiometer (MODIS) onboard the Terra and Aqua satellites will be applied in this 
proposal. Extensive validation of MODIS AOD retrievals have led to numerous product 
improvements including AOD over bright reflecting surfaces, multi-angle atmospheric correction 
schemes, and enhanced resolution from 10 to 1 km (Remer et al., 2013). We will also integrate 
AOD products from the NOAA Visible Infrared Imaging Radiometer Suite (VIIRS) onboard the 
Suomi NPP and NOAA-20 satellites, which provides even higher spatial resolution and wider 
swath width than MODIS. The MODIS AOD retrieval algorithm was extended to operate in the 
context of VIIRS to enable consistent products among the instruments. Furthermore, we will 
apply the AOD product from NOAA’s Advanced Baseline Imager (ABI) on the GOES Series-16 and 
-17 (GOES-16, -17), which performs rapid 5-minute CONUS scans with high spatial resolution for 
monitoring rapidly evolving events. The NASA Earth Polychromatic Imaging Camera (EPIC) 
provides an UV aerosol product that closely resembles the planned aerosol retrieval product for 
the NASA Tropospheric Emissions: Monitoring of Pollution (TEMPO) mission. Therefore, we will 
use AOD from the EPIC UV aerosol product as a proxy for TEMPO during the pre-launch era. Once 
operational data become available after launch, we will integrate hourly NO2, SO2, HCHO, and O3 

profile products from TEMPO into the proposed effort. The NASA Multi-Angle Imager for 
Aerosols (MAIA), planned for launch near the time of TEMPO, will provide valuable information 
on speciated PM2.5 concentrations. 
Our proposed effort will also utilize data products from ground-based measurements from the 
NASA Pandora Project, Tropospheric Ozone Lidar Network (TOLNet), and EPA-certified 
reference or equivalent surface monitors. The column and tropospheric O3, NO2, SO2, and HCHO 
products from Pandora, a UV-visible spectrometer system, will be utilized in this proposal. 
Pertinent TOLNet data products include detailed O3 and aerosol profiles within the boundary 
layer and free troposphere (Newchurch et al., 2016). EPA-certified reference or equivalent 
monitors measure PM2,5, NO2, SO2, CO, and O3 at the surface, which will help support the product 
development work in this proposal. Chemical transport model (CTM) data from Goddard Earth 
Observing System Composition Forecasting (GEOS-CF) model, High Resolution Rapid Refresh 
Model (HRRR) with Smoke, Comprehensive Air-quality Model with extensions (CAMx), and 
Community Multiscale Air Quality (CMAQ) model will be integrated with the satellite and 
ground-based products to develop higher level products. 
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3. Introduction and Motivation 
Air-quality standards under the Clean Air Act (CAA) have led to reductions in pollutants and 
positive impacts on health and life expectancy in the U.S. (Bachmann et al., 2007; Pope et al., 
2009), but exceedances of O3, NO2, and particulate matter (PM) standards are still prevalent in 
areas across the U.S. (Zhang et al., 2014; Langford et al., 2015; Jaffe et al., 2018). Refinements in 
air-quality forecasting systems have promoted more timely and accurate public warnings for 
reducing human exposure to poor air quality, but critical uncertainties remain in the models that 
lead to false alarms and missed pollution episodes on a regular basis (Ryan, 2016). Air-quality 
managers have primarily leveraged air-pollution measurements from EPA-certified reference or 
equivalent surface monitors (i.e., PM2,5, NO2, SO2, CO, O3) to support their decision-making 
process, but areas of high air-pollution levels can often go undetected due to large gaps in 
monitor coverage (Sullivan and Krupnick, 2019). Air pollutant observations from satellites can fill 
gaps in surface monitor coverage, but air-quality agencies lack the technical expertise to 
effectively apply the large volumes of scientific data products in their decision-making processes 
(Duncan et al., 2014). 

Figure 1. Proxy TEMPO Tropospheric NO2 vertical column density (VCD) for a 15 UTC scan across 
the FoR on 9 Aug. 2013 when numerous wildfires were producing smoke plumes and enhanced 
NO2 VCDs over the West. Gray areas denote TEMPO footprints with cloud cover exceeding 30%. 
The OMI has been monitoring trace gases with relatively coarse spatial resolution (13 x 24 km2) 
and once-daily temporal resolution for over a decade (Torres et al, 2007). Trace gas products 
from NUCAPS can add value to OMI by providing retrievals during both the day and night, but 
with low sensitivity in the boundary layer and on a coarse 0.5° grid (Nalli et al., 2020). 
Nevertheless, NUCAPS can effectively monitor pollution transport events and stratospheric 
intrusions and have identified threats of wildfire development (Berndt et al., 2020). TROPOMI 
significantly advanced capabilities to observe air pollutants from space due to its enhanced 
instrument sensitivity to trace gases and unprecedented spatial resolution down to 3.5 x 5.5 km2 
(Veefkind et al., 2012), which can characterize pollution from fine-scale emission sources that 
were once unresolved by OMI (Naeger and Murphy, 2020). The TEMPO spectrometer, planned 
for launch in Nov. 2022, will dramatically improve upon the capabilities of TROPOMI by observing 



5  

A new era of Earth Science data will revolutionize the monitoring network by 2023, but the 
tremendous benefits from this network will not be fully realized without effectively 
translating the key scientific information from these datasets to air quality agencies. 

Scientific, Technical, and Management 
 

hourly daytime trace gases and aerosols at high spatial resolution (~2.0 x 4.8 km2) over a FoR 
covering Greater North America (Fig. 1; Zoogman et al., 2017). Non-standard, “high-time” 
operations will also be committed for up to 25% of TEMPO’s observing time for conducting higher 
frequency, sub-hourly scans (every 5 or 10 minutes is possible) over portions of the FoR (Chance 
et al., 2019). MAIA, with a similar launch date as TEMPO. will characterize sizes, compositions, 
and quantities of airborne particulate matter (PM) in targeted areas around the globe, including 
eight targets within the TEMPO FoR. 
Although the scientific research community is well equipped to adapt to new satellite 
observations, an alarming gap exists between Earth Science data products and routine 
evaluation and application by air-quality management agencies for regulatory analysis and 
decision-making activities, which will continue to grow with the complexity and size of the 
datasets. To maximize the societal benefits from the upcoming satellite missions, it is critical 
that the science data are effectively utilized by air-quality agencies, as the accuracy of the satellite 
observations are expected to be particularly suited for application in air-quality management 
decisions under the federal Clean Air Act (CAA) and the states’ authorities. 
In preparation for the TEMPO and MAIA missions, a growing ground-based network of air-quality 
measurements is expected over the next couple of years. Pandora is a ground-based UV-visible 
spectrometer that provides high-quality observations of total column and tropospheric columns 
of trace gases relevant to TEMPO (i.e., O3, NO2, SO2, HCHO; Zhao et al., 2020). The network 
currently consists of more than 20 sites across the TEMPO FoR with an additional 20+ sites 
expected by the time of TEMPO launch, and all partnering air-quality agencies will have Pandora 
sites in their regions of interest. TOLNet has been providing high-fidelity profiles of O3 and 
aerosol structures within the boundary layer and free troposphere since 2011 (Newchurch et al., 
2016). The network currently consists of eight sites throughout the U.S. and Canada including 
sites within regions of interest to our end users (Boulder, CO, and New York City). The detailed 
information content from TOLNet is an untapped resource in measurement, forecasting, and 
management activities at air-quality agencies. These expanding ground-based networks will help 
inform and enhance the proposed value-added data products and air-quality toolkit in this study. 

 

4. Objectives and Expected Significance to the Proposal Call 
This proposal addresses the Earth Science Applications: Health and Air Quality call A.37. Specific 
objectives of the proposed effort directly align with those of the Applied Sciences Program, 
including identifying the next steps to apply Earth observations by specifying the integration and 
application of data products in air quality agencies’ programs and practices. Proposal objectives 
include: (1) developing and proving potential enhancements of applying Earth observations in air 
quality forecasting and management decisions and (2) transfer of a tailored air quality toolkit for 
sustainable use at several air quality agencies. The objectives aim to significantly improve the 
use of Earth observations for societal benefit by: 

● Application of satellite remote sensing for improved spatial coverage of events and 
hazards compared to sparse in situ, point observations 
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● Better understanding by stakeholder of product availability, strengths, and limitations, 
and increased skill with new Earth observations for operational decision making 

● Improved timing of air-quality messaging via trends in high-resolution temporal satellite 
products/imagery and forecasts 

● Application of enhanced ground-based observations via TOLNet and Pandora in the 
context of satellite products 

Overall, this project proposes to prepare air-quality agencies for routine application of advanced 
Earth observations, including TROPOMI, TEMPO, MAIA, Pandora, and TOLNet data, by developing 
specifications for a working operational and sustainable set of the data products with file 
specifications, resolutions, and information content tailored to user needs. The overarching goal 
of this project is to increase the ARL of advanced Earth observations at the collaborating end 
user organizations from the current level of 3 to 7 by the end of the project. 
5. Technical Approach and Methodology 
This project will employ a robust research to operations (R2O) / operations to research (O2R) 
paradigm for transitioning a suite of value-added trace gas and aerosol data products to end 
users. The paradigm will involve an interactive, iterative process between the proposed research 
team and collaborative end-user organizations to ensure data products meet regional user needs. 
Use of Earth observations, particularly new generation satellite products, for enhancing air- 
quality monitoring, forecasting, and management decisions will be evaluated. User needs for 
data products and tools will be separately assessed for air-quality monitoring / forecasting and 
retrospective analyses / management purposes, as information content, file specifications, 
resolution, and accuracy requirements can differ between the applications. 

5.1 Application of Earth Science data in air-quality monitoring and forecasting operations 

Background 

Permanent, seasonal, and emergency ground-based air-quality monitor networks, in 
combination with meteorological and photochemical grid or trajectory dispersion models, are 
the main air-quality forecasting tools currently used by air-quality agencies. However, gaps in 
monitor networks leave many areas unmonitored, while models vary widely in their accuracy, 
forecast period, and spatial resolution, especially for rapidly evolving smoke plumes in the 
western region. Near-real time (NRT) satellite data can help fill in forecasting gaps by providing 
continuous data at regular intervals, while providing situational awareness of pollutant events 
such as smoke plumes. Currently, satellite observations are used only qualitatively in air-quality 
operations due to the complexity of the scientific data files currently available to the community, 
but the NRT data could be applied in a much more rigorous, quantitative manner, especially with 
the advanced capabilities of new satellite technology. It will also be key to utilize the full suite of 
ground-based monitors to complement the satellite data in the operational forecast process, 
particularly the untapped scientific information from Pandora and TOLNet instruments. 
Altogether, this suite of advanced Earth Science data can provide valuable quantitative 
information on emissions and transport of pollutants at the urban scale, which will help monitor 
local background conditions, determine the dynamics of O3 formation, and validate smoke 
models for enabling more reliable operational forecast decisions. 
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Technical Approach 

Analysis of L2 trace gas and aerosol data to create value-added products 
The first step in preparing tailored higher-level (L3+) data files and products is analyzing the 
information content in L2 NRT satellite data files for use at the collaborating air quality agencies. 
To begin this process, the end users on the proposal team will provide documentation of possible 
use cases where the regular operational activities at the agency were inadequate for monitoring 
and forecasting the air quality episode. The end users will actively update PI Naeger and Co-PI 
Moore on potential use cases as they occur throughout the proposal period. PI’s will then 
coordinate with the research personnel to conduct a detailed assessment of available NRT 
satellite and ground-based data products. 
Although the specifics of value-added products will ultimately depend on the end user 
interactions, we propose several procedures for designing files based on prior user engagements. 
For air quality forecasting purposes, end users have requested NRT products with latency of less 
than 3 hours and high-quality retrievals to aid in the dissemination of accurate air quality alerts 
to the public. User guides developed by satellite retrieval teams provide standard guidelines on 
thresholds to use for data variables, such as quality assurance and cloud fraction, to filter the 
product variables (e.g., NO2) for moderate or high quality retrievals. To ensure the most suitable 
data are being used by each air quality agency in this study, we will test the use of different 
thresholds and techniques for the regional needs of end users in Idaho, Arizona, Colorado, and 
Connecticut. The proposed research team will generate NRT visualizations of air pollutants, 
including NO2, SO2, HCHO, O3, CO, and AOD from OMI, TROPOMI (e.g., Fig. 2), NUCAPS, MODIS, 
VIIRS, and ABI observations, overlaid with similar trace gas and aerosol retrievals from available 
ground-based Pandora, AERONET, and TOLNet sites in each end-user region. We will assess 
correlations between the satellite and ground-based trace gas and aerosol data using a range of 

thresholds for quality control variables (e.g., cloud 
fraction, cloud pressure, quality assurance) including the 
standard guidance for moderate and high-quality 
retrievals. Maps and correlation results will be shared 
with the end users to ensure the tailored data files 
contain product variables with desired accuracy and 
spatial information. 
The accuracy of satellite trace gas retrievals is strongly 
dependent on air mass factors (AMFs) from a priori 
information, with different science retrieval teams and 
product versions often using different chemical transport 
models (CTMs) for calculating AMFs. Cloud fraction, 
aerosol information, surface albedo, and profiles shapes 
are all important factors in the calculation of AMF, but the 
highest uncertainties in Vertical Column Density (VCD) 
have been contributed to the a priori profile shape 
(Lorente, et al., 2017; Cooper et al., 2020; Wang et al., 
2020). The latest NASA OMI NO2 algorithm (version 4.0) 
uses NO2 profile shapes from the Global Modeling 
Initiative (GMI) Chemistry and Transport Model (CTM), 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. (top) TROPOMI NRT 
tropospheric NO2 VCD overlaid with 
VIIRS NRT fire detections (magenta 
dots). (bottom) TROPOMI NRT total 
CO VCD. 
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while the TROPOMI NO2 algorithm uses the global Tracer Model version 5 (TM5-MP) for 
specifying a priori profiles. A recent validation study found that inconsistent a priori profile 
shapes used in satellite retrieval algorithms can lead to errors in emission estimates by up to 30% 
(Cooper et al., 2020). Although NO2 tropospheric VCD from TROPOMI showed close agreement 
to Pandora sites in generally low NO2 environments such as Boulder, CO, relative differences 
exceeding 30% have been noted in higher NO2 environments such as New York City (Verhoelst et 
al., 2021). 
These prior validation results are important as air quality forecasters and the public are mostly 
concerned with periods of higher pollutant levels. Therefore, we will document product 
advantages, limitations, uncertainties, and key variables pertinent to each end user region based 
on the supplied use cases. An assessment of the trace gas product VCD units, typically 
represented as molecules per unit area of the Earth’s surface, will be conducted. The VCD will 
be divided by dry air column density derived from co-located model pressure information to 
convert units to dry column mixing ratio in parts per million or billion (ppm, ppb), which will 
enable comparisons to trace gas measurements from EPA-certified reference or equivalent 
monitors (i.e., NO2, SO2, CO, O3). Prior to selecting a model for unit conversion, we will engage 
the end users to understand most appropriate or best options for their decision support systems. 
Possible options include GEOS-CF, GMI, HRRR, CAMx, and CMAQ. Pressure information could be 
extracted from the Global Forecast System (GFS) and Rapid Refresh (RAP) model, among others. 
After diagnosing the L2 data files for the collaborative air quality agencies, the use of HCHO:NO2 

ratios for characterizing tropospheric O3 formation will be diagnosed over each region. 
HCHO:NO2 ratios reflect the sensitivity of local ozone production and are useful for monitoring 
tropospheric O3 production regimes and concentrations (Duncan et al., 2010). A detailed study 
on HCHO:NO2 ratios over Melbourne, Australia found that the vast majority of pollution events 
where O3 mixing ratios exceeded eight-hourly WHO guidelines were associated with HCHO:NO2 

> 2, referred to as NOx-sensitive or NOx-limited conditions (Ryan et al., 2020). High O3 production 
and exceedances were not prevalent in NOx-saturated (i.e, volatile organic compounds (VOC)- 
limited) conditions with HCHO:NO2 ratios < 1. Values between the NOx-limited and NOx- 
saturated conditions are typically regarded as a transition zone. However, the transition zone 
can vary both geographically and temporally, as local ozone production is influenced by other 
factors, such as meteorological variables and water vapor amounts (Duncan et al., 2010). 
Altogether, the use of HCHO:NO2 ratios can provide value-added information to the air quality 
forecasting community on areas of potential O3 production and exceedance events. We will 
evaluate HCHO:NO2 ratios from NRT OMI and TROPOMI data products in conjunction with short- 
term air quality forecast models to better define NOx-limited and VOC-limited conditions for 
regional user needs. 
Development of higher-level 3 and 4 trace gas and aerosol data files 
The proposal research team will construct gridded L3 NRT satellite data products from the L2 files 
at the grid scale of most interest to end users for their regional needs. For users with high- 
resolution needs, spatial-weighting kernel approaches will be tested following Kim et al. (2016) 
to downscale OMI and TROPOMI retrievals to finer resolution grids. This approach could be 
utilized to reconstruct OMI data files to the TROPOMI resolution as well. Quality assurance, cloud 
fraction, and cloud pressure fields will be re-evaluated during creation of the higher-level 
products to determine the most appropriate quality control measures in each region. Following 
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Figure 3. Preliminary L4 surface-layer 
NO2 product derived from TROPOMI, 
OMI, and GEOS-CF forecast data. 

the methodology in Naeger et al. (2016), composite data 
products that integrate scientific information from a 
suite of sensors will also be specified for modification and 
further development. Naeger et al. (2016) showed how 
the careful integration of AOD retrievals from MODIS, 
VIIRS, and Advanced Himawari Imager (AHI) onboard 
Himawari-8 led to comprehensive maps of AOD and 
gradients that were not apparent when analyzing single- 
sensor AOD retrievals. We will update this approach to 
operate for NRT MODIS, VIIRS, and ABI AOD retrievals 
over the end user regions, while also extending this 
current approach to L2 trace gas products from OMI and 

TROPOMI. End users in the western region could especially benefit from quality-controlled 
composite L3 data files where larger uncertainties can occur over the complex terrain, leading to 
significant gaps in spatial coverage of air pollution information from single sensors alone. 
After developing gridded L3 data files based on user input, L4 products that combine NRT satellite 
data with applicable CTM forecast output to translate column densities from satellite instruments 
to ground-level concentrations will be created. We have recently developed the capability for 
generating L4 ground-level NRT trace gas products over the Hindu Kush Himalayan (HKH) region 
using TROPOMI NO2, HCHO, SO2, and CO products in conjunction with a regional 12 km 
configuration of the Weather Research and Forecasting model coupled with Chemistry (WRF- 
Chem; Naeger et al., 2021). Preliminary tests have been conducted over the U.S. (Fig. 3). In 
particular, this approach estimates ground-layer pollutant concentrations from NRT TROPOMI 
VCD data and local trace gas profiles based on 6- to 9-h WRF-Chem forecasts through the 
following equation (Lamsal et al., 2008): 

 
      (1) 

where S represents the surface layer mixing ratio and Ω represents the tropospheric or total 
column density. Subscript “M” denotes the WRF-Chem model and “O” denotes TROPOMI. In 
the equation, v represents the ratio of the local TROPOMI VCD to the mean TROPOMI VCD field 
over the WRF-Chem grid, which helps retain spatial information from the higher resolution 
TROPOMI products when deriving the ground-level concentration. The free tropospheric column 
density from WRF-Chem, indicated with subscript “F”, is also applied in the denominator. 
Although this approach has been applied to WRF-Chem and TROPOMI data, it is applicable for 
other CTMs and satellite instruments such as OMI and TEMPO. Due to the minimal sensitivity of 
NUCAPS in the lower troposphere, the trace gas products will not be applied for this approach. 

 
Since PM2.5 products are not readily available in NRT, we will estimate PM2.5 based on satellite 
AOD data and surface aerosol concentrations from user preferred CTM forecast output through 
the following equation (Liu et al., 2004): 

 
(2) 
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where SA and AOD represent the surface aerosol concentrations and AOD, respectively, with the 
subscript “M” denoting the CTM and “O” denoting the satellite retrieved AOD. This local scaling 
factor approach has been shown to correct for spatial and temporal variations in aerosol vertical 
profile, aerosol type, and atmospheric conditions that can influence PM2.5 estimates (Liu et al., 
2004). The composite AOD products generated as part of our suite of L3 data files will be used 
for AOD0 in equation (2). For regional user needs, a local correction estimation procedure will be 
applied in NRT around locations of PM2.5 surface monitors to correct for biases in the PM2.5 

estimates from equation (2). We plan to test the Distance-based Analog (DIST-AN) method 
where inverse weighted distance averages of biases in PM2.5 estimates are constructed at surface 
monitor locations (Lyu et al., 2017). Ordinary Kriging will be used to spatially interpolate the 
biases from the monitor locations to the broader regional domain (Oliver et al., 1990). This 
relatively straightforward procedure to estimate PM2.5 and perform bias-correction in NRT is 
particularly suited for use at air quality agencies that require computationally inexpensive 
processes for implementation into decision support systems. PM2.5 data files will be designed 
based on discussions with end users. We plan to incorporate speciated PM2.5 data from MAIA 
(once available after launch) in Section 5.2 using a more robust procedure for retrospective 
analyses and air quality management purposes. 
Using the surface-layer pollution information from the L4 products, we will calculate satellite- 
based air quality indices (AQI) based on regional user needs. An example of a satellite-based 
multipollutant index using the WHO Air Quality Guidelines (AQG) from Cooper et al. (2012) is as 
follows: 

SATMPI =   𝑃𝑃𝑃𝑃2.5        [1 +     𝑁𝑁𝑁𝑁2       ] (3) 
𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃2.5 𝐴𝐴𝐴𝐴𝐴𝐴𝑁𝑁𝑁𝑁2 

where PM2.5 and NO2 would come directly from the L4 product variables and AQG for PM2.5 and 
NO2 are 10 µg m-3 and 40 µg m-3, respectively. We could also replicate the AQI based on ozone 
and PM pollution concentrations from the EPA using the surface-layer O3 information from our 
L4 products. Different formulations of the AQI will be discussed with the partner air quality 
agencies and applied in their specific decision-making processes. 
Adapt approach for specifying TEMPO data files 
As Deputy Program Applications (DPA) Lead for the TEMPO mission, PI Naeger has generated a 
proxy TEMPO dataset from July 2013 – June 2014 based on the global high-resolution Goddard 
Earth Observing System-5 Nature Run with full chemistry (GEOS-5 NR-Chem; Naeger et al., 2021). 
The NetCDF files, as planned for the operational mission, include the baseline data products of 
0-2 km O3, tropospheric O3, total O3-, NO2, HCHO, and AOD. The proxy AOD product is based on 
the EPIC L2 UV Aerosol Product, since the planned TEMPO aerosol retrieval algorithm will closely 
resemble EPIC. PI Naeger has extended this dataset to the post-2018 period by utilizing trace gas 
and aerosol profiles from the GEOS Composition Forecasting (GEOS-CF) model with 0.25° grid 
spacing in order to facilitate an operational-like distribution of TEMPO data files until real TEMPO 
data become available as early as May 2023. Expected NRT products (e.g., data latency < 3 hours) 
from TEMPO include tropospheric NO2, total column HCHO, total column SO2, and AOD. Data 
latency of around 8 hours is expected for O3 profile product. 
For the collaborating end user agencies, early specification of TEMPO L2 data files will begin in 
the pre-launch phase of the mission by taking advantage of the proxy TEMPO data. Pre-launch 
assessments will include requirements for file sizes, file types  and  structures,  and granule 
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information over each region, in addition to needs for high-time data from TEMPO, which will be 
provided by the non-standard, sub-hourly observing time of TEMPO. The high-time observations 
are a key application component of the mission, as they may consume up to 25% of the observing 
time of TEMPO and can perform rapid 10-min or less scans over portions of the TEMPO FoR for 
monitoring rapidly evolving pollution events such as smoke from fires. NRT products for NO2, 
HCHO, SO2, and AOD are also anticipated from the high-time scan operations. 

The proposed research team will begin working with the operational NRT TEMPO files once 
available after launch, with the anticipated release of publicly available data in May or June 2023. 
The methods discussed earlier in this section will be applied in the context of hourly and sub- 
hourly NRT TEMPO data (when available), along with the O3 product. Although data latency for 
the 0-2 km O3 product will be around 8 hours, details on air pollution in the boundary layer from 
this product will likely still provide useful information for the air quality forecasting community. 

A priori information and AMFs for the operational TEMPO 
trace gas products will be derived from monthly averaged 
GEOS-CF data at hourly daytime intervals. The TEMPO trace 
gas products will be compared to Pandora measurements to 
ensure appropriate quality assurance measures are applied to 
the VCD data and identify necessary refinements to AMF 
calculations for regional user needs. Development of L3 trace 
gas and aerosol files will commence after specification of L2 
files as discussed for other satellite data products. Our 
composite AOD approach for estimating PM2.5 in equation (2) 
will incorporate NRT TEMPO data. Applicability of hourly 
HCHO:NO2 ratios from NRT TEMPO observations will also be 
assessed in each end user region. In the event that the 
TEMPO launch or data products are significantly delayed, we 
will continue to coordinate with the end users on TEMPO data 
by designing tailored L3 and L4 files based on the proxy data 
files. 
Lagrangian trajectory forecast model for rapid response to 
dust storms 
To aid in the rapid response to PM2.5 exceedances related to 
dust storms over relevant end user regions, we will design a 
computationally-inexpensive and simple trajectory forecast 
system capable of providing up to 3-day forecasts within 
minutes of initialization. The NOAA Air Resources 
Laboratory’s (ARL) Hybrid Single-Particle Lagrangian 
Integrated Trajectory (HYSPLIT) model (Stein et al., 2015) has 
been applied in a variety of simulations to describe the 
atmospheric transport, dispersion, and deposition of 
pollutants (e.g., Chen et al. 2013). In particular, PI Naeger 
successfully utilized the HYSPLIT model for conducting 
forward trajectory analyses of long-range transported dust 
and pollution plumes from Asia to the western U.S. (Naeger 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. (top) GOES-16 ABI 
Dust RGB image, (center) 
PM2.5 AQI (bottom) HYSPLIT 
total dust concentration 
forecast in the lowest 100 m 
above ground level. 
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et al., 2016). More recently, PI Naeger has initialized HYSPLIT trajectory forecasts based on color 
intensities in GOES ABI Dust Red-Green-Blue imagery product, which depict areas of dust in pink 
to magenta colors. The transport pathway of a recent dust storm originating from Colorado in 
Jan. 2021 was accurately predicted by the HYSPLIT configuration initialized with Dust RGB 
product information. PM2.5 concentrations in the surface-layer (0 - 100 m above ground level) 
were also well represented by the trajectory model, as PM2.5 levels increased across eastern 
Texas due to the deposition of dust particles aloft. Surface monitors observed unhealthy air 
quality around Waco and Killeen, Texas due to the long-range transport of dust (Fig. 4). 
For this project, we propose to develop a machine learning approach for initializing 48-h HYSPLIT 
trajectory forecasts based on ABI infrared imagery, band differences sensitive to dust absorption, 
and Dust RGB product color components as inputs into a simple random forest model. This 
machine learning approach for dust detection has been developed at UAH and NASA SPoRT 
(Berndt et al., 2020). The proposed research team will adapt and implement the current machine 
learning approach for dust into the HYSPLIT trajectory configuration. We expect that these 
computationally efficient trajectory forecasts will provide valuable, rapid-response information 
for enabling timely responses to air quality exceedances. This operational configuration of the 
HYSPLIT model will be implemented into the decision support system for each relevant end user. 

 

5.2 Application of Earth Science data in retrospective analyses and regulatory decision-making 

Background 

Air quality management activities include monitoring, emissions inventory development, 
exceptional event demonstrations, and model attainment demonstrations. Agencies develop 
emission inventories (EI) to determine air quality trends, to provide model inputs, and to 
prioritize further regulation of pollutants. Bottom-up engineering process-based EIs, as currently 
developed by states, have significant uncertainties due to assumptions on the emissions rates of 
chemical species, including use of average annual emissions estimates for the number of sources 
operating at highly variable emissions levels. The new generation of satellite data will provide 
high-resolution coverage of key pollutants (e.g., NO2, SO2, HCHO) for gap-filling patterns of 
emissions intensities and better resolving chemistry of sources, thereby reducing uncertainty and 
improving management decisions for which EIs are used. These decisions will be further 
improved with the use of new ground-based networks to complement the satellite data. 
Furthermore, background concentrations of criteria pollutants are required for stationary source 
permitting activities in states. Adding advanced satellite and ground-based data to the current 
interpolation of modeled and monitored data will improve spatial distributions and overall 
accuracy of background concentrations used in permit decisions. For exceptional event 
demonstrations, the regular application of satellite data in conjunction with current model data 
can especially benefit unmonitored area analyses along with monitor siting decisions. Although 
the tremendous benefits of applying advanced Earth observations for air quality decision-making 
activities are apparent, they have not been realized by air quality agencies due to the 
overwhelming data volume and complexity on their existing resources. 
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Technical Approach 

Creation of tailored L3 and L4 trace gas and aerosol data files 
Much of the groundwork for specifying and developing trace gas and aerosol files and products 
was accomplished in the Section 5.1. Therefore, the research team will employ the general 
methodology and transition approach used for the air quality forecasting applications. However, 
a number of key differences will be discussed in this section. 
To best design products and toolkits that meet the partnering agency needs, end users will supply 
documentation and outcomes from retrospective studies to the research team. Standard or 
offline products from all satellite datasets will be utilized in order to produce more accurate 
versions of the tailored L3 and L4 data files. Stricter specifications of quality control variables 
and procedures may be applied for generating value-added products for retrospective studies 
and management decisions in each end user region. In addition to hourly and daily data at 
preferred grid scales of the users, data products composited over weekly and monthly periods 
will also be of interest. For example, weekly or monthly composites of HCHO:NO2 ratios can be 
constructed for significantly reducing the noise levels of the imagery for individual satellite 
granules in NRT discussed in Section 5.1. These longer-term composite data files and imagery 
can also be provided at enhanced spatial resolution for aiding air quality management decision 
processes by applying oversampling methods to the standard or offline L2 data products. We 
will test the physically-based oversampling method in Sun et al. (2018) to spatiotemporally 
average L2 trace gases (NO2, HCHO, SO2, CO, O3) from CrIS, OMI, TROPOMI, and TEMPO onto a 
finer L3 grid. This method utilizes 2-D super Gaussian functions to represent the spatial response 
functions of satellite sensors, which can better characterize local gradients of trace gases over 
shorter temporal windows compared to conventional oversampling approaches (Huang and Sun, 
2020; Sun et al., 2018). We anticipate that this oversampling technique will be particularly useful 
for the NO2, SO2, and HCHO products from TEMPO with hourly or greater temporal frequency 
during the daytime. Enhanced L3 TEMPO products down to 1 km resolution could be achieved 
at weekly time scales for providing unprecedented details on fine-scale emission sources (K. 
Chance, personnel communication) 
Partnering air-quality agencies in Colorado and Connecticut could reap benefits from routine 
application of TOLNet O3 and aerosol profiles into their decision processes. A TOLNet site has 
been operating at NOAA ESRL in Boulder, CO since 2015 (Fig. 5), and a new site was recently 
deployed nearby Connecticut at the City College of New York (CCNY). For the retrospective cases, 
we will update the AMFs in the satellite O3 products based on TOLNet profiles at the ESRL and 
CCNY sites to improve the local O3 information content in these areas. The Boulder site 
represents an ideal location for application of TOLNet O3 profiles as the complex terrain and flows 
in the region can influence rapidly changing O3 concentrations. Higher uncertainties in satellite 
retrievals are also common in areas of complex terrain; therefore, we expect a priori information 
from TOLNet O3 profiles to lead to significant improvements in O3 VCDs for satellite footprints in 
the local vicinity of the TOLNet site. O3 VCDs from the impacted satellite footprints will be 
integrated into the specified L3 and L4 O3 products and visualizations for end users in Colorado 
and Connecticut. TOLNet profiles augment the information content of satellite products, 
especially the 0-2 km O3 product and the AOD from TEMPO. The additional vertical/temporal 
information from TOLNet measurements will increase the utility of the new satellite O3 and 
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Figure 5. (top) TROPOMI Offline 
total O3 product at 1916 UTC 8 June 
2021. (bottom) TOLNet O3 profiles 
at Boulder ESRL site on same day. 

aerosol data in air-quality management decisions. For this 
reason, the proposed research team will specify TOLNet 
products and visualizations for end users in Colorado and 
Connecticut. 
To further improve the accuracy of our L4 surface air- 
quality products for addressing regulatory needs of all 
partnering agencies, we will integrate trace gas and 
aerosol data from Pandora, AERONET, and surface 
monitor (i.e., EPA-certified reference or equivalent) 
stations into our air quality toolkit. We will expand on the 
DIST-AN method applied in Section 5.1 to operate in the 
context of our L3 trace gas and aerosol products and 
applicable Pandora and AERONET observations. The local 
correction factors for NO2, SO2, CO, O3, and AOD from the 
DIST-AN method will be applied for periods of interest to 
our end users to arrive at value-added L3 products with 
reduced uncertainties. The value-added L3 data will then 
be used as input for creating L4 surface-level products 
that will involve a second round of specifying local 
correction factors based on the DIST-AN method and 

PM2,5, NO2, SO2, CO, and O3 from surface monitors. These L3 and L4 products will provide 
enhanced information content for air pollutants facilitating improved air-quality management 
decisions. 
Enhanced PM2.5 products from integration of MAIA products 
Once MAIA data products become available after launch, we will extend the methodology in 
Section 5.1 (i.e., Eq. 2) to include MAIA L2 PM data, which will provide column PM2.5 

concentrations for sulfate (SO4), nitrate (NO3), organic carbon (OC), black carbon (BC), and dust, 
in addition to total PM2.5. A primary target area (PTA) of MAIA will focus over Boston, MA, 
encompassing the entire state of Connecticut, while a secondary target area (STA) will focus over 
Denver, CO, and Phoenix, AZ. Therefore, our partnering air quality agencies in these regions will 
be able to take advantage of the unique MAIA observations. MAIA will make observations once 
per day over the STA and a few times per week over the PTAs. To integrate MAIA PM2.5 products 
into our earlier approach for deriving surface-level PM2.5 (Eq. 2), individual terms for calculating 
surface-level AOD associated with each aerosol type (SO4, NO3, OC, BC, dust) will be applied in 
an updated version of Eq. 2. For each MAIA overpass, CTM output fields of speciated AOD for 
corresponding times will be integrated into the equation along with the PM2.5 product from 
MAIA. Since we are applying this approach for retrospective analyses, we will use CTM analysis 
data files rather than the forecast files as proposed in Section 5.1. If users prefer the GEOS-CF 
model in this context, then the meteorological replay dataset from GEOS-CF would represent the 
CTM analysis input into the equation. After specifying each AOD term in the equation, a 
summation of the terms will arrive at the value-added surface-level PM2.5 for application in 
retrospective analysis and air quality management decisions. We will also investigate the utility 
of aerosol profiles from TOLNet at the ESRL (Boulder, CO) and CCNY (New York City) sites to 
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Feedback from air managers about their explicit applications where and when Earth Science 
data are most useful, as well as identification of needs to be addressed in planning future 
platforms and sensors, will be gathered throughout the proposed activities above. 
Successful completion of these activities will facilitate the regular use of advanced Earth 
Science data in retrospective analyses and regulatory work at air quality agencies. 
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understand the vertical extent of the aerosol layers and 
identify potential biases in the derived surface-level PM2.5 

concentrations in the vicinity of the sites. 
High-time TEMPO experiments for end users 
Our proposed project will examine the application of high- 
time TEMPO data products in retrospective analyses. There 
are several high-time experiments currently proposed in the 
TEMPO Green Paper (Chance et al., 2019), which apply over 
the regions of interest in our study. For example, 
collaborator Geigert at the Connecticut Department of 
Energy and Environmental Protection (CT DEEP) expressed 
his needs for high-time TEMPO observations to better 

understand emission sources of O3 precursors, such as NO2, and how the source, strength, and 
timing of the precursors govern the O3 concentrations for highly polluted days during the ozone 
season from May to September (Fig. 6). High-time TEMPO scans with temporal frequency as high 
as 10 minutes will provide new information on the spatiotemporal evolution of emissions from 
the variety of sources within the CT DEEP region, including mobile sources, marine vessels, and 
electrical generating units. The improved characterization of emission sources and their 
contribution to O3 production through use of the high-time TEMPO data will provide key 
information into the air quality management decision process. The proposed research team will 
also test the application of oversampling methods (discussed in Section 5.1) at even shorter time 
windows than weekly by combining information from the hourly and sub-hourly scans to produce 
value-added products down to 1-km grid spacing. 

6. Applications Readiness Level 
This project will start at an ARL of 3, as some Earth science data, mostly from surface monitors, 
have been tested and validated independently for application in air quality decisions and a 
detailed characterization of the user decision making process has been conducted. However, air 
quality information from the most advanced Earth science datasets, especially satellite data, have 
not yet been adopted in our partnering end-user decision support tools. We will utilize a well- 
established R2O / O2R paradigm to carefully integrate a suite of value-added data products in 
decision support tools based on user involvement throughout the product development stages. 
The ARL will steadily increase throughout the project as we specify new data files, products, and 
tools based on testing and validation, in addition to regional end user needs. We aim to achieve 
an ARL of at least 7 after demonstrating the functionality of the integrated components of the air 
quality toolkit into the partner’s decision making activity. Our Amazon Web Services instance 
(see Transition and Sustainability Plan) could ultimately support sustainable use of our tailored 
air quality products and toolkit in the event that our partnering air quality agencies are willing 
and able to commit resources for an AWS environment after the end of the project. 

 
 
 
 
 
 
 
Figure 6. GEO-CAPE Airborne 
Simulator (GCAS) NO2 VCDs 
during Long Island Sound 
Tropospheric Ozone Study 
(LISTOS) 2018 ~1530 UTC Sept. 6. 
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7. Data Management Plan 
The UAH research team (PI Naeger, Co-I Fuell, Co-I Newchurch, Co-I graduate student) is centrally 
located at UAH and the NASA SPoRT Center, which will allow for close coordination among the 
team on scientific and technical issues with satellite and ground-based data products. Data 
archives for the satellite and ground-based data products will be maintained on one common 
cluster at NASA SPoRT to maintain workflow. The SPoRT cluster consists of 26 nodes with a total 
of 728 cores and 220 TB of space overall, including storage available (>30 TB) to support the data 
demand from the suite of proposed observational and model data products in the project. PI 
Naeger currently maintains archives of satellite, ground-based, and CTM data on this cluster, and 
has built a preliminary system for downloading, processing, and creating value-added data 
products for NRT and retrospective applications. All original L2 satellite data products are 
publically available from different sources, including NASA Earthdata, Sentinel-5P Copernicus 
Open Access Hub, and Tropospheric Emission Monitoring Internet Service (TEMIS). Pandora and 
TOLNet data are publically available through the HTTP server provided through the Pandora 
Project website and data portal maintained by the NASA Langley Research Center. The research 
team also maintains scripts for downloading GEOS-CF model data from the NCCS Dataportal 
available through HTTPS. Scripts for downloading and processing other publically available 
regional photochemical grid model datasets (e.g., CAMx, CMAQ) provided by WESTAR-WRAP 
data warehouses and defined by end users will be developed. Other relevant data includes EPA 
air quality monitoring data available from AirNow. As TEMPO DPA Lead, PI Naeger also maintains 
a dedicated server for processing and archiving proxy TEMPO Data. This efficient architecture 
will be used to generate additional proxy TEMPO data for relevant use case periods defined 
during the pre-launch era of the mission. We will disseminate our tailored data files to the 
collaborative end users through the HTTPS server at NASA SPoRT and storage bucket on the AWS 
workstation discussed below. 
Pertinent data products from the SPoRT cluster will be transferred to the proposed AWS 
workstation for facilitating training activities and developing an effective workflow for the air 
quality toolkit. Data storage and virtual machine requirements for AWS workstation were 
calculated based on estimated number and file sizes of tailored trace gas and aerosol products 
developed in this proposed effort. 
We will also present and share research results to the public via meetings and peer-reviewed 
publications. All research data files used to generate our displayed results will be made 
accessible to the public through several different mechanisms including: supplementary 
information to the published articles, AWS cold storage, and HTTPS file server upon request. All 
relevant trainings and user guides will be immediately shared with end users. We will also 
acknowledge instrument PIs and reference data sources used to generate results in the 
publications. 
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8. Performance Measures 
This project is intended to better connect NASA Applied Science programs and delivery of Earth 
Science data, and NASA-sponsored research activities, to the routine, day-to-day Clean Air Act- 
required air quality management by hundreds of public agencies. The project will fill gaps 
between satellite data research and the operational legal requirements to protect, maintain, and 
improve U.S. air quality. We will interact with air quality regulators to test applications of the 
data and analyses described and methodically advance and enable the routine application of 
Earth observations by air quality management agencies. However, this will require analysis and 
careful consideration of data to be used in CAA regulatory activities and decisions. This project 
takes significant and reproducible steps to apply Earth Science data and analysis results to 
address many of the emerging and increasingly important air quality issues that were not 
prioritized in the last major CAA amendments adopted in 1990. These include stratospheric 
ozone intrusions, wildfires, dust storms, and increasing fractions of measured air quality impacts 
caused by international emissions. The CAA analysis requirements provide criteria for regulatory 
actions and in some cases, Earth Science data can and will augment decisions leading to further 
regulatory programs that reduce air pollutants and provide positive impacts on public health in 
terms of air quality standards. This project will prepare for immediate use of TEMPO and MAIA 
data after their launch, and through the practice of application, will add robust information for 
these air quality forecasting and public notification response programs in daily operation by 
states, tribes, and many local air agencies. 
Metrics and measures to be used to assess these outcomes and results for our Toolkit include: 
1) Partner agencies analyze column information on air pollutants from satellites through 

browsing multiple online visualization tools, such as Worldview and AerosolWatch. However, 
application of advanced Earth observations in the decision-making process remains limited 
due to low awareness of how to apply the scientific information from the complex datasets 
in operations. Regular use of Earth observations for analysis of air quality exceedances and 
hazards is measured through the integration of this data into existing application methods to 
enhance those results. Partner agencies will collaborate with the research team to measure 
the impact of this data integration in terms of increased spatiotemporal coverage and 
accuracy of air pollutant information in their operations. 

2) For assessing surface air quality, partner agencies typically utilize sparse surface monitor 
measurements in conjunction with a forecast model. Integration of advanced satellite and 
ground-based data products with multiple forecast models will lead to increased accuracy in 
surface-level pollutant concentrations of at least 25% compared to baseline performance. 

3) The project will increase the frequency of Earth observation applications for air quality 
decisions. User feedback from partner agencies during initial product assessments will be 
compared to operational surveys at the end of the project to characterize the impact of the 
proposed air quality toolkit during different air quality episodes. 

4) The proposal team will evaluate the lead time of messaging to dust storm and particulate 
matter episode alerts. The rapid response tool for dust storms in the proposed effort aims 
to reduce lead times to the public by a factor of 2 compared to the baseline operations at 
partner agencies, which relies heavily on satellite browse images and meteorological 
forecasts. Training, feedback, and documentation will be compiled to facilitate the rapid 
response tool. 
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9. Anticipated Results and Improvements 
The “baseline” performance of the decision-making activities of our collaborative air quality 
agencies rely mostly on ground-based air-quality monitor networks in conjunction with 
meteorological and photochemical grid or trajectory dispersion models. Our proposed activities 
will integrate new and underutilized Earth science data products, particularly from advanced 
satellite observations, to significantly improve the spatiotemporal information on air pollutants 
in the current baseline systems and skill in using Earth observations in air-quality management 
decisions under the federal Clean Air Act (CAA) and the states’ authorities. 
Decision-making activity 1: Apply a tailored air quality toolkit (i.e., satellite-based data files, 
products, and visualizations) to enhance air-quality monitoring and forecasting decisions 
Improvements over baseline performance: Our application of advanced satellite and ground- 
based products during the pre-launch era of the TEMPO and MAIA missions will enable end users 
to better understand spatial gradients in trace gases and pollutants from fine-scale emission 
sources, which can enable improved characterizations of emission sources and impacts on air 
quality. Integration of TEMPO data will further improve information on the temporal variability 
of emission sources and evolution of air pollutant mixtures throughout the daytime. The higher- 
level (L3+) satellite-based products in our toolkit will provide new information to the partner 
agencies on pollutant concentrations in the surface-layer for enhancing capabilities to monitor 
air quality and inform forecasts. 
Decision-making activity 2: Adopt an efficient trajectory model as an air-quality forecast tool for 
rapid response to pollution episodes from dust storms 
Improvements over baseline performance: Lack of coherent decision support systems at partner 
air quality agencies prevent efficient forecast operations for response to rapid evolving events 
such as dust storms. Baseline operations consist of analyzing one forecast model (e.g., GEOS-CF, 
CAMx) in addition to a list of web links and surface monitor measurements. The integration of a 
computationally inexpensive and accurate HYSPLIT trajectory model in the proposed effort will 
enable more timely and accurate air quality alerts for dust events. 
Decision-making activity 3: Assess efficacy of an air quality toolkit (i.e., satellite-based data files, 
products, and visualizations) to substantiate exceptional events 
Improvements over baseline performance: Baseline operations at air quality agencies mostly 
rely on ground-based air-quality monitor networks, in combination with photochemical grid or 
trajectory dispersion models, for substantiating exceptional events. This proposed effort will 
substantially improve upon the baseline operations by integrating high spatiotemporal 
information from new Earth observations into exceptional event analyses. In particular, the 
immediate integration of TEMPO products will provide advanced capabilities to track the 
movement of pollution plumes associated with emission sources, particularly over the West 
where the terrain can influence complex pollution flows. TEMPO will also be able to characterize 
pollution processes across land / ocean boundaries, which influence ozone concentrations over 
Connecticut. Speciated PM2.5 products from the MAIA PTA extending over Connecticut will 
further enhance the characterization of emission sources and contributions to exceptional events 
when used in conjunction with trace gases from TEMPO. 
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10. Transition and Sustainability Plan 
We will leverage our successful R2O / O2R paradigm built at the NASA SPoRT Center during the 
past couple of decades to transition the use of advanced Earth science data to operational staff 
at air quality agencies. Throughout the project, we will closely engage the collaborating end user 
agencies to specify data files, products, and visualizations based on local and regional needs. 
Customized end-user training materials will be created to effectively highlight advantages and 
explain limitations of the products. Web-based micro-lessons (i.e. 5-8 minutes each) to support 
product introduction and understanding will be developed, as well as scenario-based, interactive 
training modules to promote learning re-enforcement via decision-based activities. Additionally, 
the team will engage users via targeted assessments to evaluate prototype product utility and 
obtain user feedback through online forms, emails, and forums. The research team will provide 
visualizations of the tailored, value-added data products through the currently implemented 
Web Mapping Service (WMS) at SPoRT. The SPoRT Center also maintains a Worldview instance 
and Esri ArcGIS licenses for additional visualization capabilities to interact with end users on 
product developments and assessments. Our team will conduct post-training surveys and 
assessments to implement any additional refinements to our air quality toolkit. To assist in 
training, product development, and sustainability, we will utilize Amazon Web Services (AWS) 
where an AWS instance will be built on the Amazon Elastic Compute Cloud (EC2) to operate with 
the proposed suite of satellite, ground-based, and model products. 
Essentially, the AWS will act as a common decision support system that will help build specialized 
workflow environments for application in air quality forecasting and management activities. 
During the first two years of the proposal period, we plan to construct AWS instances for training 
exercises and retrospective studies, requiring storage for Earth science data files (satellite, 
ground-based, model products) and computing capabilities for processing the files in a NRT 
environment using different programming codes (Python, IDL, Fortran), including HYSPLIT model. 
Workflow will be adapted based on post-training surveys and follow-up telecons to ensure 
decision support meets user needs. Prior experiences have shown that sustained use of a new 
product or system is more likely to succeed when users have contributed feedback incrementally 
and thereby shaped the resulting end product. The first two years will include the gathering of 
application examples from local product ‘advocates’ for use within an ‘Applications Library’ in 
order to support sustained product use by less experienced or incoming new users. 
Year 3 of the proposal period would focus on the implementation of the AWS instances in an 
operational environment for 24/7 support, which will enable users to access at their leisure. 
Collaborating end users, and eventually other agencies and public users, could implement the 
generalized workflow of our AWS instance on their local machines for long-term sustainability at 
their respective agencies. The AWS instances will ultimately expand the use of advanced Earth 
science data products to a wider audience, while better communicating product development 
and file specification activities among the proposal team. PI Naeger and Co-PI Moore will make 
site visits to conduct in-person, hands-on training with the end users, thereby ensuring the final 
transition of data processing, modeling system, and visualization for sustainability beyond the 
project. 
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11. Project Management and Schedule 
Initial proposal work will involve the specification of L2 trace gas and aerosol products for use by 
operational users in order to complement their existing data. Through collaboration with users 
on past case examples, L3 and L4 products will be tailored to the operational needs for improved 
decision making. Each of these steps will be supported via expert content within short, digestible 
training resources. The project will focus on OMI, TROPOMI, ABI, NUCAPS, Pandora, TOLNet, and 
proxy TEMPO data through at least April 2023 (expected release of TEMPO products). Concurrent 
to the tailored monitoring products, the establishment of the HYSPLIT model will begin in Year 1 
with transition and user assessment in Year 2. The proposal team will work closely with 
stakeholders to establish a methodology for forecast output on demand for dust events in Year 
2 and for comparison to the initially developed products that serve as a proxy to upcoming 
TEMPO and MAIA capabilities. The goal is to prepare users for early adoption of TEMPO and 
MAIA data upon their release after launch and to iterate on the tailored L3 and L4 products for 
eventual inclusion in the air quality toolkit. Preparations for ingest and processing of TEMPO and 
MAIA data will be in mid Year 2 with steady progression through ARL levels as the transition to 
operational users is supported by further training and technical sessions. Lastly, with 
stakeholders at a high familiarity with TEMPO, the high-time capabilities will be evaluated in early 
Year 3 via user assessment in combination with prior monitoring and forecast products from the 
proposal work. 
PI Dr. Naeger (TEMPO DPA Lead) will be responsible for leading and executing all science 
objectives. Co-PI Moore will provide support with the engaging partner air quality agencies, and 
Co-I Fuell will work with PI’s and users to develop training materials to support product 
understanding and application. Fuell will also support operational assessment activities in order 
to capture product impact via user feedback. Co-I Newchurch (TOLNet founder and Chief 
Scientist) will provide guidance on best practices for transitioning TOLNet and Pandora data. A 
graduate student will be heavily involved in several different tasks of the proposal related to 
product development, coding requirements, and building the HYSPLIT configuration. PI Naeger 
and Co-I Newchurch will lead the coordination activities of high-time scans over applicable end 
user regions. Collaborator Berndt and Sullivan will provide additional expertise on NUCAPS and 
TOLNet capabilities and products. Quarterly telecons and annual in-person meetings and 
workshops will be held between each partner air quality agency and research team to facilitate 
effective transition of the air quality toolkit. Progress reports will be submitted at the end of 
each project year. Publications in high-impact journals are planned in Year 2 and Year 3. 

Table 1. Proposed timeline of major tasks. Anticipated ARL index during each task is 
indicated in the shaded boxes. 
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12. Statements from End-user Organizations 
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13. Budget Justification 
This budget is submitted by UAH in Huntsville, Alabama. 

 
The following addresses the basis for the specific elements of cost: 
A. Direct Labor: 

PI Aaron Naeger requests support at 0.25 FTE during the 3-yr project period to lead the overall 
project workflow and production of annual and final reports. He will also be responsible for 
the execution of all science objectives while advising a graduate student. Co-I Fuell will work 
with PI’s and users to develop training materials to support product understanding and 
application. Professor Newchurch requests support at 0.05 FTE through the 3-year period to 
provide expertise in TOLNet and Pandora data. PI Naeger requests support for graduate 
student at 1.0 FTE throughout project period to process data, develop code, and aid in 
producing the tailored and files and HYSPLIT model. The total salaries and wages accounts for 
a 3% annual inflation factor. 

B. Operating: 
1. Publications: ~$3500/yr to support two publications in Yr-2 and Yr-3 of the proposed effort. 

These estimates are based on past publishing experience (1 paper per year at 20-25 
pages) and page charge rates for AMS ($145/page) and AGU ($150/page) journals. 

2. Computing Fees: Costs are including for Amazon Web Services (AWS). AWS will be used 
for training and workshops along with some minimal data storage during Yr-1 and Yr-2. 
An operational 24/7 AWS instance will be built during Yr-3, with projected costs around 
$10K. AWS calculator was used to estimate costs based on monthly charges of the Elastic 
Compute Cloud (EC2) of $1486 including 30 GB of storage. Simple Storage Service (S3) 
space of 3 TB was included in costs for each year ($450/month). 

3. Travel: Budgeted amounts include travel to three conferences or meeting per year, the 
annual Health and Air Quality meeting, A&WMA, and AMS. Two travel trips per year for 
two travelers (PI Naeger, Co-PI Moore) are also budgeted for workshops and trainings at 
end user locations. Travel amounts are based upon typical, previous experience at 
workshops and meetings, and include travel cost, registration fees (if applicable), and 
abstract fees (if applicable).  

4. Subaward to WESTAR/WRAP: Co-PI Charles Moore at WESTAR/WRAP requests total 
support at an equivalent 0.23 FTE for the 3-yr project period. See subaward details. Travel 
for Co-PI Moore was incorporated into UAH Travel budget above. 

 
D. Facility and Administrative Costs: 

The University negotiates its pre-determined F&A cost rates with the Department of Health 
and Human Services. The negotiated rate for Off-Campus Research for FY18 is 48%. These 
rates are based on Modified Total Direct Costs (MTDC). F&A costs are not charged on capital 
expenditures, such as equipment, alterations, renovation, fellowships, scholarships, tuition, 
rental of off-site facilities, and patient care. Cost estimates include a 3% escalation each year. 

 
Total UAH Estimated Costs: The Full Cost Information Summary is provided in order to facilitate 

the allocation of funds to UAH. 
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14. Facilities and Equipment 
UAH research team members are collocated at the NASA Short-term Prediction Research and 
Transition (SPoRT) Center, within the Marshall Space Flight Center (MSFC). SPoRT has 
transitioned unique satellite observations and research capabilities to operational stakeholders 
to improve short-forecasting and decision support for the past couple of decades. SPoRT proven 
R2O / O2R paradigm introduces experimental satellite products to the operational environment 
by actively involving end users throughout the product development stages, with the overarching 
goal of providing sustainable value-added products in decision support systems. The SPoRT 
Center was identified as a key partner early on in the TEMPO mission when the first TEMPO 
Applications Workshop was held in collaboration with SPoRT at the University of Alabama in 
Huntsville in 2016. SPoRT maintains a Linux cluster, consisting of 26 nodes with a total of 728 
cores and 220 TB of space overall, for maintaining an archive of the Earth science data products 
used in the proposed study. Post-processed data products and imagery will be stored on the Linux 
cluster in addition to the AWS workstation. WESTAR-WRAP data warehouses will also be utilized 
for staging products and information to end users. 



27  

15. Curriculum Vitae  
Aaron R. Naeger, Ph.D. 

Research Scientist 
Deputy Program Applications (DPA) Lead for NASA TEMPO Mission 

University of Alabama in Huntsville, Earth System Science Center, Huntsville, AL 
Email: aaron.naeger@nasa.gov; Phone: (256) 961-7931 

(A) Professional Preparation 
2013 – Ph.D Atmospheric Science, University of Alabama in Huntsville 
2010 - M. S. Atmospheric Science, University of Alabama in Huntsville 
2007 - B. S. Atmospheric Science, University of Missouri-Columbia 
(B) Appointments 
University of Alabama in Huntsville Huntsville, AL 
Research Scientist 2016-Present 

• Manage Early Adopters Program for the NASA TEMPO Mission 
• Principal Investigator of multiple projects, mentor graduate students 
• Lead air quality scientist with the NASA Short-term Prediction Research and 

Transition (SPoRT) Center 
• Member of Applications Impact Team (AIT) for the Aerosol and Cloud, Convection 

and Precipitation (ACCP) study 
University of Alabama in Huntsville Huntsville, AL 
Research Associate  2013-2016 

• Develop multi-sensor aerosol retrieval algorithms utilizing geostationary and polar- 
orbiting platforms 

• Investigate the impact of transported aerosols on precipitation impacting the United 
States using WRF with Chemistry (WRF-Chem) simulations and field data 

• Conduct intensive validation of bulk microphysical parameterization schemes in the 
WRF model system using Precipitation Measurement Mission (PMM) field data 

University of Alabama in Huntsville Huntsville, AL 
Graduate Research Assistant  2007-2013 

• Develop innovative satellite aerosol and cloud retrieval algorithms 
• Acquire skills in WRF-Chem modeling and assimilation of satellite aerosol retrievals 

(C) Selected Publications 
Naeger, A.R., and Coauthors (2021). A Workshop on the Revolutionary Air-Pollution 

Applications from Future Tropospheric Emissions: Monitoring of Pollution (TEMPO) 
Observations. Submitted to Bull. Amer. Meteor. Soc. 

Schultz, C. J., V. P. Andrews, K. D. Genareau, and A. R. Naeger (2020), Observations of 
lightning in relation to transitions in volcanic activity during the 3 June 2018 
Fuego Eruption, Sci Rep, 10, 18015, https://doi.org/10.1038/s41598-020-74576-x 

Naeger, A.R., and Murphy, K. (2020). Impact of COVID-19 Containment Measures on Air 
Pollution in California. Aerosol Air Qual. Res. https://doi.org/10.4209/aaqr.2020.05.0227 

Naeger, A. R., B. A. Colle, N. Zhou, and A. Molthan (2020), Evaluating Warm and Cold 
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Rain Processes in Cloud Microphysical Schemes Using OLYMPEX Field Measurements, 
Mon. Wea. Rev., 148, 2163-2190, https://doi.org/10.1175/MWR-D-19-0092.1. 

Chance, K., X. Liu, C. Chan Miller, A. Naeger, and Coauthors (2019), TEMPO Green Paper: 
Chemistry, physics, and meteorology experiments with the Tropospheric Emissions: 
monitoring of pollution instrument, Proc. SPIE, 11151, Sensors, Systems, and Next- 
Generation Satellites XXIII, 111510, https://doi.org/10.1117/12.2534883. 

Naeger, A. R. (2018), Impact of dust aerosols on precipitation associated with atmospheric 
rivers using WRF-Chem simulations, Results in Physics, 10, 217-221, 
https://doi.org/10.1016/j.rinp.2018.05.027. 

Naeger, A. R., B. A. Colle, and A. Molthan (2017), Evaluation of Cloud Microphysical Schemes 
for a Warm Frontal Snowband During the GPM Cold Season Precipitation Experiment 
(GCPEx), Mon. Weather Rev., https://doi.org/10.1175/MWR-D-17-0081.1 

Colle, B. A., A. R. Naeger, A. Molthan (2017), Structure and Evolution of a Warm Frontal 
Precipitation Band During the GPM Cold Season Precipitation Experiment (GCPEx), Mon. 
Wea. Rev., http://dx.doi.org/10.1175/MWR-D-16-0072.1. 

Naeger, A. R., P. Gupta, B. T. Zavodsky, and K. McGrath (2016), Monitoring and tracking the 
trans-Pacific transport of aerosols using multi-satellite aerosol optical depth composites, 
Atmos. Meas. Tech., 9, 2463-2482, doi:10.5194/amt-9-2463-2016. 

Naeger, A. R. and Christopher, S. A. (2014), The identification and tracking of volcanic ash 
using the Meteosat Second Generation (MSG) Spinning Enhanced Visible and Infrared 
Imager (SEVIRI), Atmos. Meas. Tech., 7, 581-597, doi:10.5194/amt-7-581-2014. 

Naeger, A. R., S. A. Christopher, and B. T. Johnson (2013), Multiplatform analysis of the radiative 
effects and heating rates for an intense dust storm on 21 June 2007, J. Geophys. Res., 118, 
9316–9329, doi:10.1002/jgrd.50713. 

(D) Technical Reports 
Naeger, A. R. (2020), MAIA-TEMPO Joint Early Adopters Workshop: Meeting Summary, 2020 

MAIA-TEMPO Early Adopters Virtual Workshop, 18-19 May 2020. 
Naeger, A. R. (2019), TEMPO Early Adopters Workshop: Meeting Summary, 2018 TEMPO 

Early Adopters Workshop, Fort Collins, CO, 10-11 April 2018. 
Naeger, A. R. (2018), Using Multi-Sensor Aerosol Optical Depth Retrievals to Improve Infrared 

Radiance Assimilation, Joint Center for Satellite Data Assimilation Quarterly report, 
Winter 2018. 

(E) Synergistic Activities 
Adjunct Faculty member at University of Alabama in Huntsville 
Recent Grant Activities 

• PI on NASA ROSES grant, Evaluating the impact of natural and anthropogenic factors on 
agricultural soil NOx emissions and air quality conditions using satellite and ground-based 
measurements 

• PI on NASA ROSES grant, Advancing Air Quality Monitoring and Prediction Capabilities in 
the Hindu-Kush Himalayan Region 

https://doi.org/10.1175/MWR-D-19-0092.1
https://doi.org/10.1175/MWR-D-17-0081.1
http://dx.doi.org/10.1175/MWR-D-16-0072.1
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Charles Thomas (Tom) Moore, Jr. 
Western States Air Resources Council – Western Regional Air Partnership 

c/o Cooperative Institute for Research in the Atmosphere 
1375 Campus Delivery, Colorado State University 

Fort Collins, CO 80523-1375 
Office 970.491.8837 | Mobile 970.988.4055 

E-Mail: tmoore@westar.org 
 

Background and Experience 

Tom works for the Western States Air Resources (WESTAR) Council as manager of the Western 
Regional Air Partnership (WRAP) air quality program, a voluntary partnership of states, tribes, federal 
land managers, local air agencies and the U.S. EPA, whose purpose is to understand current and evolving 
regional air quality issues in the context of the Clean Air Act (CAA) and the National Environmental 
Policy Act (NEPA). His regional analysis and planning support work is conducted through management 
of a series of interrelated WESTAR-WRAP workgroups directing contractor-supported regional projects 
for the WESTAR-WRAP membership. These diverse and complex projects cover ambient monitoring 
data analysis, emissions inventory preparation and analysis, regional photochemical grid modeling and 
source apportionment results, and satellite air quality data; in support of the needs of WESTAR-WRAP 
members’ air quality management programs across the West. A principal emphasis of his work from 
2002 to the present is support of Regional Haze planning for the more 100 Class I areas in the WESTAR- 
WRAP region. Key western U.S. air quality expertise includes extensive work with the activity and 
emissions estimation techniques for electrical generating units, wildland and agricultural fire emissions, 
and oil & gas exploration and production emissions. The regional analyses’ results address planning 
requirements related to Regional Haze sources and tracking visibility improvement, as well as related 
similar issues for the Ozone National Ambient Air Quality Standards at various sources and scales. 

He has a B.S. in Physical Geography from Arizona State University in Tempe, with an emphasis on 
meteorological and glacier field studies, and climate data analysis projects, as well as additional graduate 
coursework related to air pollution and climate. He has led numerous air pollution monitoring studies and 
analysis projects, held management positions in state and local government, and worked as an 
environmental consultant. Before joining the WESTAR staff in 2013, he worked for the Western 
Governors’ Association from 2002-13 coordinating and managing WRAP activities. From 1990 to 2001, 
he designed and managed air quality monitoring and data analysis activities for the Arizona Department 
of Environmental Quality, where he led the development and implementation of the haze monitoring 
networks in both urban and remote areas throughout the state. 

Service and Selected Publications – most recent 3 years 

• Member, State of Colorado Air Quality Enterprise Board, Term May 2021 through December 
2023, Executive Order A 2021 054, Governor Jared Polis, May 7, 2021 

• Member of IMPROVE Steering Committee, 2021 – present. 
• Coordination of Regional Haze Planning Round 2 effort by WESTAR-WRAP, 2017 to present. 
• Contributing Author, Wildfire and prescribed burning impacts on air quality in the United States; 

Altshuler, S.A., et. al.; Journal of the Air & Waste Management Association - 2020 Critical 
Review Discussion, Pages: 1-10 | DOI: 10.1080/10962247.2020.1813217. 

• Contributing Author, Biomass burning organic aerosol from prescribed burning and other activities 
in the United States; Theodoritsi, G.N., et. al., Atmospheric Environment 241 (June 2020) 117753. 

• Western States' Progress toward Submittal of Second Planning Period Regional Haze SIPs, 
Environmental Manager magazine, Air & Waste Management Association, October 2019, Uhl, 
M.A. and Moore, C.T. 

• Western Ozone NAAQS Implementation Issues: Addressing Background and Transport; Uhl, 
M.A, and Moore, C.T., AWMA Environmental Manager, September 2018 

mailto:tmoore@westar.org
https://www.wrapair2.org/RHPWG.aspx
https://www.wrapair2.org/pdf/uhl2019.pdf
https://www.wrapair2.org/pdf/moore.pdf
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Kevin Fuell 
University of Alabama in Huntsville, SPoRT, 320 Sparkman Dr. Huntsville, AL 35805 
email: kevin.fuell@nasa.gov; phone: 256-961-7529 

 

Education: 
Master of Science in Atmospheric Science (1997), Purdue University 
Bachelor of Science in Aeronautics (1994), Miami University, Dual study in Meteorology and Aircraft 
Design / Jet Propulsion, Earned Private Pilot License 

 
Relevant Experience: 
Mr. Fuell is currently working in the engagement, training, and assessment area (i.e. Transition) of SPoRT. 
A large part of Mr. Fuell's position is to interface with SPoRT partners to provide information and training 
regarding the unique data or capabilities that SPoRT is providing and linking these to their high priority 
forecast issues. Part of this role is to obtain feedback from end users for these data and capabilities in order 
to assess the value in the operational forecast environment and to make decisions regarding either needed 
improvements or a transition plan. Mr. Fuell has extensive experience working with the UCAR/COMET 
Program and worked in a variety of topic areas developing education and training for operational 
forecasters, under the direction of Dr. Greg Byrd and then Mrs. Wendy Abshire. Eventually, the marine and 
coastal meteorology topic was his main focus with a series of modules developed for the NOAA Marine 
Meteorology Professional Development Series and several training modules that included the near-shore 
environment and rip current forecasting. Work in this later area won Honorable Mention in the Science and 
Engineering Visualization Challenge from NSF and the journal Science. After 7 years at COMET Mr. Fuell 
came to NASA/SPoRT in September of 2007. Mr. Fuell has developed many of the innovative training 
concepts at SPoRT including the Quick Guides and Applications Library. He specializes in creating high, 
quality applications training with an emphasis on learning theory and instructional design. 

 
Positions: 

• Research Scientist IV (2007 - Present), NASA/Short-term Predication, Research and Transition 
Program (SPoRT), Via the University of Alabama Huntsville, Huntsville, Alabama 

• Associate Scientist II / Meteorologist (2000 - 2007), University Corporation for Atmospheric 
Research (UCAR), Cooperative Program for Operational Meteorology, Education and Training 
(COMET), Boulder, Colorado 

• Visiting Scientist / Meteorologist (1998 - 1999), NOAA National Ocean Service Coast Survey 
Development Laboratory, Via the UCAR Visiting Scientist Program, Silver Spring, Maryland 

• Graduate Teaching Assistant (1995-1997), Purdue University, West Lafayette, Indiana 
Publications: 

Lawson, M. T., K. K. Fuell, 2019: Gulf of Alaska Cyclone in Daytime Microphysics RGB Imagery. J. 
Operational Meteor., 3 (1), 1-5, doi: https://doi.org/10.15191/nwajom.2015.03## . 

 

Berndt, E. B., A. Molthan, W. W. Vaughan, and K. Fuell, 2017: Transforming satellite data into weather 
forecasts, Eos, 98, https://doi.org/10.1029/2017EO064449. Published on 05 January 2017. 

 

Fuell, K. K., B. J. Guyer, D. Kann, A. L. Molthan, and N. Elmer, 2016: Next generation satellite RGB 
dust imagery leads to operational changes at NWS Alburquerque. J. Operational Meteor., 4(6), 75-91 

LeRoy, A., K. K. Fuell, A. L. Molthan, G. J. Jedlovec, J. M. Forsythe, S. Q. Kidder, and A. S. Jones, 
2016: The operational use and assessment of a layered precipitable water product for weather forecasting. 
J. Operational Meteor., 4 (2), 22-33 

mailto:kevin.fuell@nasa.gov
https://doi.org/10.15191/nwajom.2015.03
https://doi.org/10.1029/2017EO064449
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MICHAEL J. NEWCHURCH 
Professor, Atmospheric Science Dept. Univ. of AL at Huntsville, Huntsville, AL 
Education 
Ph.D., Atmospheric Sciences, Georgia Institute of Technology, 1986 
Bachelor of Industrial Sciences, Colorado State University, 1974 
Professional Employment History 
2000 – Present, Professor, Associate Professor, Atmospheric Science Dept., U. Alabama in Huntsville 
1991 – Present, Senior Research Scientist, ESSC, U. Alabama in Huntsville 
1999 – 2002, Affiliate Scientist, ACD, National Center for Atmospheric Research 
1986 – 1993, Senior Atmospheric Scientist, Teledyne Brown Engineering, Huntsville 
Relevant Professional Awards 
William T. Pecora Award (2007) TOMS; NASA Group Achievement Awards for ATLAS-2 (1993), ATLAS-3 mission 
(1994), ICARTT (2005), TEMPO (2013); Top-10 NASA Accomplishments (2003); NASA Group Achievement Award for 
TOLNet (2019). 
RESEARCH SUMMARY 
• Atmospheric Chemistry: PI: Tropospheric Ozone Lidar Network, TOLNet. 
• Lidar: Measured ozone profiles with UV DIAL, aerosol profiles with elastic backscatter, wind and aerosol 

profiles with coherent Doppler wind and aerosol lidar in the RAPCD laboratory. Founding member and PI of 
the Tropospheric Ozone Lidar Network, TOLNet. Member of Network for Detection of Atmospheric 
Composition Change, NDACC. 

• Laser Propagation: Modeled the effects of optical systems (lasers, retroreflectors) and atmospheric properties 
(refraction, turbulence, scattering, absorption) on laser beam propagation over arbitrary slant ranges, 
especially between ground-based and satellite-based systems. 

• Satellite Remote Sensing: Retrieved and validated trace gases (ozone, NO2, halogens et al.) and aerosol 
concentrations from numerous satellite (TEMPO, OMPS, OMI, TOMS, SAGE, HALOE, AIRS, ATMOS, POAM, and 
SBUV) instruments and ground-based (Dobson, Brewer, Umkehr, ozonesonde) systems. 

• Trend Analyses: Reported the first stage of recovery of the stratospheric ozone layer and quantified the 
degree and significance of ozone recovery in the upper and lower stratosphere in mid-latitudes, high southern 
latitudes, and in the Antarctic ozone hole. 

• Trace Gas Measurements: Supervised the design and implementation of an extractive cryocooled inert 
preconcentration instrument with FTIR spectroscopy for autonomous measurements of atmospheric 
organics. 

PROFESSIONAL ACTIVITIES 

• $13.8M total research sponsored by NASA, NOAA, NSF, DOE, NRL, EPA, DOD. 
• PI: Tropospheric Ozone Lidar Network (TOLNet). NASA Group Achievement Award for TOLNet (2019). 
• Scientific Director, Huntsville Ozonesonde Station, 1999-present. 
• Science Team Memberships: TEMPO, NPP, OMI, TOMS, SAGE I/II/III, HALOE, AIRS, ATMOS, POAM, and SBUV 
• NASA Group Achievement Award for ATLAS-2 (1993), ATLAS-3 mission (1994), ICARTT (2005). 
• Advisor to 28 undergraduate students, 16 graduate students, 2 Post-docs, 4 MS degrees, and 7 PhDs. 
• Reviewer of papers submitted to the Atmospheric Environment, Journal of Geophysical Research, Geophysical 

Research Letters, Journal of Atmospheric Chemistry, Journal of Atmospheric Chemistry and Physics, and Ocean- 
Atmospheres. 

PUBLICATIONS, M.J. NEWCHURCH (Selected from over 100 available at http://nsstc.uah.edu/atmchem/) 

• Johnson, M. S., X. Liu, P. Zoogman, J. Sullivan, M. J. Newchurch,S. Kuang, T. Leblanc, T. McGee (2018), 
Evaluation of potential sources of a priori ozone profiles for TEMPO. Atmos. Meas. Tech., 11, 3457-3477, 
https://doi.org/10.5194/amt-11-3457-2018. 

• Langford, A. O., Avarez II, R. J., Brioude, J., Evan, S., Iraci, L. T., Kirgis, G., Kuang, S., Leblanc, T., Newchurch, M. 
J.,et al. (2018), Coordinated profiling of stratospheric intrusions and transported pollution by the Tropospheric 
Ozone Lidar Network (TOLNet) and NASA Alpha Jet experiment (AJAX): Observations and comparison to 
HYSPLIT, RAQMS, and FLEXPART, Atmos. Environ., Volume 174, Pages 1-14. 

http://nsstc.uah.edu/atmchem/)
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Aaron Naeger 
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Investigator: Other agencies (including NASA) to which this proposal has been/will be submitted. 

Charles (Tom) Moore N/A 
Support:   Current Pending 

Project Title: WESTAR-WRAP EPA Core Grant 
Source of Support: U.S. EPA (POC: Mary Uhl, WESTAR ) 
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