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Executive Summary 
 

Over the past four years, the Health and Air Quality Applied Sciences Team (HAQAST) has 
worked to connect NASA satellite data and products with public health experts and air quality 
managers. With 13 members, and over 70 co-investigators, HAQAST has been supported with 
NASA funding through the Applied Sciences Program. The mission and structure of HAQAST 
has yielded a wide range of tangible deliverables and social benefits for specific organizations, 
while advancing cutting-edge science published in over 220 peer-reviewed articles.  
 
From the beginning, HAQAST conceived of itself as a “front door” to connect NASA resources 
and expertise with stakeholders in the air quality and public health communities. This mission 
could only be realized by developing effective communications vehicles to meet the needs of 
various constituencies. HAQAST leadership at the University of Wisconsin--Madison led the 
organization of twice-yearly HAQAST meetings, developed HAQAST-wide communication 
activities, managed the selection process for Tiger Teams, and represented HAQAST to various 
audiences. Our twice-yearly meetings have emerged as a venue that gathers diverse experts 
together with the goal of solving new applied-research challenges. 
 
Two broad categories of work represent HAQAST applied research: investigator-led projects and 
Tiger Teams. Investigator-led projects were defined in the peer-reviewed proposals used to 
determine the HAQAST membership. Tiger Teams are sub-teams formed from among funded 
HAQAST participants, designed to tackle short-term needs from stakeholder organizations. 
HAQAST included 13 individual projects and 8 competitively selected Tiger Teams.  

 
Together, this portfolio of applied research yielded a wide range of outcomes. Seven areas were 
identified where 2016 – 2020 HAQAST efforts highlight the value of a collaborative team: 1) 
Growing the Air Quality and Public Health User Community; 2) Satellite-Derived Surface PM2.5 

for Health Applications; 3) Characterizing Global Background Ozone Affecting the U.S.; 4) 
Advancing Global Health Challenges with NASA Data; 5) Evaluating Community Scale Health 
Impacts; 6) Quantifying Uncertain Emissions Sources; and 7) Improving Tools for Real-Time and 
Retrospective Fire Analysis.  
 
Through HAQAST, we have tested a range of strategies to enhance collaboration, responsiveness, 
and engagement with new communities. These include the Tiger Team selection and funding 
process, the design of meetings, and the use of digital technology. These experiences tested new 
frameworks to promote applied science activities, and identified challenges associated with the 
unique HAQAST mission. Overall, the HAQAST enterprise has helped to move NASA satellite 
data towards the center of the national and international efforts to monitor and maintain air quality 
and public health. 
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1. HAQAST Team Overview 
 
 
Over the course of the past four years, the Health and Air Quality Applied Sciences Team 
(HAQAST) has worked to connect NASA satellite data and products with public health experts 
and air quality managers. Our team of 13 PIs and 70+ total collaborating investigators has grown 
to support and serve hundreds of stakeholders across the US and throughout the world. These 
partnerships have grown through two-way dialogue in which stakeholders share their research 
needs and priorities, and scientists share their resources, insights, and new discoveries.  
 
HAQAST is unique in its interdisciplinary, applied research focus. Our PIs come from a wide 
range of academic departments: from mechanical engineering, earth science, and public health, 
and many more. With the expertise of the wider team of investigators, HAQAST includes 
modelers, measurement experts, and data scientists with interests in epidemiology, science 
communications, agricultural emissions, and sustainable international development. This 
HAQAST community has helped to move NASA satellite data towards the center of the national 
and international efforts to monitor and maintain air quality and public health. 
 

 
Figure 1: The HAQAST Team at HAQAST6, Pasadena CA, 2019. 
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In 2015, the NASA Applied Sciences Program solicited proposals to form a three-year Health and 
Air Quality Applied Sciences Team (originally referred to as H-AQAST, henceforth HAQAST) 
through the Research Opportunities in Space and Earth Sciences (ROSES) omnibus solicitation. 
HAQAST was to “apply Earth observations to improve and develop decision-making activities 
and enable transition and adoption by public- and/or private-sector organization(s) for sustained 
use in decision making and services to end users in the areas of public health and air quality.” The 
ROSES solicitation specified that HAQAST would additionally be tasked with building bridges 
between the public health and air quality communities, while also addressing issues unique to each 
community. 
 
HAQAST was designed to build upon and extend the lessons and successes of the 2010 – 2015 
Air Quality Applied Science Team (AQAST). The 13-member HAQAST was launched in 2016 
and scheduled to conclude in the summer of 2019. Based on the successes of the team in advancing 
its mission, NASA announced in 2018 that they would extend the HAQAST mission by one year, 
to conclude in the summer of 2020. 
 
The collective, interdisciplinary power of HAQAST is a valuable asset in meeting our 
stakeholders’ “real world” information needs. HAQAST has become a hub to connect stakeholder 
information needs with a diverse range of expertise. Our twice-yearly meetings have emerged as 
a venue that gathers diverse experts together with the goal of solving a new applied-research 
challenges. The HAQAST approach to applied science has yielded a wide range of tangible 
deliverable and social benefits for specific organizations, while advancing cutting-edge science 
published in over 220 peer-reviewed articles (See Appendix D for a full list of publications as of 
late 2020).  
 
This report reviews the structure, activities, and outcome of the 2016 – 2020 HAQAST Team. 
More information on HAQAST may be found at haqast.org, including our online summary of the 
Showcase Meeting in July 2020. 

 
1.1 Team Leadership 
 
Cultivating the team structure of HAQAST has been the primary objective of the Team Leader, 
Dr. Tracey Holloway from the University of Wisconsin-Madison. The role of a Team Leader was 
defined in the original HAQAST solicitation, wherein potential members could propose a 
leadership plan in addition to the applied research of their individual project (discussed below). 
Additional funding was available to support leadership initiatives, to be used for coordination, 
promotion, reporting and outreach on team activities.  
 
Holloway developed a leadership team including HAQAST Communications Coordinator Dr. 
Daegan Miller, a HAQAST Digital Media manager, and coordination with other UW-Madison 
staff and students to support meeting planning, website development, utilization of digital 
resources, and video creation.  
 
This leadership team led the organization of twice-yearly HAQAST meetings, developed 
HAQAST-wide communication activities, managed the selection process for Tiger Teams 
(discussed below), and represented of HAQAST at various professional conferences. Dr. Miller 
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met regularly with NASA Office of Communications and monthly meetings of the Health and Air 
Quality Applied Sciences Program (HAQ). All of these activities were designed to cultivate a team 
culture, promote networking between HAQAST PIs and members of the public health and air 
quality stakeholder communities, and expanding the audience for NASA data and products. 

 
 
Figure 2: HAQAST digital communications vehicles, including the website (www.haqast.org), 
Twitter feed (@NASA_HAQAST), and newsletter. 

 
From the beginning, HAQAST conceived of itself as a “front door” connecting NASA resources 
and expertise with stakeholders in the air quality and public health communities. This mission 
could only be realized by developing effective communications vehicles to meet the needs of 
various constituencies. HAQAST communications included the design, implementation, and 
regular updating of the HAQAST website (haqast.org); production of a quarterly newsletter (600+ 
subscribers as of summer 2020); active HAQAST Twitter feed, @NASA_HAQAST; and 
supporting HAQAST PIs in the development of press releases and media outreach efforts. The 
leadership team also formed a communication nexus between stakeholders, HAQAST 
investigators, and NASA HAQ. Regular communication involved reporting back on conference 
attendees and survey responses, publications, outreach, and other issues raised by community 
members.  
 
Significant time and management were required to ensure the success of the biannual HAQAST 
conferences (HAQAST1 – HAQAST6), and two online webinar series (HAQAST2020 and the 
HAQAST Final Showcase). Planning activities were shared with local hosts for most meetings, 
but other times led by the UW-Madison team (e.g. HAQAST5 in Phoenix, selected for 

http://www.haqast.org/
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coordination with the 2019 American Meteorological Society Meeting, but with no local, 
HAQAST-funded host). Depending on the venue, the UW-Madison team designed the agenda, 
coordinated with all presenters, reserved hotels, managed a remote connection option, 
implemented post-conference surveys and analysis, and updated meeting design based on surveys. 
For HAQAST4, HAQAST5, and HAQAST6 the UW-Madison team managed a grant supplement 
to support the travel of stakeholders to attend these meetings, supporting the travel of 63 people 
and leading to a steady increase in stakeholder attendance and stakeholder presentations as 
HAQAST evolved. To quote one anonymous survey response:  
 

“Thanks for an excellent meeting again this year. Clearly a lot of time is spent in planning 
it and making sure it's useful to everyone and it's much appreciated.” 

 
All leadership activities were aimed at supporting and promoting the excellent work of 
HAQAST Members and collaborators, discussed below. 
 

 
 
Figure 3: Attendance at HAQAST meetings, including in-person and online. All in-person 
meetings included a remote access option, although the platform affected the manner in which 
attendees were counted.  HAQAST2020 and the HAQAST Showcase were conducted entirely 
online. 

 
1.2 HAQAST projects 

 
Two broad categories of work represent HAQAST applied research: investigator-led projects (IPs) 
and Tiger Teams (TTs). Investigator-led projects are those defined in the peer-reviewed proposals 
used to determine HAQAST membership. Tiger Teams are sub-teams formed from among funded 
HAQAST participants, designed to tackle short-term needs from stakeholder organizations.  

 
HAQAST includes 13 IPs, led by PIs from a wide range of institutions: 10 PIs come from academic 
institutions geographically spread throughout the US, and 3 PIs come from federal agencies. This 
geographically diverse mixture of academic and public ensured a vibrant mix of expertise that 
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could speak to air quality and public health concerns from all corners of the country. The selection 
of the members for HAQAST, and the associated investigator projects, was conducted prior to the 
formation of HAQAST through a standard NASA peer-review process.  
 
Tiger Teams are high impact, short turnaround projects of one year or less in which stakeholders, 
in collaboration with HAQAST PIs, identified pressing air quality and public health issues that 
could be addressed with additional funding. Two rounds of Tiger Team funding were available—
the first (TT1, awarded in summer 2017 and running through summer 2018), for $1.5 million, and 
the second (TT2, awarded in summer 2018 and concluding in summer 2019) for $1.6 million. With 
the extension of HAQAST for a fourth year (through summer 2020), NASA allocated additional 
funds to maximize the impact of existing teams. 

 
To select the HAQAST Tiger Teams, Dr. Holloway worked closely with NASA program managers 
to balance competition and peer-review of ideas, with incentives for collaboration and team-wide 
engagement. The process followed that which developed in the later years of the 2011 – 2016 
AQAST Tiger Team selection, wherein each of the 13 members were assumed to participate in 
Tiger Teams at an equal level of funding on competitively selected research plans. So, instead of 
competing for funds, HAQAST members competed to propose ideas that would benefit from the 
expertise of participating investigators. In practice Tiger Teams emerged through brainstorming 
during the HAQAST-only sessions of our biannual meetings, based on requests and needs 
presented by stakeholders. The brainstorming typically resulted in 20+ rough ideas for possible 
Tiger Teams, which was then narrowed down to ~10 submitted short proposals for review. The 2-
page proposals named stakeholder partners and participating HAQAST investigators. All 
proposals were reviewed by ~8 external reviewers, representing various stakeholder organizations 
in air quality and public health. Projects were ranked based on 1) usefulness to stakeholders; 2) 
addressing a high-priority information need; 3) appropriate scientific methodology; 4) 
communication plan with stakeholders; and 5) promoting wider use of NASA data and tools. The 
projects that ranked “Very Good” or higher were considered for funding by the HAQAST Leader 
and HAQ program managers, and final approval by the NASA Earth Science Steering Committee. 
After team selection, each HAQAST member submitted a budget plan to clarify how they or their 
named co-investigators would participate in one or more of the selected Tiger Teams. Each Tiger 
Team also had a budget dedicated to team-wide communications activities (including 
communication within the team, with stakeholders, and with the public).  
 
Each round of Tiger Teams selected four projects:  
 

• Demonstration of the Efficacy of Environmental Regulations in the Eastern U.S.,  
led by HAQAST Members Bryan Duncan and Jason West (2017-2018) 
https://airquality.gsfc.nasa.gov/us-air-quality-trends. (continually updated) 

 
• Supporting the Use of Satellite Data in State Implementation Plans (SIPs) 

led by HAQAST Member Arlene Fiore (2017-2018) 
https://atmoschem.ldeo.columbia.edu/haqast-tt-satellite-sips/ (archived) 
https://airquality.gsfc.nasa.gov/state-implementation-plans. (continually updated) 

 

https://airquality.gsfc.nasa.gov/us-air-quality-trends
https://atmoschem.ldeo.columbia.edu/haqast-tt-satellite-sips/
https://airquality.gsfc.nasa.gov/state-implementation-plans
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• High Resolution Particulate Matter Data for Improved Satellite-Based Assessments 
of Community Health,  
led by HAQAST Co-I Patrick Kinney (2017-2018) 
http://sites.bu.edu/haqast-highrestt/webinar/ (archived) 

 
• Improved National Emissions Inventory NOx emissions using OMI Tropospheric 

NO2 Retrievals and Potential Impacts on Air Quality Strategy Development,  
led by HAQAST Member Daniel Tong and HAQAST Co-I Brad Pierce (2017-2018) 
http://cimss.ssec.wisc.edu/education/gl/ttnox.html (archived) 
 

• Using Satellite Remote Sensing to Derive Global Climate and Air Pollution 
Indicators,  
led by HAQAST Co-I Susan Anenberg (2018-2019) 
https://haqastindicators.org (archived) 

 
• Supporting the Use of Satellite Data in Regional Haze Planning,  

led by HAQAST Member Arlene Fiore (2018-2019) 
https://atmoschem.ldeo.columbia.edu/haqast-tt-haze/ (archived) 
https://airquality.gsfc.nasa.gov/hazevisibility-planning (continually updated) 

 
• Satellite-Evaluated and Satellite-Informed Ozone Distributions for Estimating U.S. 

Background Ozone,  
led by HAQAST Member Jessica Neu (2018-2019) 

 
• Air Quality and Health Burden of 2017 California Wildfires,  

Co-led by HAQAST Members Susan O’Neill and Minghui Diao (2018-2019) 
https://sites.google.com/firenet.gov/wfaqrp-
airfire/projects/haqast/2017NorthernCAWildfiresTT?authuser=0 (continually updated) 
 

The Tiger Team process was highly effective at engaging the public health and air quality 
communities in the design of potential proposals, directly responding to requests, the review of 
proposals by stakeholders, and the implementation of applied research in collaboration with 
partners. Because air quality and public health are multidisciplinary issues, the collaborative 
design of each Tiger Team made for more responsive, comprehensive applied research. 
 
 
  

http://sites.bu.edu/haqast-highrestt/webinar/
http://cimss.ssec.wisc.edu/education/gl/ttnox.html
https://haqastindicators.org/
https://atmoschem.ldeo.columbia.edu/haqast-tt-haze/
https://airquality.gsfc.nasa.gov/hazevisibility-planning
https://sites.google.com/firenet.gov/wfaqrp-airfire/projects/haqast/2017NorthernCAWildfiresTT?authuser=0
https://sites.google.com/firenet.gov/wfaqrp-airfire/projects/haqast/2017NorthernCAWildfiresTT?authuser=0
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2. Major HAQAST Successes 
 
Drawing from the individual projects, Tiger Teams, and broader engagement of HAQAST, we 
have identified seven areas where the 2016 – 2020 HAQAST had an impact well beyond what 
could have been accomplished by a single research team. All along, the goal of HAQAST was to 
make the “whole greater than the sum of its parts.”  
 
These outcomes highlight the collaborative strength of HAQAST and served as the structure for 
the HAQAST Showcase meeting in July 2020. These successes are discussed in detail below: 
 

• Success #1: Growing the Air Quality and Public Health User Community 
• Success #2: Improving Satellite-Derived Surface PM2.5 for Health Applications 
• Success #3: Characterizing Global Background Ozone Affecting the U.S. 
• Success #4: Advancing Global Health Challenges with NASA Data 
• Success #5: Evaluating Community Scale Health Impacts 
• Success #6: Quantifying Uncertain Emissions Sources 
• Success #7: Improving Tools for Real-Time and Retrospective Fire Analysis 

 
The full work of the team includes these successes, as well as other outcomes associated with 
independent projects and Tiger Teams beyond these cross-cutting successes. 
 
Success #1: Growing the Air Quality and Public Health User Community 

 
ROSES-15 tasked HAQAST with “execut[ing] projects on specific applied topics and 
demonstrations required to advance the health and air quality management communities’ sustained 
use and application of Earth science observations and models in decision making.” To accomplish 
this task, we have grown the community of users over the past four years. 
 
Evidence of success: 
 
• Many new collaborations were established. A few examples:  

 
o HAQAST Member Yang Liu began working with the New York City Department of 

Health and Mental Hygiene to develop PM2.5 models for New York City based on 
GOES-16 satellite data (this collaboration emerged from Dr. Liu’s participation in a 
HAQAST Tiger Team).  

o Satellite retrievals of formaldehyde from the OMI instrument are being used to support 
the National Air Toxics Assessment of the EPA (Dr. Holloway).  

o HAQAST Member Bryan Duncan spearheaded a collaboration with the Bureau of 
Ocean and Energy Management (BOEM) to monitor offshore emissions of oil 
platforms in the Gulf of Mexico using NASA satellite data.  

o The Wisconsin Department of Natural Resources included trends in OMI NO2 in its 
2018 public air trends report for the first time (Dr. Holloway).  

o Training on NASA data is now required for Air Resource Advisors working on wildfire 
and smoke (Dr. O’Neill, as shown in Figure 4).  
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o Health impact assessment tools are used by the US Department of State and Climate 
and Clean Air Coalition in Nigeria, Cote d’Ivoire, Maldives, Mexico, and Bangladesh 
(Dr. Henze).  

o HAQAST Co-I Susan Anenberg and her Tiger Team worked with the Lancet 
Commission on Pollution and Health, Lancet Countdown, and Health Effects 
Institute/State of Global Air to include OMI NO2 and satellite-based PM2.5 estimates as 
global health indicators. 
 

 
Figure 4: As part of PI O’Neill’s 2018 TT on the California Wildfires, O’Neill and 
Communications Coordinator Miller created a series of training videos, highlighting NASA 
data and visualization products, that is now part of the required training for Air Resources 
Advisors working on wildfire and smoke. All videos can be found at 
https://sites.google.com/firenet.gov/wfaqrp-
airfire/projects/haqast/2017NorthernCAWildfiresTT/training 

https://sites.google.com/firenet.gov/wfaqrp-airfire/projects/haqast/2017NorthernCAWildfiresTT/training
https://sites.google.com/firenet.gov/wfaqrp-airfire/projects/haqast/2017NorthernCAWildfiresTT/training
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• Existing collaborations grew stronger. A few examples:  
 

o HAQAST Member Bryan Duncan worked with EPA to provide NO2 and SO2 from the 
OMI instrument to the EPA’s 2016, 2017, 2018, and 2019 Air Trends Report.  

o Connecticut’s Department of Energy and Environmental Protection (CTDEEP) 
included both satellite HCHO and NO2 as an indicator for ozone sensitivity to NOx vs 
VOC emissions in their ozone State Implementation Plans (Dr. Fiore).   

o HAQAST Member Daven Henze, in collaboration with co-Is Susan Anenberg and 
Patrick Kinney worked with the International Council on Clean Transportation (ICCT) 
to evaluate health and climate impacts of fugitive diesel emissions world-wide using 
satellite-based PM2.5. 

o HAQAST Members Bryan Duncan and Jason West and colleagues provided data to 
regional air quality managers in the US on how US air pollutant concentrations have 
generally improved in recent decades, and quantified the premature deaths avoided in 
the US by reductions in PM2.5 and O3 since 1990, using multiple concentration datasets 
(see Figure 5).  

 

 
Figure 5: Trends in annual US premature deaths related to PM2.5 exposure, showing a 54% 
decrease from 1990 to 2010 (black curve), during which time air quality improved 
dramatically.  Also shown are deaths if only PM2.5 had changed over this period (blue) and if 
only population and health status (baseline mortality rates) had changed (red).  Consequently, 
about 35,800 avoided deaths in 2010 are attributed to the reduction in PM2.5 since 1990 (Zhang 
et al., 2018). 

 
• Attendance grew consistently at HAQAST meetings. Our initial meeting attracted 30 people, 

whereas the final three in-person meeting averaged 121 attendees. Online attendance increased 
from 15 at HAQAST1 to 460 for HAQAST2020. One of the most frequent pieces of feedback 
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we heard was that HAQAST meetings were a place to forge new collaborative partnerships in 
applied research: one anonymous respondent to our HAQAST6 survey wrote:  
 

All talks, sessions, and workshops are directly useful and relevant for my work as an 
exposure and health scientist…. I always come out learning a lot both on the science 
side but also finding out about extremely useful data resources for my own work in 
exposure and epidemiological health studies that I go back and apply directly to what 
I'm doing. Plus, it's a great venue to connect with this great community and build 
collaborations. 

 
• The proportion of stakeholder attendees at HAQAST meetings increased. By HAQAST6, 

our attendees were almost evenly split between scientists and stakeholders from the air quality 
and public health fields, as shown in Figure 6. We evolved our format to meet stakeholder 
requests, including an interest in the addition of tutorials and workshops at our meetings. In 
response, at HAQAST6 we dedicated a half day to six, well-attended workshops (including a 
live how-to for NASA Giovanni, which was standing-room only). Of the tutorial “Data for 
Exceptional Events” led by Connecticut Department of Energy and Environmental Protection 
stakeholder Michael Geigert, one post-conference response said:   

 
This workshop was the highlight of the event for me because it pertains directly to my 
duties at a local air district. 
 

 
Figure 6: Percentage of stakeholder attendees at in-person HAQAST meetings. 
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• Webinars were highly attended. Our final regular meeting, which we called HAQAST2020, 

was held as month-long series of 14 webinars/workshops every Tuesday and Thursday from 
February 18 – March 12, 2020. The meeting hosted 460 unique attendees (for mean of 9.1 
webinars-per-attendee). 99 out of 105 (94.3%) post-conference survey respondents said 
HAQAST should continue to offer a webinar series in the future, and, with the exception of 
networking, survey respondents ranked the webinar series as comparable in value to our in-
person meetings. 
 

• HAQAST created professional credentials for stakeholders, at their request. An air quality 
manager in West Virginia requested that we offer certificates of attendance at HAQAST2020, 
noting that such certificates are important in documenting professional development. We took 
this suggestion and offered these certificates as an option for attendees. The credential proved 
popular and was well received, with 87 certificates mailed to air quality and public health 
stakeholders throughout the US (an example shown in Figure 7).  

 
 

 
Figure 7: A stakeholder requested that we provide certificates of attendance to the 
HAQAST2020 webinar participants. We mailed 87 of these certificates. 
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Success #2: Improving Satellite-Derived Surface PM2.5 for Health Applications 

 
Through discussions with health stakeholders early in HAQAST, PM2.5 was identified as the 
most pressing concern due to its leading role in mortality and morbidity around the world. 
Through our collaborative problems solving, HAQAST was able to make significant progress in 
developing and applying satellite derived data for public health.  
 
Evidence of success: 
 
• The number of health organizations engaged with HAQAST grew 

Over the course of the past four years, we have seen a growth in the number of health 
organizations sending representatives to HAQAST meetings. These stakeholder organizations 
include the Louisiana Department of Health, Utah Moms for Clean Air, Colorado Department 
of Public Health and Environment, California Department of Public Health, the Health Effects 
Institute, the Institute for Health Metrics and Evaluation, the National Jewish Health 
organization, Arizona Department of Health Services, the National Institute of Health, the 
American Lung Association, Lehi Moms & Allies for Clean Air, the Clean Air Institute, 
American Cancer Society, the Icahn School of Medicine at Mount Sinai, and others. 
 
A few examples: 

o PI O’Neill’s Tiger Team, “Air Quality and Health Burden of 2017 California 
Wildfires” engaged more than 75 individuals at over 30 different stakeholder agencies, 
including the California Department of Public Health, American Cancer Society, and 
California Office of Environmental Health Hazard Assessment. 

o PI Liu connected with Dr. Laticia Nogueira, senior principal scientist at the American 
Cancer Society, who is interested in studying the association between cancer-patient 
survival and satellite-based air pollution estimates. 

o Dr. Katy Walker, of the Health Effects Institute was an active member of Dr. 
Anenberg’s climate and air-pollution indicators Tiger Team and participated as a 
panelist in the HAQAST Final Showcase.  

o Various HAQAST PIs and members have been regular contributors to the American 
Thoracic Society conference. 

o Dr. Michael Brauer of the Institute for Health Metrics and Evaluation joined PI West’s 
IP, presented at both HAQAST2020 and the Final Showcase, and was a key member 
of contributor Anenberg’s 2018 TT. 
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Figure 8: PI Diao’s visualization of PM2.5 in California at the 3km scale can be found at 
http://www.met.sjsu.edu/weather/HAQAST/home.html.  

 
• State and local health agencies used high-resolution PM2.5 surface concentrations. A few 

examples: 
o PI Diao’s IP team worked with Rupa Basu and Keita Ebisu from the Office of 

Environmental Health Hazard Assessment (OEHHA) for California EPA as well as 
Sumi Hoshiko from California Department of Public Health to use PM2.5 concentrations 
calculated from combined monitor and satellite data (provided by SJSU/USRA team, 
Al-Hamdan et al. 2019) to quantify PM2.5 concentrations contributed by wildfires.  

o PI Diao’s team also created visualization maps of PM2.5 at a 3-km scale for the entire 
state of California and these maps are distributed on the SJSU HAQAST website in 
near real-time. This type of visualization tool has been used by Saffet Tanrikulu from 
BAAQMD and Cynthia Garcia from CARB to identify vulnerable communities that 
are most impacted by high PM2.5 concentrations in California, directly supporting the 
new AB617 regulation in California, as shown in Figure 8. 

o Tiger team PI and HAQAST contributor Kinney worked with health and environmental 
agencies in NYC, Boston, and the SF Bay area to incorporate satellite-based high-
resolution PM2.5 into local health and air quality decision making. 

o PIs Fiore and Liu worked with Tabassum Insaf at New York State Department of 
Health to evaluate long-term high-resolution PM2.5 exposure datasets and identify one, 
for 2002 – 2015, that is now supporting in-house epidemiological research for New 
York State. 

http://www.met.sjsu.edu/weather/HAQAST/home.html
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o PIs Diao and Liu, along with contributor Kinney worked with the California 
Department of Health to examine PM exposure as an aspect of environmental justice 
in California’s Imperial Valley. 

o PI West worked with California epidemiologists studying the effects of wildfire smoke 
on pregnant women and their babies. The epidemiologists used PM2.5 wildfire smoke 
estimates for California, and other local agencies in California used PM2.5 

concentrations from the 2017 California wildfire to calculate heath impacts. 
 
• We advanced the discussion on uses and limits of satellite-derived PM2.5. A few examples: 

o Multiple HAQAST publications on new methods for calculating surface PM2.5 and 
developing new approaches to evaluate existing methods with observations that are 
being adopted by EPA for model evaluation. 

o The use of satellite-derived PM2.5 was a frequent, lively topic of discussion at HAQAST 
meetings 

o In the fall of 2019, PI Diao led a review article published in Journal of Air & Waste 
Management Association. The review paper involves a total of 17 HAQAST members 
and collaborators, and it serves the purpose of providing a guideline for stakeholders 
in public health sectors who plan to use PM2.5 datasets for health exposure. 

 
• New estimates were provided on global health impacts from air pollution. A few examples: 

o PI Henze, along with contributors Anenberg and Kinney worked closely with the 
Stockholm Environment Institute on incorporating satellite-based PM2.5 and NASA 
model simulations used for first estimate of impacts of PM2.5 on premature births 
world-wide. 

o Contributor Anenberg, along with PI Henze and contributor Kinney, worked closely 
with the Institute for Health Metrics and Evaluation (IHME) to incorporate satellite-
based PM2.5, OMI NO2, and NASA model simulations into the first estimates of 
impacts of PM2.5, O3 and NO2 on asthma world-wide. These contributions are being 
evaluated for inclusion in the IMHE’s Global Burden of Disease 2020 report and the 
Health Effects Institute’s State of Global Air report. This collaborative team also helped 
incorporate satellite-based PM2.5 into the first-ever study of the global health impact of 
PM2.5 in hundreds of cities worldwide, as shown in Figure 9, which have been used to 
support mitigation actions led by C40 Cities. 

 
 “[I’m] really pleased to be working with HAQAST… it’s really critical to the work that 
we do to use satellite-based information and remote-sensing information.” 

- Dr. Michael Brauer, IHME affiliate  
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Figure 9: PM2.5-attributable premature deaths in 2016 in 250 cities worldwide, from Anenberg 
et al. (2019). 

 
Success #3: Improved Characterization of Global Background Ozone and Haze Affecting 
the U.S. 
 
Background ozone has emerged as a pressing concern, especially in the western US, where 
background O3 levels might be quite high due to stratospheric intrusions and 
international/intercontinental transport. A number of HAQAST PIs have worked closely with 
stakeholders throughout the US to better characterize background O3 levels, and one of the most 
focused efforts was the 2018 Tiger Team “Satellite-Evaluated and Satellite-Informed 
O3 Distributions for Estimating U.S. Background O3,” led by PI Neu. 
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Figure 10: Long-term ozone trends in % decade−1 for the period 2000–2012 derived from both 
(a) a regression of monthly zonal mean data (MZM) and (b) monthly zonal mean data corrected 
for sampling biases due to the diurnal and seasonal cycle. The diurnal correction has the greatest 
influence on the upper stratosphere, while the seasonal correction has the greatest influence at 
higher latitudes. Stippling denotes areas where the trend results are not significant at the 2σ level. 
Contour lines are plotted at 2% decade−1 intervals. Adapted from Damadeo et al. (2018). Image 
from Peter Braesicke, Jessica L. Neu, V. E. Fioletov, Sophie Godin-Beekmann, Dan Hubert, et al. 
Update on Global ozone: past, present, and Future. Scientific Assessment of Ozone Depletion: 
2018, Global Ozone Research and Monitoring Project–Report No. 58, chapter 3, World 
Meteorological Organization, 74 p., 2019, 978-1-7329317-1-8. insu-02361554  

 
 
Evidence of Success 

 
• Western US States have a clearer understanding of background contributions to regional 

ozone and haze concentrations. A few examples: 
o As part of her IP, PI Neu is providing the South Coast Air Quality Management District 

with a satellite-based assessment of how Chinese NOx emissions have modulated ozone 
abundances in the LA basin over the past decade and a half. Furthermore, the Neu IP 
will provide the Western States Air Resources Council (WESTAR) with a satellite-
based assessment of the contribution of stratosphere-troposphere exchange to ozone 
concentrations and their variations with time throughout the western-states region. 
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I…want to emphasize how beneficial I found the HAQAST process, in terms of 
interacting with the researchers. You are really studying these issues, and I look 
forward to the next generation of work products and routine data deliverables from 
these fine remote sensing platforms that are more usable by state and local EPA air 
quality agencies. 
 - Tom Moore, WESTAR/WRAP Air Quality Program Manager 
 

o PI Henze has identified and provided the Arizona Department of Environmental 
Quality with the international sources that contribute to O3 exceedances in Yuma, 
Arizona. 

o PI Fiore has provided estimates of different background ozone components to several 
air agencies and HAQAST work is featured in the most recent U.S. EPA Integrated 
Science Assessment.  

o Several HAQAST PIs contributed to a review paper on background ozone that include 
stakeholder coauthors from U.S. EPA and WESTAR/WRAP.  

o PI Fiore’s 2017 TT produced a guidance document, aimed at public air-quality 
managers, with examples for using a range of satellite products to track long-range 
pollution transport from fires. 

o PI Fiore’s group is also transferring model simulations (2004 – 2012) into a web-based 
platform housed by WESTAR/WRAP so that these can continue to be used for haze 
applications (which require consideration of long-term trends) in the future.  

 
• EPA and state and local air agencies are being provided with satellite-informed global model 

simulations, including simulations of background ozone, as boundary conditions for 
regional models. An example: 

o PI Neu will provide a host of stakeholders, including EPA and WESTAR/WRAP with 
tailored boundary conditions for improved representation of international and 
stratospheric ozone in SIP modeling using 2016 as the base year, as shown in Figure 
10.  

 
The techniques that the HAQAST researchers are developing… are going to be useful 
for our future modeling efforts. 
 -Gail Tonnesen, Environmental Protection Agency 

 
Success #4: Advancing Global Health Challenges with NASA Data 
 
One of HAQAST’s brightest points has been its global reach. From the very start many of the PIs 
were interested, and brought with them, an expertise in and experience working with global health. 
Perhaps nowhere was this more evident that in the overlap between global health and PM2.5. 
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Figure 11: Indicator map of global wildfire exposure that PIs Liu and Hess generated for the 
2019 Lancet report on Health and Climate Change. 

 
Evidence of Success 
 
• We worked with leading health organizations to devise new metrics for global health. A few 

examples: 
o Both the IHME and the Health Effects Institute (HEI) are very likely to include NO2 

and pediatric asthma incidence as a new risk-outcome pair in each organization’s 
respective Global Burden of Disease 2020 study and State of Global Air project. 
Contributor Anenberg worked closely with both organizations to bring them NASA 
satellite data and products. 

o Contributor Anenberg, along with HAQAST member Henze and collaborator Kinney, 
also worked with C40 Cities on using urban PM2.5 disease burdens as part of a tool to 
enable cities to estimate air quality and public health benefits of climate action 
planning, as well as to estimate the benefits of meeting World Health Organization Air 
Quality Guidelines across many cities. 

o Tiger team PI Anenberg, along with collaborator Kinney worked with the Lancet 
Countdown on Climate Change and Health to incorporate a new greenspace exposure 
indicator for the 2020 report. 

o PI Duncan worked with both UNICEF and the World Resources Institute to develop a 
global Health and Air Quality Index. 

 
The kinds of tools that HAQAST has been developing can provide an enhanced product 
so that we actually have better information. 

-Michael Brauer, University of British Columbia, Institute for Health Metrics and 
Evaluation 

 
• HAQAST improved estimates of fire exposure to support global health initiatives. An 

example: 
o PI’s Liu and Hess worked closely with the Lancet Countdown Project on a global 

population exposure to fires dataset. This project involved Terra and Aqua MODIS 
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active fire data and SEDAC’s GPW population data. The analysis was included in the 
report for the first time in 2019 and will be updated and included annually going 
forward. This report is widely publicized and used to drive home the importance of 
climate change impacts on health at the annual Conference of Parties (COP) of the 
United Nations Framework Convention on Climate Change (UNFCCC), as shown in 
Figure 11. 

 

Figure 12: PI Henze worked extensively with a variety of stakeholder around the world, 
including Nigeria, Cote d’ Ivoire, Maldives, Mexico, and, as shown here, Bangladesh, on using 
and incorporating air quality data into the Long range Energy Alternatives Planning System – 
Integrated Benefits Calculator (LEAP-IBC) tool. 

 
• We developed new tools and data to support decision-making. A few examples: 

o As a result of PI Henze’s collaborative work, Nigeria, Cote d’Ivoire, Maldives, 
Mexico, and Bangladesh use LEAP-IBC for CCAC National Actions Plans, an 
example of model results shown in Figure 12. 

 
Without the input from the HAQAST researchers, we would not have been able to 
provide planners with this method. 

-Elsa Lefévre, Initiative Coordinator for Climate & Clean Air Coalition, 
Supporting National Action & Planning on Short-lived climate pollutants 
(SNAP) program. 

 
o PI Henze, along with contributors Anenberg and Kinney, worked with the 

International Council on Clean Transportation to integrate PM2.5 into their 
evaluations of air quality impacts on vehicle emissions regulations. 
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o PI West worked with the IHME to create a new global ozone concentration dataset, 
which was incorporated into the IHME’s 2017 Global Burden of Disease report 
(and will be incorporated into the 2019 report, as well) to estimate global premature 
deaths from ozone exposure.  The study involved a data fusion of global ozone 
observations from the Tropospheric Ozone Assessment Report (TOAR) and 
multiple global atmospheric models, and estimates ozone concentrations at fine 
resolution (0.1°) for each year from 1990 to 2017.  These data are also made 
publicly accessible through the stateofglobalair.org website created by the Health 
Effects Institute. 

 
Success #5: Community Scale Health Impacts 

 
One of the most-frequently made comments at HAQAST meetings was that many health 
practitioners needed fine-grained data, on the community, neighborhood, or even city-block 
scale—if not finer. A number of our PIs and contributors partnered with public health 
professionals in different cities throughout the US to get them the fine-scale data they needed. 

 

 
Figure 13: Patterns of predicted PM2.5 concentration. This slide is from PI Liu’s talk in the final 
webinar presented to the stakeholder of contributor Kinney’s 2017 TT, High Resolution 
Particulate Matter Data for Improved Satellite-Based Assessments of Community Health, 
9/28/2018. The webinar is archived at: 
 https://www.youtube.com/watch?v=2q9hBjmA3Cs&feature=youtu.be 

https://www.youtube.com/watch?v=2q9hBjmA3Cs&feature=youtu.be
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Evidence of Success 
 
• We supported health and air agencies in using fused data products. A few examples: 

o Contributor Kinney worked with New York City’s Department of Health and 
Mental Hygiene and the New York Community Air Survey to combine low-cost 
sensors, satellite AOD, and land-use data, in order to enhance PM2.5 health impact 
assessments.  

o Dr. Kinney also worked with the Massachusetts Department of Environmental 
Protection collaborated to generate new data on PM2.5 and ultrafine particle 
concentrations using a novel, low-cost sensor.  

o Dr. Kinney worked with the California Department of Public Health on particle 
speciation analyses to identify impacts of wildfires and diesel emissions on air 
quality in the San Francisco Bay Area. 

o Liu and contributor Kinney worked with New York City Department of Health and 
Mental Hygiene on incorporating 100-meter PM2.5 surfaces to examine fine scale 
risk patterns, as shown in Figure 13. 

o PI Diao worked with the South Coast Air Quality Management District 
(SCAQMD) for obtaining community-scale, high-resolution surface PM2.5 

concentrations at the Imperial Valley, CA, the SJSU team collaborated with co-I 
Akula Venkatram from UC Riverside to conduct downscale modeling of PM2.5, 
where a dispersion model and community-scale PM2.5 measurements from 40 low-
cost monitors calculated 100-m resolution PM2.5 estimates for community health 
analysis. The results were shared and distributed to SCAQMD through quarterly 
Tiger Team telecons and published (Ahangar et al., 2019). 

o PI Diao also worked extensively with Jason Vargo at the California Department of 
Public Health’s Climate Change & Health Equity Program on daily high-resolution 
PM2.5 surface concentrations to analyze the statistical distributions of PM2.5 on 3-
km scale in the entire state of California over the past three years. The 3-km, daily, 
near real-time PM2.5 data are publicly available on the SJSU HAQAST website 
(http://www.met.sjsu.edu/weather/HAQAST/home.html). 
 

• States and counties benefited from improved characterization of dust and smoke. A few 
examples: 

o PI Russell provided Georgia’s Department of Natural Resources and the Georgia 
Forestry Commissioner with PM2.5 estimates from prescribed burns both to forecast 
air quality and to manage prescribed burn permits. Utilizing information from the 
Georgia Tech Hi-Res system, Georgia DNR is issuing daily forecasts of PM2.5 

levels for Atlanta and Columbus, which are often affected by prescribed fire smoke 
and Georgia FC is issuing daily burn permits in consideration of the potential fire 
impacts.  

http://www.met.sjsu.edu/weather/HAQAST/home.html)m
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o PI Diao worked with the California Department of Public Health to calculate 
windblown dust in the Imperial Valley by combining MAIAC AOD retrievals 
alongside low-cost monitors and routine state-agency ground PM measurements 
demonstrated. The results were published in Freedman et al. (2020). 

 
The questions and products that are coming out of HAQAST improve the 
relevance to policy-makers and then stimulate policy action based on the science. 
 -Jason Vargo, California Department of Public Health 

 
Success #6: Quantifying Uncertain Emissions Sources 
 
Some of the most innovative HAQAST work has involved tracking and characterizing hitherto 
poorly understood emissions sources. We have had particular success in applying research on 
ammonia, dust, NOx, and pollen. 
 

 
Figure 14: PI Zondlo has created a series of NH3 maps using IASI and CrIS that show us the 
seasonal variations in ammonia emissions. This image was Earth Observatory’s Image of the 
Day 12/10/2018, and is available at https://earthobservatory.nasa.gov/images/144351/the-
seasonal-rhythms-of-ammonia. 

https://earthobservatory.nasa.gov/images/144351/the-seasonal-rhythms-of-ammonia
https://earthobservatory.nasa.gov/images/144351/the-seasonal-rhythms-of-ammonia
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Evidence of success 
 
• We have improved ammonia emissions estimates. A few examples: 

o PI Zondlo developed a series of high-resolution, spatiotemporal NH3 maps, which 
are currently being used by NOAA to improve spatiotemporal parameterizations of 
MASAGE NH3 inventory; by EPA both to compare CMAQ-derived columns to 
satellite maps to help improve CMAQ/NEI representation and to help guide the 
placement of future Ammonia Monitoring Network sites; and the World Resources 
Institute is using Zondlo’s maps to help constrain agricultural emission inventories 
in India and their impacts on air quality, as shown in Figure 14. 

o PI Henze worked with the USDA to incorporate NH3 concentrations from CrIS to 
help interpret in situ NH3 measurements in the Snake River Valley. 

o PIs Russell and Henze used data from the Infrared Atmospheric Sounding 
Interferometer (IASI) NH3 column density measurements (IASI-NH3) to provide 
high resolution, optimized NH3 emission estimates by doing an adjoint analysis 
using CMAQ. This work is now being compared to the work of other HAQAST 
investigators. Using the updated emissions improves the model performance in 
simulating PM2.5 concentrations. The model results suggest that the estimated 
contribution of ammonium nitrate would be biased high in NEI-based assessments. 
The higher emission estimates in this study also imply a higher ecological impact 
of nitrogen deposition originating from NH3 emissions. (Chen et al., 2020.) 

 
• We have improved NOx emissions estimates. A few examples: 

o HAQAST Co-I Pierce delivered capabilities to U.S. EPA Office of Research And 
Development (ORD) to use assimilation of OMI tropospheric NO2 retrievals to 
provide off-line adjustments of CMAQ NOx emission inventories. 

o HAQAST Co-I Pierce was awarded FY18 funding from the NOAA/NESDIS  
Office of Projects, Planning and Analysis (OPPA) Technology Maturation (TMP) 
Program to demonstrate the impact of assimilation of TROPOMI NO2 on the 
National Air Quality Forecasting Capability (NAQFC) during the NASA Long 
Island Sound Tropospheric Ozone Study (LISTOS). Results were presented at the 
FY18 OPPA/TMP Annual Review. 

o HAQAST Co-I Pierce was awarded FY19 funding from OPPA to demonstrate the 
impact of assimilation of TROPOMI NO2 and CO retrievals on the NOAA Unified 
Forecasting System (UFS) chemical forecast system during the Joint 
NASA/NOAA FIREX-AQ field campaign. Results will be presented at the FY19 
OPPA/TMP Annual Review.  

o PI Henze used OMI to evaluate NOx emission trends from the US EPA and NOAA, 
and assisted the Arizona Department of Environmental Quality with O3 source 
attribution in Yuma. 

o PI Tong used satellite observations (OMI NO2), ground monitoring (AQS NOx) 
and national emission inventories to examine the impact of the 2008 Great 
Recession on air quality over large US cities. Results showed that satellite and 
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ground observations captured the gradual progression of distinct emission 
reduction before, during, and after the recession (Tong et al., 2015); 

o PI Tong developed an emission data assimilation (EDA) technique that combined 
observed NOx trends and a regional chemical transport model to quantify the impact 
of the recession on surface ozone (O3) levels over the continental United States 
(Tong et al., 2016). This NOx EDA package is currently used by NOAA and other 
stakeholders to provide rapid emission refresh to support air quality forecasts 
during the COVID-19 pandemic.  

 
• We have improved dust emissions estimates. 

o PI Tong has developed a simple indicator, dust storm frequency, to describe the 
changes in the locations and numbers of dust storms in the U.S. Long-term records 
of dust storms were reconstructed using a new dust detection algorithm trained with 
the Moderate resolution Imaging Spectroradiometer (MODIS) true color dust 
observations. It was found that the frequency of locally originated windblown dust 
storms has increased 240% in 1990-2011 in the Southwest U.S., the same region in 
which the majority of the Valley fever cases were reported (Tong et al. 2017). The 
dust data are now being used by the Centers for Disease Control and Prevention 
(CDC) and southwestern states as part of their surveillance of Valley fever. 

 
 

 
Figure 15: Dust storms (red circles) and Valley fever incidence (background color) in the United 
States (Source: Tong et al 2017).   

o PI Tong and team have developed novel emission data assimilation techniques to 
use satellite observations, including aerosol optical depth (AOD), normalized 
difference vegetation index (NDVI), and black-sky albedo, to improve windblown 
dust emissions. These data assimilation packages are shown to improve dust 
emission prediction and are being evaluated for transitioning to the National Air 
Quality Forecast Capability (NAQFC) operated by the National Weather Service.   

 
• We have improved pollen emissions estimates. 

o P.I. Hess developed pollen calendars, which are being distributed to individual 
allergy clinics and practices that lent their data to the National Allergy Bureau for 
use in HAQAST research. These clinics will display these calendars in their offices 

https://www.zotero.org/google-docs/?HCf7Wx
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and on their websites to help practitioners and patients identify the pollens that are 
prevalent in their areas and to identify relevant exposure patterns for allergy 
sufferers. 

o Maps of historical pollen counts are being prepared for distribution to researchers 
and practitioners across the contiguous United States to link with other data like 
records of visits for health care and medication use, data on phenological 
observations in plants around the country, and data on web searches for words such 
as allergy and pollen. These maps will be distributed to important stakeholder 
groups like the Council of State and Territorial Epidemiologists, the CDC National 
Center for Environmental Health, and the National Phenology Network, among 
others. 

 
• We have improved volcanic emissions estimates. 

o PIs Zondlo and Tong compared satellite SO2 emissions with surface network data 
to show how satellites present a more unified view of the 2018 Kilauea eruption 
than any combination of surface monitoring sites; used SO2 emissions with STILT 
model to develop SO2 and PM2.5 concentrations across Hawaii; found downwind 
coastal areas located in excess of 100 km from the source exceeded the SO2 
NAAQS up to 13% of the time during the eruption. 

o PI Tong and team have used the SO2 column density observed by Ozone Mapping 
and Profiling Suite (OMPS) Nadir-Mapper (NM) aboard the Suomi-NPP satellite 
and the NAQFC model with an inverse emission modeling approach to quantify the 
impacts of the 2018 Kilauea Volcano eruption on air quality over Hawaii. While 
the impacts on surface PM2.5 and NMHCs were found mostly over the southern Big 
Island, near or in close proximity to major volcanic sources, the effects on surface 
O3 and NOx were much weaker but extended to a long distance (Tang et al., 2020). 

 
• We have applied satellite HCHO to air quality model evaluation.  

o Team Lead Holloway worked with the EPA to evaluate National Air Toxics 
Assessment model simulations against OMI HCHO from both the U.S. and 
European retrievals to evaluate primary and secondary HCHO production. Model 
simulations were found to generally agree with OMI HCHO, though models tended 
to underestimate background column HCHO. Two tested model configurations 
both show the highest level of agreement in daily HCHO variability with the OMI-
QA4ECV product.  

o Team Lead Holloway also compared satellite HCHO data with ground monitoring, 
an idea first suggested by the Maricopa County Air Quality Department. This work 
found that the OMI-QA4ECV product is most appropriate for interannual trend 
analysis, as the retrieval has already been corrected for instrument drift. This work 
finds that HCHO in both surface measurements and the QA4ECV product exhibits 
5 – 20% increases from 2006 – 2015 across the U.S., except the Southeast. 
Increasing U.S. temperatures from 2006 – 2015 partially explain HCHO trends, 
especially in the satellite data. Satellite data shows more pronounced seasonality 
than do ground-based monitors, especially at higher latitudes. 



 28 

 
Success #7: Improved Tools for Real-Time and Retrospective Fire Analysis 
 
Approximately half-way through HAQAST, wildfires exploded throughout California. Smoke 
from fire—both wildfire and prescribed fire burns—has been an important facet of HAQAST work 
from the very beginning, but it took on increasing importance throughout the life of the team. 
Much of the team has been engaged, in various degrees, in tracking the air quality and health 
impacts of fire and smoke. 

 
Evidence of success: 

 
• State air agencies are using new tools to quantify fire impacts on air quality. A few 

examples: 
o PI Russell and his team have been developing a high-resolution decision-support 

system (Hi-Res) that has combined air quality modeling and satellite-derived 
observations to predict where and when prescribed fires will occur, and the 
potential air quality and health impacts of those fires.  Past Hi-Res predictions are 
achieved together with relevant prescribed fire information in the Southern 
Integrated Prescribed Fire Information System (SIPFIS). The Georgia Department 
of Natural Resources (DNR) and the Georgia Forestry Commission are using 
SIPFIS and NASA satellite products to investigate the role of fires in exceedance 
events, as shown in Figure 16. 

o PI O’Neill, leader of the 2018 TT “Air Quality and Health Burden of 2017 
California Wildfires” helped create a fire emission inventory (EI) for 2018 for the 
Bay Area Air Quality Management District. This fire EI used the GOES-16 diurnal 
profile approach for wildfires greater than 12K acres, and a new methodology 
combining MODIS and VIIRS fire detections for all other fires. 
 

 
Figure 16: Image of predicted impacts of predicted burns on PM2.5 levels  
In southern Georgia from Southern Integrated Prescribed Fire Information System (SIPFIS). 
From the webinar conducted 10/15/18 by Talat Odman, a member of PI Russell’s team, on 
using SIPFIS. Video available at 
https://www.youtube.com/watch?v=Q7XVO_8PIeg&feature=emb_logo. 

https://www.youtube.com/watch?v=Q7XVO_8PIeg&feature=emb_logo
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• Health agencies are using new data to quantify fire impacts on health. A few examples: 

o PI Russell’s team has included the ability to estimate health impacts from exposure 
to smoke in their prescribed burning forecasting and air quality impact assessment.  
These data were shared with the USFS for environmental justice analysis, 
researchers at the University of New Mexico for health economic assessments, and 
the American Cancer Society for studying lung cancer survival.  The CDC uses the 
Georgia Tech health impact forecasts for prescribed burns in their National 
Environmental Public Health Tracking Network (Hu, et al. 2019). 

 
The data sources that they [Russell’s group] have and the tools and techniques 
are really a great asset. It’s very helpful to me as a social scientist to be able to 
work with physical scientists. 
 - Cassandra Johnson Gaither, US Forest Service 

 
o PI Liu worked with Colorado’s Department of Public Health and Environment to 

provide a high-resolution wildfire smoke PM2.5 exposure dataset (2011 – 2014) for 
Colorado, and results on enhanced toxicity of wildfire smoke as compared to 
ambient PM2.5. 

o PI O’Neill provided the California Department of Health with fire PM2.5 exposure 
maps for their epidemiology studies. 

 
 

• Fire response stakeholders benefitted from rapid implementation of new satellite 
products for emissions calculation. A few examples: 

o PI O’Neill and contributor Sean Raffuse (UC-Davis) developed an approach for 
large wildfires using GOES-16 fire detections to create a diurnal profile of fire 
emissions has been tested with Air Resources Advisors deployed with wildfire 
Incident Management Teams as part of the Interagency Wildland Fire Air Quality 
Response Program. 

o PI O’Neill and contributor Raffuse developed an interactive web viewer of GOES-
16 satellite fire detections to track fire activity and calculate fire emissions in real-
time via the NASA Fire Energetics and Emissions Research Algorithm.  

o PI O’Neill’s 2018 California fire EI has also been used in smoke-apportionment 
work by the USDA Forest Service (publication in review as part of an atmosphere 
special issue from the third International Smoke Symposium). 

 
Some of the information in which Susan [O’Neill]’s bringing to light and the 
HAQAST team members, it is ground-breaking. 
 -Mark Fitch, National Park Service, National Wildfire Coordinating Group 

 
o Finally, PI O’Neill developed a statistical method based on surface observational 

data and remotely-sensed data, which is used to initialize the smoke forecast for 
“today” in the Outlook Editor tool used by Air Resource Advisors doing smoke 
forecasting, as shown in Figure 17. 
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Figure 17: As part of her 2018 TT on the 2017 California Wildfires, PI O’Neill developed a wide 
array of data visualization deliverables, including these plots of GOES-based fire detections of 
the August, 2020 California wildfires. The visualizations and data outputs are all available at 
O’Neill’s TT website, https://sites.google.com/firenet.gov/wfaqrp-
airfire/projects/haqast/2017NorthernCAWildfiresTT/data-outputs-tt. 

3. Lessons from the HAQAST Experience and Recommendations 
 

Based on its success in expanding the Earth Observations user community and advancing applied 
research in air quality and health, the HAQAST leadership team views HAQAST as a major 
success. This success emerged in large part from the lessons learned by the HAQAST predecessor 
team, AQAST (2011 – 2016). Following the example of AQAST, we conclude this report with 
lessons and recommendations from the 2016 – 2020 HAQAST experience. We hope it will 
likewise prove useful to the success of future Health and Air Quality efforts. 
 
We structure this discussion by first following-up on issues raised in the AQAST final report. Then 
we detail how they have affected the evolution of HAQAST. Finally, we conclude each section 
with the lessons that emerged from HAQAST.  
 
3.1 Comparison with AQAST 

 
Whereas AQAST was designed to focus on U.S. air quality issues, HAQAST had a broader 
mission to serve both air quality and health communities interested in air quality issues, in the U.S. 
and around the world. This broader mission supported global stakeholders (e.g. UNICEF), airborne 
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species that are not regulated by the Clean Air Act (e.g. pollen), and stakeholders who approach 
pollution from a health perspective (e.g. city and state health agencies). Whereas AQAST had 19 
members and a 5-year duration, HAQAST was slated to have 13 members and a 3-year duration. 
In 2018 NASA extended HAQAST’s grant period and budgets to 4 years based on the success of 
the team.  
 
The AQAST final report addressed a few areas where future teams could improve, including 
team size and composition, grant duration, and the prior experience of the team’s members. The 
final repost is available at 
(http://acmg.seas.harvard.edu/aqast/pdf/aqast_retrospective_text_20160216.pdf)   
 
With respect to team size, the AQAST final report noted that having 19 members was too large 
and suggested that NASA “consider smaller Applied Sciences teams in the future.” The AQAST final 
report notes that:  
 

The expertise of the 19 AQAST PIs did not fully cover the scope of the team as sought in the 
original AQAST solicitation, and there was some replication of expertise between the PIs…. 
In addition, some members had very little prior experience in either working with AQ agencies 
or working with Earth science products, and it was often a challenge for them to design 
appropriate AQAST projects at the interface. 

 
The design of HAQAST addressed these concerns in many respects. As recommended, HAQAST 
had a smaller size at 13 members. This size seemed well suited to support early collaborations 
among the team, such as brainstorming on Tiger Team ideas at our in-person team meetings. Most 
of the HAQAST members had experience working with health or air quality agencies, as well as 
working with NASA data products. As a result, the skills and experience of the members fit the 
HAQAST mission. HAQAST benefitted greatly from the fact that 7 of its 13 members had 
previously been AQAST members. These members brought with them the experience of working 
in a collaborative team and helped ensure the entire team understood the expectations in working 
with public stakeholders. 
 
Though the team was smaller, it still cast a very wide net, geographically, intellectually, and in 
terms of the stakeholders represented. Additionally, HAQAST benefitted tremendously from the 
input of co-investigators. Indeed, three of the eight TTs were led or co-led by HAQAST co-Is. 
Where AQAST included some federal employees without dedicated funding from AQAST, all 
HAQAST members received relatively equal funding for their individual projects. This decision 
in the structure of HAQAST helped build camaraderie and “buy in” to the team mission. HAQAST 
had a recognizable, collegial, and friendly esprit de corps, and this was due in part to the size and 
composition of the team.  
 
HAQAST was conceived as a 3-year program, responding to the perception that the 5-year 
AQAST was too long and lost momentum at the end of the project. Two years into HAQAST, 
however, it was clear that three years was too short. Second round Tiger Teams were just 
beginning, and publications from HAQAST work were ramping up. It was hard to envision the 
ramp-down beginning just as HAQAST was gaining momentum. In response to HAQAST 
successes, as presented to a meeting of the NASA Applied Sciences Advisory Committee and 
other groups, NASA announced that it would be extending HAQAST’s mandate and funding by 1 
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year. As a result, all 13 PIs received an extra year of funding to ensure applied research outcomes 
were achieved and communicated to stakeholders.  
 
Through the experiences of AQAST, we were also able to launch HAQAST with a set of “best 
practices” for stakeholder engagement. In particular, there was emphasis from stakeholders and 
AQAST “alumni” on HAQAST that regular communication was essential between HAQAST 
researchers and collaborating stakeholders. This communication included phone conferences, in-
person meetings, and regular email updates, as well as being available to present to audiences 
recommended by the stakeholders. These practices were successful in building HAQAST 
collaborations and outreach, and improved outcomes of the project.  
 
However, these communication activities significantly increase the time required by each 
HAQAST member and senior funded staff. Time was required to prepare communications, engage 
in communication activities, and modify applied research plans based on stakeholder input. 
Furthermore, the success of HAQAST collaborations and outreach led to new requests for 
engagement, advice, and technical support.  Nearly every HAQAST member expressed that their 
applied research required far more resources than were budgeted for HAQAST.  
 
 
Recommendation for future solicitations 
• With 13 – 15 members, the HAQAST size balanced team cohesion and coverage of expertise. 
• A 4-year team duration works well to balance relationship-building with energy and 

innovation. 
• All PIs should have equal funding from HAQAST. It works well for individual project 

budgets, as well as Tiger Team participation budgets, to be equal among team members. 
• A higher funding level should be considered to cover the required time commitment of each 

PI.  
• HAQAST members should already have demonstrated familiarity with NASA data products 

relevant for atmospheric composition (health exposure and/or air quality management), as 
well as expertise in working with stakeholders on applied research. Successful proposals 
should have specific application objectives connecting Earth Observations with stakeholder 
information needs.  

 
 
3.2 Lessons from HAQAST 

 
Through HAQAST, we have tested a range of strategies to enhance collaboration, responsiveness, 
and engagement with new communities. These include the Tiger Team selection and funding 
process, the design of meetings, and the use of digital technology. Across these HAQAST 
activities, communication emerged as a significant theme. Beyond Dr. Holloway’s role as the 
Team Leader, for which she directed communications activities, HAQAST’s communication 
staffing included senior Communications Coordinator Dr. Daegan Miller, an intern-level digital 
media expert (Caitlin Iverson 2016 – 2017; Rhianna Miles 2017 – 2018; Sara Grange 2018-2019; 
Page Bazan 2019 – 2020; Alex Pavelic 2020-2021), and additional video-editing assistance.  
 



 33 

Emphasizing communications improved the outcomes and culture of HAQAST, and directly 
responded to the comment in the AQAST Final Report recommended that “Applied Sciences 
teams should ensure proper communication of project results to their stakeholder community, 
beginning with their project partners and extending to the broader community.” 
 
The time demands associated with enhanced communication within the team, with stakeholders, 
and with the public, added to an already time-intensive set of HAQAST expectations. Most 
HAQAST investigators have expressed concerns about the time commitment. Many commented 
that they were subsidizing their HAQAST activities by leveraging other projects and/or 9-month 
faculty appointment to cover unfunded HAQAST time. Members with limited potential to leverage 
activities expressed particular frustration at the time expectations of HAQAST. The problem of 
expectations and time commitment versus funding is not easily solved. Still, it is worth noting that 
this emerged as a consistent concern from the HAQAST members.  
 
Communications were connected to the Tiger Team process in a variety of ways. Each TT proposal 
included a communications plan, which was one criterion used in the proposal review. Although 
this was only one aspect of the review, the highest ranked TT proposals consistently had the 
highest-ranked communications plans as well. Once TTs were selected, the TT leaders received 
an additional $50K grant to be used explicitly on communications, broadly defined. Unlike the last 
round of AQAST TT, the TT leaders under HAQAST did not get larger budgets for applied 
research. However, the communication supplement to the TT lead could be used to cover staff or 
PI time for communication activities (e.g. monthly telecons, preparing of deliverables, etc.). This 
funding helped ensure that team collaboration and stakeholder engagement would be supported, 
without requiring any member of the team to sacrifice funds that would otherwise go toward 
applied research. This additional funding was intended to partially address the concern about the 
large HAQAST time commitment note above, by hiring staff to support team communication and 
outreach and/or funding the additional time of HAQAST investigators to support communication. 
The additional funding helped to ensure that each TT had the resources needed to transmit final 
deliverables, typically in formats requested by the stakeholders.  
 
Communication also served as the motivating force in the design of our meetings. Meetings were 
designed to promote two-way dialogue, especially between HAQAST investigators and 
stakeholder attendees. Key features included grouping speakers in panel-format presentations 
(short, 5-minute talks followed by extended discussion time) which included a mix of HAQAST 
and NASA experts, as well as stakeholders from user communities (rather than a group of science 
talks followed by a group of stakeholder talks); working to maximize the number of stakeholder 
speakers; ensuring time and events for extended networking; and surveying attendees after each 
meeting. These measures worked well, such that HAQAST meetings grew in size and in the 
satisfaction of attendees. Feedback from surveys suggested an overwhelming positive reception of 
the HAQAST in-person and online meeting. However, some HAQAST members expressed the 
concern that by serving stakeholder audience needs, it was sometimes difficult to have discussions 
on more advanced topics. There was always the challenge in serving a diverse audience, without 
creating a superficial experience for attendees with higher levels of technical expertise.  
 
The diversity of attendees at HAQAST meetings grew through travel grants provided by NASA 
to UW-Madison to support stakeholder travel for our meetings in Madison, Phoenix, and Pasadena 
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(HAQAST4, 5, and 6). This additional funding addressed the need noted in the AQAST Final 
Report that “lack of travel resources [for stakeholders] at AQ agencies was often a limiting factor 
in their ability to attend AQAST meetings.” To incentivize applications for travel funding, we kept 
the application very short and prioritized funding applicants from new-to-HAQAST stakeholder 
organizations. When we received applications from multiple individuals within the same 
stakeholder application, we tended to award one grant to the organization which the organization 
could distribute among its employees as it saw fit. Academic researchers were rarely funded, but 
occasionally represented a stakeholder organization or priority application area.  Travel grantees 
were invited to give a talk at HAQAST, but it was not a requirement of funding.  
 
At first, UW-Madison travel staff worked with stakeholders to book and plan travel in accordance 
with Wisconsin state travel policies (as required for any grant administered by UW-Madison). This 
approach was time-consuming for the staff, and at times frustrating for the traveler, especially for 
individual requests, such as coordinating with a spouse’s travel, or staying at a specific hotel. To 
avoid these issues, travelers supported by these NASA funds were offered a fixed dollar travel 
stipend to book their own airfare and hotels. The travel voucher reduced the time required to 
manage the grant supplement, and increased traveler autonomy.  We heard regular feedback from 
stakeholders who deeply appreciated NASA’s travel stipends. Indeed, the support engendered a 
great deal of goodwill in the stakeholder community toward NASA. 
 
The in-person meetings were essential for networking within the team, and with stakeholder 
attendees. Coffee breaks, lunch, and a poster session with food and drink were all successful 
networking formats. Although the cost of coffee and other refreshments was modest, NASA funds 
could not be used to cover these expenses. A disproportionate amount of time was spent trying to 
engage sponsors or local university funds for these minor expenses. Guidance from NASA to allow 
these basic expenditures would have saved resources, as the time spent to figure out a way to pay 
for coffee cost much more than if we had been able to pay for coffee directly. (In the instances we 
were unable to provide complimentary coffee, meeting attendees often noted this as a particular 
complaint about the meeting overall).   
 
Communication also motivated our use of digital technology throughout HAQAST. All in-person 
meetings were accompanied by an option for remote streaming, and two HAQAST meetings were 
conducted exclusively online: HAQAST2020 and the HAQAST Final Showcase. For both of the 
online meetings, structure and content were designed to engage audiences and meeting goals. The 
structure of HAQAST2020 mirrored the stakeholder-requested tutorials following HAQAST6 in 
Pasadena. Each webinar emphasized skill-building and applications rather than the dissemination 
of research results, and users could select webinars of interest (each webinar participant attended 
an aver of 9 out of 14 webinars). The structure of the HAQAST Final Showcase mirrored the 
panel-format of our meetings, with 2 – 3 HAQAST speakers and 1 – 2 stakeholders discussing a 
common theme. In addition, the Final Showcase included 2 – 4 minute “trailer videos” 
summarizing the big ideas of the panel, based on pre-recorded interviews with all speakers (e.g. 
Figure 18).  
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Figure 18: As part of the HAQAST Final Showcase, we created a series of 8 shirt highlight films 
that quickly summarized some of the brightest HAQAST moments over the past 4 years, as in the 
still from this film, "Looking Back, Moving Ahead: HAQAST 2016 – 2020,” available on 
YouTube at https://www.youtube.com/watch?v=K2WWoPBca0k&feature=emb_logo. 

 
 
Our use of digital technology significantly increased the reach of HAQAST. Most of our 
experience preceded the novel coronavirus, which required a digital format for the HAQAST Final 
Showcase. To maximize the success of digital engagement, HAQAST benefited from three digital 
media interns. These interns traveled to the HAQAST meetings to manage remote access. Page 
Bazan played a critical role in two online HAQAST meetings in 2020, including setting up meeting 
websites, recording speaker presentations, providing technical support before/during/after 
meetings, and serving as emcee for both online meetings. Creating the trailer videos for the 
HAQAST Final Showcase required a very large investment of time by the entire UW-Madison 
team (and an additional video editing intern). This level of staffing is considered a minimum to 
support all-online meetings. Staffing for online streaming of in-person meetings depends on the 
set-up and technical support provided by the host institution. 
 
One challenge in online meetings is the ability to quantify attendees. Different platforms provide 
different statistics, and it can be difficult to compare an in-person attendee with an online attendee 
who logs in and out throughout a meeting. Differences in reporting by Facebook, YouTube, 

https://www.youtube.com/watch?v=K2WWoPBca0k&feature=emb_logo
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WebEx etc. create challenges in capturing meaningful measures of digital audience engagement 
reliably and consistently from one meeting to the next. 
 
Recommendation for future team implementation 
• A focus on communications is essential to connect with new user communities. These 

communication efforts require dedicated time and expertise beyond that of the HAQAST 
Members and researchers.  

• Meeting design should focus on engagement of new user communities, even if that requires 
less time for technical scientific talks. Significant time and resources are needed to create 
successful meetings, both in-person and on-line. HAQAST communications staff play an 
essential role in the organization of these meetings, and may need meeting-specific support 
to ensure time is covered.  

• Funding to support stakeholder travel is a key ingredient in connecting with new audiences. 
Fixed travel awards are easier to implement than individual travel booking.  

• NASA guidance to allow coffee and other meeting food and drink would be very helpful to 
support networking opportunities. 

• Increasing the PI budgets so that they are consistent with the increased demands placed upon 
PIs, especially in regard to communicating their research results. 

• The next iteration of HAQAST should invest in the expertise and equipment to prepare, 
capture, broadcast, record, and edit high-quality audio and visual content reliably. 

• One HAQAST idea that was often discussed, but not implemented, was the idea of engaging 
all team members in a day-long communications training. Done correctly, this could help the 
team members get to know each other, while building a shared set of skills and methods to 
support a successful team-wide communication effort.  
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4. Appendices 
 
Appendix A: Overview of HAQAST Tiger Teams 
 

Description of 2017 Tiger Teams 
 

• Demonstration of the Efficacy of Environmental Regulations in the Eastern U.S., led 
by PIs Bryan Duncan and Jason West. 

 
Partners: Mid-Atlantic Regional Air Quality Management Association, the Maryland 
Department of the Environment, the EPA, the Centers for Disease Control/National Center 
for Environmental Health, the Northeast States for Coordinated Air Use Management, and 
the Connecticut Department of Energy & Environmental Protection 
 
HAQAST Members and Collaborators: Mark Zondlo, Ted Russell, Yang Liu, Arlene Fiore, 
Lok Lamsal, Daniel Tong, and Daven Henze also contribute to this team. 
 
Description: Between 1990 and 2015, the U.S. average concentration of PM2.5 decreased 
by 37%, while O3 decreased by 22%. Many observers expect such reductions to have 
brought substantial benefits for public health in the U.S., but assessing the health benefit 
requires an understanding of where air quality has improved relative to where people live. 
This team will demonstrate the efficacy of air quality regulations by analyzing the time 
trends for levels of ozone (O3), nitrogen dioxide (NO2—an O3 precursor), particulate 
matter (PM), and PM precursors, including NO2, sulfur dioxide (SO2), and ammonia (NH3) 
in the northeastern U.S., to determine how they affect population health during the same 
period.  

 
• Supporting the Use of Satellite Data in State Implementation Plans (SIPs), led by PI 

Arlene Fiore. 
 
Partners: California’s South Coast Air Quality Management District, the Connecticut 
Department of Energy & Environmental Protection, the Mid-Atlantic Regional Air Quality 
Management Association, Northeast States for Coordinated Air Use Management, Georgia 
Environmental Protection Division, the Texas Commission on Environmental Quality, the 
Bay Area Air Quality Management District, and the EPA 
 
  
HAQAST Members and Collaborators: Bryan Duncan, Jessica Neu, Daven Henze, Talat 
Odman, Ted Russell, Patrick Kinney, Daniel Tong, Mark Zondlo, Jonathan Patz, and 
Tracey Holloway also contribute to this team 
 
Description: Under the U.S. National Ambient Air Quality Standards (NAAQS), states in 
non-attainment of criteria pollutants, such as ozone and PM2.5, must submit State 
Implementation Plans (SIPs) to demonstrate their approach to achieving NAAQS 
compliance. Satellite data may be included in SIPs as part of a weight-of-evidence 
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approach to show that a particular strategy is anticipated to succeed in attainment, or to 
show that transported pollution is confounding attainment efforts. Yet, questions often arise 
as to the accuracy of satellite data, the specific meteorological conditions and spatial or 
temporal averaging scales over which the product is most reliable, and whether a particular 
satellite product can be used for a desired application. 
 
This team will work closely with at least three air agencies that are already incorporating 
satellite data into the SIP process and identify at least three different applications of satellite 
data to be showcased in a user-friendly, technical-guidance document. Each document will 
include frequently asked questions (FAQs) and will be “beta-tested” by at least one other 
air agency. The team will disseminate these case studies widely, including via the NASA 
Air Quality from Space website, with the goal of enabling other current and future users of 
satellite data in the SIP process to learn from “early-adopter” air quality managers. 
 

• High Resolution Particulate Matter Data for Improved Satellite-Based Assessments 
of Community Health, led by HAQAST contributor Patrick Kinney. 
 
Partners: New York City Department of Health and Mental Hygiene, the California 
Department of Public Health, the City of Boston Environment Department, the South Coast 
Air Quality Management District, and the California Air Resources Board. 
 
HAQAST Members and Collaborators: Frank Freedman, Yang Liu, Matt Strickland, Daven 
Henze, Arlene Fiore, Susan Anenberg, Mohammed Al-Hamda, Akula Venkatram, Mark 
Zondlo, Susan O'Neill, and Daniel Tong are also members of this team 

 
Description: Health departments and urban planners have growing needs for high-
resolution data on urban-air-pollution concentrations to quantify existing health burdens at 
the neighborhood scale, to identify and prioritize exposure-reduction strategies for 
pollution hot spots, to track progress in achieving air-quality-related health-improvement 
goals, and to assess health co-benefits of longer-term carbon-mitigation strategies. To date, 
however, few data exist to inform these high-priority urban-health objectives. Newly 
available 1x1 km aerosol optical depth retrievals from NASA MODIS remote sensing 
provide opportunities to construct higher-resolution PM2.5 spatial fields for intra-urban 
public-health assessments. The retrievals also can serve as a launching pad for further 
downscaling using emerging low-cost sensors in conjunction with land use regression and 
dispersion models. 
 
The overall objective of this Tiger Team project is to construct gridded PM2.5 spatial fields 
on 1-km MAIAC satellite-based aerosol optical depth retrievals, and to explore methods 
by which these can be downscaled using hi-density urban networks of low-cost sensors and 
dispersion modeling. The goal is to provide new tools for assessing air-pollution-related 
health burdens and mitigation strategies in community settings. This work will be carried 
out across four communities: New York City, Boston, Los Angeles, and California's 
Imperial Valley. 
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• Improved National Emissions Inventory NOx emissions using OMI Tropospheric 
NO2 retrievals and Potential Impacts on Air Quality Strategy Development, led by PI 
Daniel Tong and contributor Brad Pierce. 
  
Partners: NOAA/Air Resources laboratory, NOAA/National Weather Service, 
EPA/Office of Air Quality Planning and Standards, the Centers for Disease Control, Lake 
Michigan Air Directors Consortium, and NOAA/Earth System Research Laboratory. 
 
HAQAST Members and Collaborators: Ted Russell, Tracey Holloway, Susan O'Neill, and 
Daven Henze are also members of this team. 

 
Description: The overall goal of this HAQAST Tiger Team effort is to improve estimates 
of National Emissions Inventory (NEI) area and point source NOx emissions using NO2 
retrievals from the NASA Ozone Monitoring Instrument (OMI) and the NASA 
Geostationary Trace gas and Aerosol Sensor Optimization (GeoTASO). 
Recent studies suggest that NOx emissions are overestimated in the NEI. These 
overestimates can affect model predictions of ozone and nitrate aerosol concentrations, 
leading to systematic biases in forecasts of surface ozone and nitrate aerosols. Improving 
constraints on anthropogenic area and non-EGU point source emissions (including wild 
and prescribed fires) within NEI can lead to improved forecasts thereby improving NWS 
air quality forecasting, EPA/CDC exposure assessments, and state SIP modeling. 
 
Description of 2018 Tiger Teams 

 
• Using Satellite Remote Sensing to Derive Global Climate and Air Pollution 

Indicators, led by contributor Susan Anenberg 
   

Partners: Lancet Commission on Pollution and Health, University College London/Lancet 
Countdown, and the Health Effects Institute/State of Global Air 
 
HAQAST Members and Collaborators: Jeremy Hess, Bryan Duncan, Arlene Fiore, Daven 
Henze, Patrick Kinney, Lok Lamsal, Yang Liu, Daniel Tong, and Jason West also 
contribute to this team 

 
Description: This project initiates a new collaboration between HAQAST members and 
LCPH, Lancet Countdown, and SoGA projects with the aim of developing satellite-derived 
air pollution and climate indicators at the global scale. Specifically, this team will use 
satellite remote sensing to: 
 
1. Transfer knowledge and global-scale datasets tracking indicators for ozone 

and NO2 concentration, PM2.5 and ozone disease burden in cities, and wildfire 
occurrence 

2. Scope the potential for using satellite remote sensing to track global airborne dust 
storms and pollen season start date and duration. The project draws from a variety of 
satellite remote sensing products. HAQAST team members will work collaboratively 
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across indicators to share information and work towards achieving consistency among 
years, metrics, and outputs. 
 

This project will provide quantitative estimates of ozone and NO2concentrations, ozone 
and PM2.5 disease burdens in megacities, and wildfire occurrence globally. This team will 
develop a methods scoping document for using satellite remote sensing to track dust storms 
and pollen season start date globally. In addition, they will also help develop a 
comprehensive set of global pollution and climate indicators for a Global Pollution 
Observatory that will collect and periodically report on pollution-related data, expected to 
be established in the near future by the LCPH. Over the long term, results may also be used 
to generate estimates of the global burden of disease from wildfires, dust, and pollen, and 
to examine historical trends as well as future climate impacts. 
 

• Supporting the Use of Satellite Data in Regional Haze Planning, led by PI Arlene Fiore 
 

Partners: U.S. EPA OAQPS, MARAMA, NESCAUM, TCEQ, ME DEP, and CT DEEP 
 
HAQAST Members and Collaborators: Bryan Duncan, Daven Henze, Patrick Kinney, 
Talat Odman, Ted Russell, Daniel Tong, Jason West and Mark Zondlo also contribute to 
this team. 
 
Description: This team proposes to work with stakeholders to address three applications of 
satellite data of direct relevance to regional haze SIPs. The team will develop technical 
guidance documents that describe their approaches to using satellite data for regional 
haze applications. They anticipate that the guidance developed under this project will also 
be relevant to health agencies seeking to assess health burdens due to natural events (e.g., 
dust, wildfires) associated with severe health effects. In addition, they’ll aid air quality 
managers in the use of satellite data in the Regional Haze SIP process, provide tangible 
examples of the value of satellite data for addressing air quality and related health 
applications, to aid stakeholders who wish to conduct their own analyses, and lower the 
barrier for new health and air quality stakeholder agencies to apply satellite data. 
 

• Satellite-Evaluated and Satellite-Informed Ozone Distributions for Estimating U.S. 
Background Ozone, led by Jessica Neu. 

   
Partners: BAAQMD, the South Coast Air Quality Management District, the California Air 
Resources Board, CT DEEP,New Hampshire Air Resources Division, New York State 
Department of Air Quality, the Texas Commission on Environmental Quality, WESTAR 
& WRAP, US EPA, and OAQPS. 
 
HAQAST Members and Collaborators: Arlene Fiore, Daven Henze, Brad Pierce, Ted 
Russell, Jason West, and Anne Thompson also contribute to this team. 
 
Description: This team will provide a coordinated set of boundary conditions for O3, 
background O3 (no U.S. anthropogenic emissions), and natural O3 (no global 
anthropogenic emissions) for 2016 from multiple global models, many of which are 
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informed by satellite data (e.g., assimilating satellite products). Their goal is to improve 
the quantification of background O3 in SIPs, a critical component of the development of 
our stakeholders’ attainment plans. This team will also establish ‘best practices’ for 
evaluating models with satellite O3 measurements, and for evaluating satellite-informed 
simulations with independent datasets such as those from surface stations and ozonesondes 
(lightweight, balloon-borne instruments that are paired with conventional meteorological 
radiosonde). 
 

• Air Quality and Health Burden of 2017 California Wildfires, led by Susan O’Neill 
 

Partners: BAAQMD, NOAA, the USFS Fire & Aviation Management Program, EPA, 
Sonoma Technology Inc., the National Park Service, Princeton University, the University 
of Washington, and the University of California, Davis. 
 
HAQAST Members and Collaborators: Daniel Tong, Talat Odman, Minghui Diao, Jason 
West, Pat Kinney, Brad Pierce, Jessica Neu, and Sim Larkin also contribute to this team. 
 
Description: On October 8-9, 2017, a series of wildfires started in the northern San 
Francisco Bay Area, spread quickly over nine counties and became major fires in the 
region. Because of the smoke and prevailing weather conditions, PM2.5 concentrations 
reached the highest levels ever recorded in the region. All 13 air monitoring stations in the 
Bay Area captured at least one exceedance of the US EPA’s 24-hr average PM2.5 standard. 
Thus, virtually all of the 7.2 million people living in the Bay Area were exposed to 
unhealthy air during the wildfire period. 
This team will assess the effects of wildfire smoke on the air quality and human health 
burden resulting from October 2017 California wildfires using a combination of satellite 
data, air quality modeling, health risk information and hospital incidence rates. They will 
prepare a detailed wildfire emissions inventory, estimate the air quality impacts of wildfire 
emissions, use satellite and ground-based observations to evaluate model results and 
iteratively refine wildfire emission estimates to improve the CMAQ model predictions, and 
utilize short-term exposure-response relationships already established between PM2.5and 
public health to assess health impacts of wildfire-induced pollutant exposure. 
 
Wildfire smoke impacts will recur in the future in California and elsewhere, and having a 
system that can accurately estimate those impacts, not only in terms of PM2.5, but in terms 
of short-term exposure-response relationships is critical to future planning of emergency 
responders to protect public health. End users such as the BAAQMD envision using this 
project information as a basis for an emergency response manual to help inform emergency 
responders regarding expected levels of ambient PM based on the nature of wildfire and 
the number of people who may need medical attention. 
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Appendix B: HAQAST Meetings  
 
HAQAST drew on AQAST’s legacy of success by scheduling biannual meetings (approximately 
every 6 months)—such a schedule balanced effective and frequent outreach again the very real 
possibility of “meeting fatigue.” The central objectives of HAQAST meetings were to engage the 
public health and air quality communities in: 

 
1. Learning about HAQAST activities and accomplishments. 
2. Building bridges between NASA, public health, and air quality stakeholders 
3. Educating HAQAST members as to the major challenges and priorities of various public 

health and air quality stakeholders.  
4. Building relationships between HAQAST members and members of the public health and 

air quality communities. 
5. Forging the bonds for new applied research projects—especially for TTs—with the input 

of the air quality and public health communities. 
 

Each HAQAST meeting was located in a different part of the US (Atlanta, Seattle, the greater 
NYC area, Madison, Phoenix, Pasadena). We chose to move the site of our meetings to: 

 
1. Maximize stakeholder diversity. Many local stakeholder agencies have limited funds for 

travel. We found that if HAQAST went to the stakeholders, rather than forcing them to 
come to us, we could bring in a greater number, and wider diversity of participating 
agencies. This was also a way to build goodwill. 

2. Respond to differing regional needs. Different geographical regions of the US have widely 
differing public health and air quality needs. Moving the location of our biannual meeting 
allowed HAQAST members to gain a greater insight into how air quality needs differ by 
region. Each meeting also took on somewhat of a different “flavor,” as the varying 
composition of the audience inevitably tilted conversation one direction or another. 

3. Capitalize on the audiences, institutional relationships, and professional networks of our 
PIs. Each HAQAST meeting was 
hosted by a PI, except for the 
meeting in Phoenix, which was 
hosted by the Maricopa County Air 
Quality Department at the Arizona 
State University Downtown 
Campus. 

 
 
 
Figure 19: HAQAST made it a priority to go to our 
stakeholders, and we held our biannual meetings all 
across the country. 

 
HAQAST leadership initially expected the hosting HAQAST PI would do the majority of the 
conference-organizing work, while the HAQAST communications team would play a supporting, 
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amplifying role. We expected that PIs would welcome the opportunity to put their own stamp on 
each HAQAST meeting. However, this proved untenable, for a number of reasons including: 

 
• The administrative load of finding hotels, negotiating rates, planning group activities, 

seeking sponsorship, scheduling, digital promotion, archiving the talks, running the 
streaming/remote connection technology, finding the materials for a poster session, and 
reporting out on the conference was far beyond the scope of our PIs due to the resources 
and person-hours required. 

• Multiple organizers made it impossible to deliver a standardized conference experience for 
our attendees. 

• Different methods for tracking attendance—both in-person and virtual—made it very 
difficult to get a precise overview of audience attendance and engagement, and hence made 
it more difficult to measure the impact of our outreach efforts. 

 
Because it quickly became clear that in-person meeting attendance was the most effective way that 
we could bring the research and applied communities together. We implemented a survey at the 
end of each meeting, with mean 28% response rate to our survey, with a high of 48% (HAQAST6) 
and low of 14% (HAQAST4). We applied the lessons learned from each previous meeting to the 
newest one in a cycle of continuous improvement. The HAQAST Communications Coordinator 
Daegan Miller played a central role in meeting planning, providing a clear point person for 
stakeholders to provide direct feedback and influence the course of future meetings. 
 

 
Figure 20: Aggregate HAQAST meeting audience satisfaction with length of talks. 

We developed an innovative in-person meeting structure, one which prioritized networking and 
actively encouraged stakeholders to share their insights and needs with the research community. 
Each conference was broken into approximately ten ~45-minute panels. Each panel featured ~4 
speakers. One speaker per panel was given a 15-minute slot, while the other three were given 5-
minute slots. This formal allocated ~75% of talks to the 5-minute format, and ~25% of talks to the 
15-minute format for HAQAST3-HAQAST6. Based on survey results, shown in Figure 20, this 
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format was well received by attendees. When asked whether meetings including “too much,” “the 
right amount” or “not enough” of various activities, the 5-minute talk format was a consistent 
success. The vast majority of respondents (100% at 5 of the 6 meetings) expressed that we had the 
right amount, or not enough, 5-minute talks. Only one respondent from one meeting expressed that 
there were too many 5-minute talks. Satisfaction with the number of longer talks was also very 
high, with 88-96% of respondents viewing the HAQAST meetings as providing the right amount 
or not enough 15-minute talks (i.e. 4-12% felt there were too many longer talks). The 5-minute 
talks were well received by attendees, and they allowed more time for Q&A and discussion after 
each panel, usually 15 minutes per panel. Networking breaks were scheduled regularly (typically 
every 90 minutes), as well as a long break for lunch (1.5 – 2 hours). A highlight of every meeting 
was an extended poster session and reception, typically two hours on the evening of the first day.  
 
Most meetings followed a two-part structure, with a public meeting followed by a HAQAST-only 
team meeting. For HAQAST3 – 5, the public meeting lasted 1.5 days followed by a .5 day 
HAQAST-only meeting. We increased the public portion of HAQST6 to two full days, to 
accommodate audience interest. 
 
One of the most frequent pieces of feedback we heard was that HAQAST meetings were a place 
to forge new collaborative partnerships in applied research. Comments from anonymous survey 
responses include:  
 

 “The combination of talks and discussion helped to get folks on the same page,”  
 
“It always feels like an extremely great use of time, every minute of every day (not always 
the case at most meetings). All talks, sessions, and workshops are directly useful and 
relevant for my work as an exposure and health scientist.”  

 
Another marker of success is the growth in meeting attendance, as shown in Figure 3, above. From 
an initial meeting which attracted 30 people, we grew in size to a final meeting of 115, averaging 
121 attendees for HAQAST3 – 6. We also saw an explosion in the number of attendees utilizing 
our option for a remote connection, from 15 at HAQAST1 to 194 at HAQAST6.  
 
Beginning with HAQAST4 (Madison, WI) NASA began offering a supplementary stipend for 
stakeholder travel. For HAQAST4, 5, and 6 we were able to bring a mean of 21 stakeholders to 
the HAQAST meeting. These stakeholders ranged from the Federal (EPA) to the tribal (Nisqually 
Nation), from the regional (WESTAR/WRAP) to the ultra-local (Utah Moms for Clean Air). We 
saw an immediate increase in the number of stakeholder attendees, as well as the 
stakeholder:researcher ratio, which, by HAQAST6, nearly reached 1:1 parity, as shown in Figure 
20. 
 
Stakeholders expressed a request for workshops in our biannual meetings, so we tried this out at 
our final in-person meeting, HAQAST6. The final half day of the meeting hosted six workshops 
(two sessions of three workshops-per-session). These workshops were extremely well attended 
(we hosted a live how-to of Giovanni, which was standing-room only), and the post-conference 
response was overwhelmingly favorable. “This workshop,” wrote one attendee of the NASA Data 
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for Exceptional Events workshop led by CTDEEP stakeholder Michael Geigert, “was the highlight 
of the event for me because it pertains directly to my duties at a local air district.” 
 

 
Figure 21: Comparison between in-person HAQAST meetings and webinars, as reported by respondents to the post-
HAQAST2020 webinars survey 

 
 
Due in part to the positive feedback we received on the HAQAST6 workshops, and in part on the 
growth in our online meeting attendance, we decided that our final regular meeting, which we 
called HAQAST2020, would be a month-long series of 14 webinars/workshops every Tuesday 
and Thursday from February 18 – March 12, 2020. All 14 webinars were designed either as hands-
on workshops (as in the case of “Visualizing Air Quality: How to Use NASA’s Giovanni to Plot 
Satellite Tropospheric NO2 Columns,” given by Lamont-Doherty Earth Observatory’s Xiaomeng 
Jin, a member of PI Arlene Fiore’s team) or interactive panel discussions (as in the case of PI 
Daven Henze’s “Tracking PM2.5: How Models and Remote Sensing can be Used to Estimate 
Global Health Impacts of Ambient Fine Particulate Matter”). Of particular note is the webinar we 
co-hosted on 2/24/2020 with the American Lung Association, titled “Tracking Pollution to 
Help You Breathe: Data and Best Practices for Tracing the Health Impacts of Smoke for the Public 
Health Community.” 
 
The webinar series was a great success: we logged 4048 registrations by 460 unique attendees (for 
mean of 9.1 webinars-per-attendee). Attendees tuned in from across the US, from Alaska to New 
York, and throughout the world: India, Vietnam, China, England, Turkey, and many other 
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countries were represented by our attendees. 99 out of 105 (94.3%) post-conference survey 
respondents said HAQAST should continue to offer a webinar series in the future, and, with the 
exception of networking, survey respondents ranked the webinar series as comparable in value to 
our in-person meetings for all outcome except networking, as shown in Figure 21. 
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Appendix C: Digital Communication Platforms  
 

 

 

Figure 22: HAQAST has created a series of webpages that document exactly how to get started with NASA data, download it, 
and begin using various NASA visualization products. We’ve also developed text and video tutorials for both World View and 
Giovanni. 

 
Team Website (www.haqast.org) 
The HAQAST communication team’s first task was to design a robust, intuitive, and professional-
looking website as a way to broadcast, archive, and amplify the team’s efforts. We decided to host 
haqast.org on the University of Wisconsin-Madison’s servers, rather than a commercial platform 
like Squarespace or Wix, so that the website would remain live in perpetuity. The communications 
team has continually streamlined, improved, and adapted haqast.org to the needs of the air quality 
and public health communities. The site has seven main nodes: 

• A general “About” section, for the new-to-HAQAST casual audience. This includes 
members of the media, school teachers, etc. 

• A “People” section, which is further broken down into “HAQAST Members,” which 
gathers detailed descriptions of each HAQAST member’s research interest (including links 
to papers, presentations, Tiger Team Involvements, and contact information); “HAQAST 
Contributors,” a list of the members’ main colleagues; “HAQAST Leadership Team,” 
which gives an overview of team structure and contact information; and “Stakeholder 
Partners,” which lists stakeholders that contribute to each PIs core project. 

http://www.haqast.org/
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• A “Projects” section, which is composed of separate pages for the Tiger Teams and a 
continually updated list of publications, sorted by year. 

• A “News” section, which includes separate pages for “Recent News” (media appearances”, 
“HAQAST Flash” (very short, 100-word updates that don’t quite rise to the importance of 
a major news item), “Newsletters,” (where we archive each newsletter), and “Twitter,” 
(which posts the team’s Twitter feed). 

• “Tools and Resources.” Two of the pages in this group, “Getting Started” and “Data and 
Tools,” were major, year-long communications projects that were developed in 
conjunction with NASA ARSET and which have proven to be one of the most popular 
features of the website, with over 6,570 visits since the website was launched. “Tools and 
Resources” includes: 

o “Getting Started,” a detailed, yet accessible description of the both the possibilities 
and limits of satellite data for air quality and public health. 

o “Data and Tools,” which is itself composed of sections including: 
 “NASA Health and Air Quality Tools,” which gathered 11 of the 

most popular online tools for displaying and working with NASA 
satellite data, ranked according to flexibility.  

 “Download Data,” a step-by-step online guide that walks the 
audiences through the various ways to download NASA satellite 
data. 

 “Tutorials”, which includes both text and video tutorials for 
Worldview and Giovanni, as well as a series of videos that the 
Communications Coordinator, Dr. Miller, made for PI O’Neill’s 
California Wildfires TT 

o “Education,” which gathered NASA air quality and public health resources suitable 
for a wide range of educators, from the elementary level to the undergraduate. 

o “NASA ARSET Training,” which described, and linked to, ARSET. 
o “AQAST 2011 – 2016,” which linked to the archived AQAST resources. 
o “Links to Health and Air Quality Community,” which provide links of general 

interest. 
o “Glossary,” intended to orient the newest users to the basic vocabulary found when 

working with satellite data. 
• “Meetings” which includes two separate pages 

o “Current meeting,” which includes all the details (lodging and dining information, 
maps, the agenda, remote connect information) for whatever meeting is about to 
happen. 

o “Past Meetings,” which has a separate page for each HAQAST meeting, in which 
every talk, poster, and workshop is archived as a .pdf.  

• “Contact,” which has links to our newsletter, Twitter page, Members page, and the contact 
information of the outreach and communications manager. 

 
NASA Air Quality Website (https://airquality.gsfc.nasa.gov) 
Funding by AQAST and HAQAST, PI Bryan Duncan created a NASA hosted website entitled, 
“Air Quality, Observations from Space.” As linked in the report, this site has become a major 
repository for resources developed through HAQAST. The site has six main nodes: 
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• A general “Home” section, highlighting air quality issues of interest to the public and 
professionals. The content on the home section changes to reflect new material and 
newsworthy resources (e.g. “NASA Air Quality Analysis of the COVID-19 Pandemic”). 

• A “Pollutants” section, which is further broken down into “Nitrogen Dioxide,” “Ozone,” 
and “Particulate Matter.” By focusing on the atmospheric pollutants with the most direct 
relevance to air quality and public health, the website helps users understand the current 
capabilities of satellite data. 

• A “Impacts” section, which is composed of separate pages for Health and Food Security. 
Each of these two areas includes examples and references, with a detailed timeline 
discussing the relevance of satellite data for public health.  

• A “News” section, which provides a summary of recently developed resources and 
publications, accompanied by an image of the satellite data used for the application. 

• The “Resources,” section, which includes: 
o “Webtools and Data,” a brief description of satellite data for air quality  
o “Factsheets,” including key data and infographics on food security and public 

health using satellite data 
o “AQ websites,” which includes a list of relevant websites from related 

organizations. 
o “Outreach,” linking to videos and outreach material. 
o “References,” with lists of publications useful to the target audience (e.g. review 

articles, articles on COVID-related economic changes observed from space). 
• “Managers” which serves as an archive of material developed through HAQAST Tiger 

Team activities engaging air quality managers. For example, “Easy-to-follow technical 
guidance documents to support state and local air quality agencies that want to bring the 
power of NASA’s satellites to bear on the documentation of exceptional events,” developed 
through Arlene Fiore’s Tiger Team on the potential to use satellite data for State 
Implementation Plans.  

 
Newsletters 
Following on the successful example of AQAST, we released a newsletter approximately each 
quarter. We initially debated whether to have a monthly, or even twice-monthly newsletter, 
but were concerned about watering down the newsletter’s impact. We wanted to newsletter to 
gain a reputation for being informative and value-packed, rather than “fluffy” and superficial. 
Quarterly was the right interval to allow for PI publication, media appearance, and promotion 
of HAQAST meetings. At the time of this writing, we have 600+ subscribers to our newsletter, 
and each newsletter is archived on www.haqast.org. 

 
Twitter (@NASA_HAQAST) 
HAQAST adopted the AQAST Twitter handle, which has grown 40% from 3,000 to 4,195 
followers (as of 8/2020) over the course of HAQAST’s run. We’ve found that journals, 
academics, air quality and public health professionals, and government agencies are all 
increasingly online, and though Twitter can’t replace our other outreach vehicles, it is a 
valuable addition which acts as an accelerant, diving more traffic to our website. It has also 
long been one of the ways that science journalists learn about and share breaking news. Due to 
its brief, ephemeral nature (posts can only be 250 characters, and are only effectively “live” 
for a few hours), it is ideal for quickly featuring HAQAST work, and for quickly building 

http://www.haqast.org/
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community. We considered joining other social media platforms (Facebook, Instagram, etc.), 
but none of them seemed to quite fit the HAQAST community’s needs (Facebook has turned 
into a platform more for long-form opining—we have a newsletter and journal articles for the 
long form, and opining isn’t part of our mission; Instagram prizes flashy photos and is targeted 
more at a 20-something audience (or younger)). 
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Appendix D: HAQAST Publications 
 
In accordance with the NASA HAQ program manager, we define a HAQAST publication as a 
peer-reviewed paper, that appears in a recognized academic or professional journal or book, and 
that meets one of the following criteria: 

• The publication acknowledges HAQAST funding. 
• A paper in which a HAQAST PI or team member uses satellite data and which the author 

identifies as benefitting from or contributing to HAQAST applied research. 
• A paper resulting from a HAQAST collaboration and which the author identifies as 

benefitting from or contributing to HAQAST applied research. 
 
What follows is a chronological list of HAQAST publications. 
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vol. 44, no. 2, pp. 629–659, 2016, doi: 10.1214/15-AOS1380. 

C. E. Ivey, H. A. Holmes, Y. Hu, J. A. Mulholland, and A. G. Russell, “A method for 
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matter,” Frontiers of Environmental Science and Engineering, vol. 10, no. 5, pp. 1–12, 
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S. Li et al., “Estimation of GEOS-Chem and GOCART simulated aerosol profiles using 
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S. Li et al., “Inter-comparison of model-simulated and satellite-retrieved componential aerosol 
optical depths in China,” Atmospheric Environment, vol. 141, pp. 320–332, 2016, doi: 
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Environmental Science and Technology, vol. 50, no. 21, pp. 11965–11973, 2016, doi: 
10.1021/acs.est.6b02252. 
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Environment, vol. 140, pp. 529–538, 2016, doi: 10.1016/j.atmosenv.2016.06.014. 

M. Shao, S. Wang, and A. G. Russell, “Air pollution complex: Understanding the sources, 
formation processes and health effects,” Frontiers of Environmental Science and 
Engineering, vol. 10, no. 5, pp. 11783–11783, 2016, doi: 10.1007/s11783-016-0883-5. 

G. Shi et al., “Quantification of long-term primary and secondary source contributions to 
carbonaceous aerosols,” Environmental Pollution, vol. 219, pp. 897–905, 2016, doi: 
10.1016/j.envpol.2016.09.009. 
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D. Tong et al., “Impact of the 2008 Global Recession on air quality over the United States: 
Implications for surface ozone levels from changes in NOx emissions,” Geophysical 
Research Letters, vol. 43, no. 17, pp. 9280–9288, 2016, doi: 10.1002/2016GL069885. 
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between Air Pollution and Health,” Environmental Science and Technology, vol. 50, no. 
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10.1016/j.atmosenv.2016.10.015. 

D. Abel et al., “Response of Power Plant Emissions to Ambient Temperature in the Eastern 
United States,” Environmental Science and Technology, vol. 51, no. 10, pp. 5838–5846, 
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perspectives, vol. 125, no. 12, pp. 129001–129001, 2017, doi: 10.1289/EHP3048. 
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S. Balachandran, K. Baumann, J. E. Pachon, J. A. Mulholland, and A. G. Russell, “Evaluation of 
fire weather forecasts using PM2.5 sensitivity analysis,” Atmospheric Environment, vol. 
148, pp. 128–138, 2017, doi: 10.1016/j.atmosenv.2016.09.010. 

J. H. Belle, H. H. Chang, Y. Wang, X. Hu, A. Lyapustin, and Y. Liu, “The potential impact of 
satellite-retrieved cloud parameters on ground-level PM2.5 mass and composition,” 
International Journal of Environmental Research and Public Health, vol. 14, no. 10, 
2017, doi: 10.3390/ijerph14101244. 

C. D. Bray et al., “Evaluating ammonia (NH3) predictions in the NOAA National Air Quality 
Forecast Capability (NAQFC) using in-situ aircraft and satellite measurements from the 
CalNex2010 campaign,” Atmospheric Environment, vol. 163, pp. 65–76, 2017, doi: 
10.1016/j.atmosenv.2017.05.032. 

K. E. Cady-Pereira et al., “Seasonal and spatial changes in trace gases over megacities from 
Aura TES observations: Two case studies,” Atmospheric Chemistry and Physics, vol. 17, 
no. 15, pp. 9379–9398, 2017, doi: 10.5194/acp-17-9379-2017. 

T. Chai, H. C. Kim, L. Pan, P. Lee, and D. Tong, “Impact of moderate resolution imaging 
spectroradiometer aerosol optical depth and airnow PM2.5 assimilation on community 



 53 

multi-scale air quality aerosol predictions over the contiguous United States,” Journal of 
Geophysical Research, vol. 122, no. 10, pp. 5399–5415, 2017, doi: 
10.1002/2016JD026295. 

Z. Darynova, M. Torkmahalleh, L. Kulmukanova, A. Maksot, and T. Holloway, “Analyzing 
NO2 concentration variations from 2005 to 2016 over the atmosphere of Kazakhstan 
using Satellite data,” International Society of Exposure Science (ISES), 2017, [Online]. 
Available: 
https://www.intlexposurescience.org/ISES2017/Schedule/Online_Program/ISES2017/Sch
edule/Online_Program.aspx?hkey=1881d027-36ce-4173-bd75-b230a6284853. 

F. R. Freedman, M. Al-Hamdan, A. Venkatram, S. Amini, and S. Chiao, “A Satellite-Dispersion 
Modeling System to Generate High-Resolution Downscaled PM2.5 Fields,” in Presented 
at the 16th Annual CMAS Conference, Chapel Hill, NC, October 23-25, 2017, 2017, pp. 
1–6. 

M. D. Friberg et al., “Daily ambient air pollution metrics for five cities: Evaluation of data-
fusion-based estimates and uncertainties,” Atmospheric Environment, vol. 158, no. 2, pp. 
36–50, 2017, doi: 10.1016/j.atmosenv.2017.03.022. 

M. S. Girguis et al., “Chronic PM2.5 exposure and risk of infant bronchiolitis and otitis media 
clinical encounters,” International Journal of Hygiene and Environmental Health, vol. 
220, no. 6, pp. 1055–1063, 2017, doi: 10.1016/j.ijheh.2017.06.007. 

L. R. F. Henneman, C. Liu, J. A. Mulholland, and A. G. Russell, “Evaluating the effectiveness of 
air quality regulations: A review of accountability studies and frameworks,” Journal of 
the Air and Waste Management Association, vol. 67, no. 2, pp. 144–172, 2017, doi: 
10.1080/10962247.2016.1242518. 

L. R. F. Henneman, H. Shen, C. Liu, Y. Hu, J. A. Mulholland, and A. G. Russell, “Responses in 
Ozone and Its Production Efficiency Attributable to Recent and Future Emissions 
Changes in the Eastern United States,” Environmental Science and Technology, vol. 51, 
no. 23, pp. 13797–13805, 2017, doi: 10.1021/acs.est.7b04109. 

L. R. Henneman, H. H. Chang, K. J. Liao, D. Lavoué, J. A Mulholland, and A. G. Russell, 
“Accountability assessment of regulatory impacts on ozone and PM2.5 concentrations 
using statistical and deterministic pollutant sensitivities,” Air Quality, Atmosphere and 
Health, vol. 10, no. 6, pp. 695–711, 2017, doi: 10.1007/s11869-017-0463-2. 

X. Hu et al., “Estimating PM2.5 Concentrations in the Conterminous United States Using the 
Random Forest Approach,” Environmental Science and Technology, vol. 51, no. 12, pp. 
6936–6944, 2017, doi: 10.1021/acs.est.7b01210. 

J. Huang et al., “Improving NOAA NAQFC PM2.5 predictions with a bias correction approach,” 
Weather and Forecasting, vol. 32, no. 2, pp. 407–421, 2017, doi: 10.1175/WAF-D-16-
0118.1. 

M. Huang et al., “Impact of intercontinental pollution transport on North American ozone air 
pollution: An HTAP phase 2 multi-model study,” Atmospheric Chemistry and Physics, 
vol. 17, no. 9, pp. 5721–5750, 2017, doi: 10.5194/acp-17-5721-2017. 

Z. Huang et al., “A New Combined Stepwise-Based High-Order Decoupled Direct and Reduced-
Form Method to Improve Uncertainty Analysis in PM2.5 Simulations,” Environmental 



 54 

Science and Technology, vol. 51, no. 7, pp. 3852–3859, 2017, doi: 
10.1021/acs.est.6b05479. 

C. Ivey, H. Holmes, G. Shi, S. Balachandran, Y. Hu, and A. G. Russell, “Development of PM2.5 
Source Profiles Using a Hybrid Chemical Transport-Receptor Modeling Approach,” 
Environmental Science and Technology, vol. 51, no. 23, pp. 13788–13796, 2017, doi: 
10.1021/acs.est.7b03781. 

X. Jin et al., “Evaluating a Space-Based Indicator of Surface Ozone-NOx-VOC Sensitivity Over 
Midlatitude Source Regions and Application to Decadal Trends,” Journal of Geophysical 
Research: Atmospheres, vol. 122, no. 19, pp. 10439–10461, 2017, doi: 
10.1002/2017JD026720. 

K. E. Knowland, L. E. Ott, B. N. Duncan, and K. Wargan, “Stratospheric Intrusion-Influenced 
Ozone Air Quality Exceedances Investigated in the NASA MERRA-2 Reanalysis,” 
Geophysical Research Letters, vol. 44, no. 20, p. 10,691-10,701, 2017, doi: 
10.1002/2017GL074532. 

J. R. Krall et al., “Associations between source-specific fine particulate matter and emergency 
department visits for respiratory disease in four U.S. cities,” Environmental Health 
Perspectives, vol. 125, no. 1, pp. 97–103, 2017, doi: 10.1289/EHP271. 

F. G. Lacey, D. K. Henze, C. J. Lee, A. Van Donkelaar, and R. V. Martin, “Transient climate and 
ambient health impacts due to national solid fuel cookstove emissions,” Proceedings of 
the National Academy of Sciences of the United States of America, vol. 114, no. 6, pp. 
1269–1274, 2017, doi: 10.1073/pnas.1612430114. 

A. Larkin et al., “Global Land Use Regression Model for Nitrogen Dioxide Air Pollution,” 
Environmental Science and Technology, vol. 51, no. 12, pp. 6957–6964, 2017, doi: 
10.1021/acs.est.7b01148. 

P. Lee et al., “NAQFC Developmental Forecast Guidance for Fine Particulate Matter (PM2.5),” 
Weather and Forecasting, vol. 32, no. 1, pp. 343–360, 2017, doi: 10.1175/waf-d-15-
0163.1. 

F. Liang, M. Gao, Q. Xiao, G. R. Carmichael, X. Pan, and Y. Liu, “Evaluation of a data fusion 
approach to estimate daily PM2.5 levels in North China,” Environmental Research, vol. 
158, no. July, pp. 54–60, 2017, doi: 10.1016/j.envres.2017.06.001. 

F. Liang et al., “Associations of PM2.5 and black carbon with hospital emergency room visits 
during heavy haze events: A case study in Beijing, China,” International Journal of 
Environmental Research and Public Health, vol. 14, no. 7, 2017, doi: 
10.3390/ijerph14070725. 

M. Lin, L. W. Horowitz, R. Payton, A. M. Fiore, and G. Tonnesen, “US surface ozone trends and 
extremes from 1980 to 2014: Quantifying the roles of rising Asian emissions, domestic 
controls, wildfires, and climate,” Atmospheric Chemistry and Physics, vol. 17, no. 4, pp. 
2943–2970, 2017, doi: 10.5194/acp-17-2943-2017. 

C. Liu et al., “Associations between ambient fine particulate air pollution and hypertension: A 
nationwide cross-sectional study in China,” Science of the Total Environment, vol. 584–
585, pp. 869–874, 2017, doi: 10.1016/j.scitotenv.2017.01.133. 



 55 

M. Liu et al., “The nexus between urbanization and PM2.5 related mortality in China,” 
Environmental Pollution, vol. 227, pp. 15–23, 2017, doi: 10.1016/j.envpol.2017.04.049. 

M. Liu et al., “Spatial and temporal trends in the mortality burden of air pollution in China: 
2004–2012,” Environment International, vol. 98, pp. 75–81, 2017, doi: 
10.1016/j.envint.2016.10.003. 

Y. Liu and D. J. Diner, “Multi-angle imager for aerosols: A satellite investigation to benefit 
public health,” Public Health Reports, vol. 132, no. 1, pp. 14–17, 2017, doi: 
10.1177/0033354916679983. 

B. Lv et al., “Daily estimation of ground-level PM2.5 concentrations at 4 km resolution over 
Beijing-Tianjin-Hebei by fusing MODIS AOD and ground observations,” Science of the 
Total Environment, vol. 580, pp. 235–244, 2017, doi: 10.1016/j.scitotenv.2016.12.049. 

A. Majid, M. V. Martin, L. N. Lamsal, and B. N. Duncan, “A decade of changes in nitrogen 
oxides over regions of oil and natural gas activity in the United States,” Elementa, vol. 5, 
2017, doi: 10.1525/elementa.259. 

C. S. Malley et al., “Updated global estimates of respiratory mortality in adults ≥ 30 years of age 
attributable to long-term ozone exposure,” Environmental Health Perspectives, vol. 125, 
no. 8, pp. 1–9, 2017, doi: 10.1289/EHP1390. 

C. S. Malley, J. C. I. Kuylenstierna, H. W. Vallack, D. K. Henze, H. Blencowe, and M. R. 
Ashmore, “Preterm birth associated with maternal fine particulate matter exposure: A 
global, regional and national assessment,” Environment International, vol. 101, pp. 173–
182, 2017, doi: 10.1016/j.envint.2017.01.023. 

L. A. McGuinn et al., “Fine particulate matter and cardiovascular disease: Comparison of 
assessment methods for long-term exposure,” Environmental Research, vol. 159, no. 
July, pp. 16–23, 2017, doi: 10.1016/j.envres.2017.07.041. 

P. Meier et al., “Impact of warmer weather on electricity sector emissions due to building energy 
use,” Environmental Research Letters, vol. 12, no. 6, 2017, doi: 10.1088/1748-
9326/aa6f64. 

S. M. O’Neill, S. Urbanski, S. Goodrick, and N. K. Larkin, “Smoke Plumes: Emissions and 
Effects,” Fire Management Today, vol. 75, no. 1, pp. 10–15, 2017. 

V. H. Payne, J. L. Neu, and H. M. Worden, “Commentary on ‘O3 variability in the troposphere 
as observed by IASI over 2008–2016: Contribution of atmospheric chemistry and 
dynamics’ by wespes et al.,” Journal of Geophysical Research, vol. 122, no. 11, pp. 
6130–6134, 2017, doi: 10.1002/2017JD026737. 

M. C. Russell, J. H. Belle, and Y. Liu, “The impact of three recent coal-fired power plant 
closings on Pittsburgh air quality: A natural experiment,” Journal of the Air and Waste 
Management Association, vol. 67, no. 1, pp. 3–16, 2017, doi: 
10.1080/10962247.2016.1170738. 

O. V. Sanderfoot and T. Holloway, “Air pollution impacts on avian species via inhalation 
exposure and associated outcomes,” Environmental Research Letters, vol. 12, no. 8, 
2017, doi: 10.1088/1748-9326/aa8051. 



 56 

G. L. Shi et al., “Size distribution, directional source contributions and pollution status of PM 
from Chengdu, China during a long-term sampling campaign,” Journal of Environmental 
Sciences (China), vol. 56, pp. 1–11, 2017, doi: 10.1016/j.jes.2016.08.017. 

R. A. Silva et al., “Future global mortality from changes in air pollution attributable to climate 
change,” Nature Climate Change, vol. 7, no. 9, pp. 647–651, 2017, doi: 
10.1038/nclimate3354. 

Y. Tang et al., “A case study of aerosol data assimilation with the Community Multi-scale Air 
Quality Model over the contiguous United States using 3D-Var and optimal interpolation 
methods,” Geoscientific Model Development, vol. 10, no. 12, pp. 4743–4758, 2017, doi: 
10.5194/gmd-10-4743-2017. 

L. Tian et al., “Addressing the source contribution of PM2.5 on mortality: An evaluation study 
of its impacts on excess mortality in China,” Environmental Research Letters, vol. 12, no. 
10, 2017, doi: 10.1088/1748-9326/aa85d4. 

D. Q. Tong, J. X. L. Wang, T. E. Gill, H. Lei, and B. Wang, “Intensified dust storm activity and 
Valley fever infection in the southwestern United States,” Geophysical Research Letters, 
vol. 44, no. 9, pp. 4304–4312, 2017, doi: 10.1002/2017GL073524. 

Y. Wang et al., “Local and regional contributions to fine particulate matter in Beijing during 
heavy haze episodes,” Science of the Total Environment, vol. 580, pp. 283–296, 2017, 
doi: 10.1016/j.scitotenv.2016.12.127. 

Q. Xiao et al., “Full-coverage high-resolution daily PM2.5 estimation using MAIAC AOD in the 
Yangtze River Delta of China,” Remote Sensing of Environment, vol. 199, no. March, pp. 
437–446, 2017, doi: 10.1016/j.rse.2017.07.023. 

W. Yu, Y. Liu, Z. Ma, and J. Bi, “Improving satellite-based PM2.5 estimates in China using 
Gaussian processes modeling in a Bayesian hierarchical setting,” Scientific Reports, vol. 
7, no. 1, pp. 3–11, 2017, doi: 10.1038/s41598-017-07478-0. 

Y. Zhang, S. J. Smith, J. H. Bowden, Z. Adelman, and J. J. West, “Co-benefits of global, 
domestic, and sectoral greenhouse gas mitigation for US air quality and human health in 
2050,” Environmental Research Letters, vol. 12, no. 11, 2017, doi: 10.1088/1748-
9326/aa8f76. 

Y. Zhou et al., “Maternal exposure to ozone and PM2.5 and the prevalence of orofacial clefts in 
four U.S. states,” Environmental Research, vol. 153, no. November 2016, pp. 35–40, 
2017, doi: 10.1016/j.envres.2016.11.007. 

D. Abel et al., “Potential air quality benefits from increased solar photovoltaic electricity 
generation in the Eastern United States,” Atmospheric Environment, vol. 175, no. August 
2017, pp. 65–74, 2018, doi: 10.1016/j.atmosenv.2017.11.049. 

S. C. Anenberg et al., “Estimates of the global burden of ambient PM2:5, ozone, and NO2 on 
asthma incidence and emergency room visits,” Environmental Health Perspectives, vol. 
126, no. 10, pp. 1–14, 2018, doi: 10.1289/EHP3766. 

J. T. Bates et al., “Application and evaluation of two model fusion approaches to obtain ambient 
air pollutant concentrations at a fine spatial resolution (250m) in Atlanta,” Environmental 



 57 

Modelling and Software, vol. 109, no. October 2017, pp. 182–190, 2018, doi: 
10.1016/j.envsoft.2018.06.008. 

J. T. Bates et al., “Source impact modeling of spatiotemporal trends in PM2.5 oxidative potential 
across the eastern United States,” Atmospheric Environment, vol. 193, no. September, pp. 
158–167, 2018, doi: 10.1016/j.atmosenv.2018.08.055. 

P. Braesicke et al., Update on Global Ozone: Past, Present, and Future, no. 58. 2018, p. 231. 
C. D. Bray, W. Battye, V. P. Aneja, D. Q. Tong, P. Lee, and Y. Tang, “Ammonia emissions from 

biomass burning in the continental United States,” Atmospheric Environment, vol. 187, 
no. May, pp. 50–61, 2018, doi: 10.1016/j.atmosenv.2018.05.052. 

CCAC and UNEP, Short-lived Climate Pollutants Short-lived Climate Pollutants in Latin 
America. 2018. 

Z. Darynova et al., “Evaluation of NO2 column variations over the atmosphere of Kazakhstan 
using satellite data,” Journal of Applied Remote Sensing, vol. 12, no. 04, pp. 1–1, Oct. 
2018, doi: 10.1117/1.jrs.12.042610. 

D. J. Diner et al., “Advances in multiangle satellite remote sensing of speciated airborne 
particulate matter and association with adverse health effects: from MISR to MAIA,” 
Journal of Applied Remote Sensing, vol. 12, no. 04, pp. 1–1, 2018, doi: 
10.1117/1.jrs.12.042603. 

D. J. Diner et al., “Mapping speciated ambient particulate matter concentrations with the multi-
angle imager for aerosols (MAIA),” in International Geoscience and Remote Sensing 
Symposium (IGARSS), 2018, vol. 2018-July, pp. 6022–6025, doi: 
10.1109/IGARSS.2018.8518520. 

X. Dong et al., “Long-range transport impacts on surface aerosol concentrations and the 
contributions to haze events in China: An HTAP2 multi-model study,” Atmospheric 
Chemistry and Physics, vol. 18, no. 21, pp. 15581–15600, 2018, doi: 10.5194/acp-18-
15581-2018. 

S. Galmarini et al., “Two-scale multi-model ensemble: Is a hybrid ensemble of opportunity 
telling us more?,” Atmospheric Chemistry and Physics, vol. 18, no. 12, pp. 8727–8744, 
2018, doi: 10.5194/acp-18-8727-2018. 

A. Gaudel et al., “Tropospheric Ozone Assessment Report: Present-day distribution and trends 
of tropospheric ozone relevant to climate and global atmospheric chemistry model 
evaluation,” Elementa, vol. 6, 2018, doi: 10.1525/elementa.291. 

G. Geng et al., “Satellite-Based Daily PM2.5 Estimates During Fire Seasons in Colorado,” 
Journal of Geophysical Research: Atmospheres, vol. 123, no. 15, pp. 8159–8171, 2018, 
doi: 10.1029/2018JD028573. 

G. Geng, N. L. Murray, H. H. Chang, and Y. Liu, “The sensitivity of satellite-based PM 2.5 
estimates to its inputs: Implications to model development in data-poor regions,” 
Environment International, vol. 121, no. July, pp. 550–560, 2018, doi: 
10.1016/j.envint.2018.09.051. 



 58 

G. Geng et al., “Satellite-Based Daily PM2.5 Estimates During Fire Seasons in Colorado,” 
Journal of Geophysical Research: Atmospheres, vol. 123, no. 15, pp. 8159–8171, 2018, 
doi: 10.1029/2018JD028573. 

M. S. Girguis et al., “Exposure to acute air pollution and risk of bronchiolitis and otitis media for 
preterm and term infants article,” Journal of Exposure Science and Environmental 
Epidemiology, vol. 28, no. 4, pp. 348–357, 2018, doi: 10.1038/s41370-017-0006-9. 

J. J. Guo et al., “Average versus high surface ozone levels over the continental USA: Model bias, 
background influences, and interannual variability,” Atmospheric Chemistry and Physics, 
vol. 18, no. 16, pp. 12123–12140, 2018, doi: 10.5194/acp-18-12123-2018. 

Z. Q. Hakim et al., “Evaluation of tropospheric ozone and ozone precursors in simulations from 
the HTAPII and CCMI model intercomparisons &ndash; a focus on the Indian 
Subcontinent,” Atmospheric Chemistry and Physics Discussions, no. x, pp. 1–36, 2018, 
doi: 10.5194/acp-2018-1235. 

J. J. Hess et al., “Associations between Total and Speciated Pollen Counts and Several Morbidity 
Measures in the Contiguous United States from 2008 to 2015,” Journal of Allergy and 
Clinical Immunology, vol. 141, no. 2, pp. AB402–AB402, 2018, doi: 
10.1016/j.jaci.2017.12.945. 

T. Holloway, D. J. Jacob, and D. Miller, “Short history of NASA applied science teams for air 
quality and health,” Journal of Applied Remote Sensing, vol. 12, no. 04, pp. 1–1, Dec. 
2018, doi: 10.1117/1.jrs.12.042611. 

K. Huang et al., “Predicting monthly high-resolution PM2.5 concentrations with random forest 
model in the North China Plain,” Environmental Pollution, vol. 242, pp. 675–683, 2018, 
doi: 10.1016/j.envpol.2018.07.016. 

R. Huang et al., “Air pollutant exposure field modeling using air quality model-data fusion 
methods and comparison with satellite AOD-derived fields: application over North 
Carolina, USA,” Air Quality, Atmosphere and Health, vol. 11, no. 1, pp. 11–22, 2018, 
doi: 10.1007/s11869-017-0511-y. 

R. Huang, X. Zhang, D. Chan, S. Kondragunta, A. G. Russell, and M. T. Odman, “Burned Area 
Comparisons Between Prescribed Burning Permits in Southeastern United States and 
Two Satellite-Derived Products,” Journal of Geophysical Research: Atmospheres, vol. 
123, no. 9, pp. 4746–4757, 2018, doi: 10.1029/2017JD028217. 

D. A. Jaffe et al., “Scientific assessment of background ozone over the U.S.: Implications for air 
quality management,” Elementa, vol. 6, 2018, doi: 10.1525/elementa.309. 

Z. Jiang et al., “Unexpected slowdown of US pollutant emission reduction in the past decade,” 
Proceedings of the National Academy of Sciences of the United States of America, vol. 
115, no. 20, pp. 5099–5104, 2018, doi: 10.1073/pnas.1801191115. 

K. K. Johnson, M. H. Bergin, A. G. Russell, and G. S. W. Hagler, “Field test of several low-cost 
particulate matter sensors in high and low concentration urban environments,” Aerosol 
and Air Quality Research, vol. 18, no. 3, pp. 565–578, 2018, doi: 
10.4209/aaqr.2017.10.0418. 



 59 

A. Karambelas, T. Holloway, G. Kiesewetter, and C. Heyes, “Constraining the uncertainty in 
emissions over India with a regional air quality model evaluation,” Atmospheric 
Environment, vol. 174, no. November 2017, pp. 194–203, 2018, doi: 
10.1016/j.atmosenv.2017.11.052. 

A. Karambelas et al., “Urban versus rural health impacts attributable to PM2.5 and O3 in 
northern India,” Environmental Research Letters, vol. 13, no. 6, 2018, doi: 
10.1088/1748-9326/aac24d. 

C. M. Kennedy et al., “Associations of mobile source air pollution during the first year of life 
with childhood pneumonia, bronchiolitis, and otitis media,” Environmental 
Epidemiology, vol. 2, no. 1, pp. e007–e007, 2018, doi: 10.1097/ee9.0000000000000007. 

R. Khalili et al., “Early-life exposure to PM2.5 and risk of acute asthma clinical encounters 
among children in Massachusetts: A case-crossover analysis,” Environmental Health: A 
Global Access Science Source, vol. 17, no. 1, pp. 1–9, 2018, doi: 10.1186/s12940-018-
0361-6. 

S. Kondragunta, H. Zhang, P. Ciren, I. Laszlo, and D. Tong, “Tracking Dust Storms Using the 
Latest Satellite Technology : The Rapid Refresh GOES-16 Advanced Baseline Imager,” 
no. May, 2018. 

J. R. Krall et al., “Source-specific pollution exposure and associations with pulmonary response 
in the Atlanta Commuters Exposure Studies article,” Journal of Exposure Science and 
Environmental Epidemiology, vol. 28, no. 4, pp. 337–347, 2018, doi: 10.1038/s41370-
017-0016-7. 

T. Li et al., “All-cause mortality risk associated with long-term exposure to ambient PM2·5 in 
China: a cohort study,” The Lancet Public Health, vol. 3, no. 10, pp. e470–e477, 2018, 
doi: 10.1016/S2468-2667(18)30144-0. 

C. K. Liang et al., “HTAP2 multi-model estimates of premature human mortality due to 
intercontinental transport of air pollution and emission sectors,” Atmospheric Chemistry 
and Physics, vol. 18, no. 14, pp. 10497–10520, 2018, doi: 10.5194/acp-18-10497-2018. 

C. Liang and L. Emmons, “Supplement of HTAP2 multi-model estimates of premature human 
mortality due to intercontinental transport of air pollution and emission sectors,” pp. 
10497–10520, 2018. 

F. Liang et al., “Satellite-based short- and long-term exposure to PM2.5 and adult mortality in 
urban Beijing, China,” Environmental Pollution, vol. 242, pp. 492–499, 2018, doi: 
10.1016/j.envpol.2018.06.097. 

F. Liang et al., “MAIAC-based long-term spatiotemporal trends of PM2.5 in Beijing, China,” 
Science of the Total Environment, vol. 616–617, pp. 1589–1598, 2018, doi: 
10.1016/j.scitotenv.2017.10.155. 

T. Liu et al., “Seasonal impact of regional outdoor biomass burning on air pollution in three 
Indian cities: Delhi, Bengaluru, and Pune,” Atmospheric Environment, vol. 172, no. 
October 2017, pp. 83–92, 2018, doi: 10.1016/j.atmosenv.2017.10.024. 



 60 

Z. Ma, R. Liu, Y. Liu, and J. Bi, “Effects of air pollution control policies on PM2.5 pollution 
improvement in China from 2005 to 2017: a satellite based perspective,” Atmospheric 
Chemistry and Physics Discussions, pp. 1–23, 2018, doi: 10.5194/acp-2018-1191. 

X. Meng, M. J. Garay, D. J. Diner, O. V. Kalashnikova, J. Xu, and Y. Liu, “Estimating PM2.5 
speciation concentrations using prototype 4.4 km-resolution MISR aerosol properties 
over Southern California,” Atmospheric Environment, vol. 181, no. July 2017, pp. 70–81, 
2018, doi: 10.1016/j.atmosenv.2018.03.019. 

X. Meng, J. L. Hand, B. A. Schichtel, and Y. Liu, “Space-time trends of PM 2.5 constituents in 
the conterminous United States estimated by a machine learning approach, 2005–2015,” 
Environment International, vol. 121, no. October, pp. 1137–1147, 2018, doi: 
10.1016/j.envint.2018.10.029. 

A. Montgomery and T. Holloway, “Assessing the relationship between satellite-derived NO2 and 
economic growth over the 100 most populous global cities,” Journal of Applied Remote 
Sensing, vol. 12, no. 04, pp. 1–1, Sep. 2018, doi: 10.1117/1.jrs.12.042607. 

T. Nah et al., “Characterization of aerosol composition, aerosol acidity, and organic acid 
partitioning at an agriculturally intensive rural southeastern US site,” Atmospheric 
Chemistry and Physics, vol. 18, no. 15, pp. 11471–11491, 2018, doi: 10.5194/acp-18-
11471-2018. 

O. T. Odman et al., “Forecasting the impacts of prescribed fires for dynamic air quality 
management,” Atmosphere, vol. 9, no. 6, pp. 1–20, 2018, doi: 10.3390/atmos9060220. 

Y. Ou et al., “Estimating environmental co-benefits of U.S. low-carbon pathways using an 
integrated assessment model with state-level resolution,” Applied Energy, vol. 216, no. 
February, pp. 482–493, 2018, doi: 10.1016/j.apenergy.2018.02.122. 

A. F. Pennington et al., “Exposure to Mobile Source Air Pollution in Early-life and Childhood 
Asthma Incidence: The Kaiser Air Pollution and Pediatric Asthma Study,” Epidemiology, 
vol. 29, no. 1, pp. 22–30, 2018, doi: 10.1097/EDE.0000000000000754. 

H. E. Rieder, A. M. Fiore, O. E. Clifton, G. Correa, L. W. Horowitz, and V. Naik, “Combining 
model projections with site-level observations to estimate changes in distributions and 
seasonality of ozone in surface air over the U.S.A.,” Atmospheric Environment, vol. 193, 
no. July, pp. 302–315, 2018, doi: 10.1016/j.atmosenv.2018.07.042. 

 A. G. Russell et al., “Impacts of Regulations on Air Quality and Emergency Department 
Visits in the Atlanta Metropolitan Area, 1999-2013.,” Research report (Health Effects 
Institute), no. 195, pp. 1–93, 2018. 

G. Shaddick et al., “Data Integration for the Assessment of Population Exposure to Ambient Air 
Pollution for Global Burden of Disease Assessment,” Environmental Science and 
Technology, vol. 52, no. 16, pp. 9069–9078, 2018, doi: 10.1021/acs.est.8b02864. 

G. Shaddick et al., “Data integration model for air quality: a hierarchical approach to the global 
estimation of exposures to ambient air pollution,” Journal of the Royal Statistical Society. 
Series C: Applied Statistics, vol. 67, no. 1, pp. 231–253, 2018, doi: 10.1111/rssc.12227. 

S. Shen et al., “Satellite and Reanalysis Air Quality Data and Services at NASA GES DISC for 
Public Health Study,” vol. 48, pp. 2018–2018, 2018. 



 61 

G. Shi et al., “Source apportionment for fine particulate matter in a Chinese city using an 
improved gas-constrained method and comparison with multiple receptor models,” 
Environmental Pollution, vol. 233, pp. 1058–1067, 2018, doi: 
10.1016/j.envpol.2017.10.007. 

J. D. Stanaway et al., “Global, regional, and national comparative risk assessment of 84 
behavioural, environmental and occupational, and metabolic risks or clusters of risks for 
195 countries and territories, 1990-2017: A systematic analysis for the Global Burden of 
Disease Stu,” The Lancet, vol. 392, no. 10159, pp. 1923–1994, 2018, doi: 
10.1016/S0140-6736(18)32225-6. 

J. D. Stanaway et al., “Global, regional, and national comparative risk assessment of 84 
behavioural, environmental and occupational, and metabolic risks or clusters of risks for 
195 countries and territories, 1990-2017: A systematic analysis for the Global Burden of 
Disease Stu,” The Lancet, vol. 392, no. 10159, pp. 1923–1994, 2018, doi: 
10.1016/S0140-6736(18)32225-6. 

Z. Sun et al., “CyberConnector: a service-oriented system for automatically tailoring multisource 
Earth observation data to feed Earth science models,” Earth Science Informatics, vol. 11, 
no. 1, pp. 1–17, 2018, doi: 10.1007/s12145-017-0308-4. 

J. Tan et al., “Source contributions to sulfur and nitrogen deposition - An HTAP II multi-model 
study on hemispheric transport,” Atmospheric Chemistry and Physics, vol. 18, no. 16, pp. 
12223–12240, 2018, doi: 10.5194/acp-18-12223-2018. 

Y. Tang, “Advancing Air Quality Forecasting to Protect Human Health,” no. October, 2018. 
Y. Tian et al., “Spatial, seasonal and diurnal patterns in physicochemical characteristics and 

sources of PM2.5 in both inland and coastal regions within a megacity in China,” Journal 
of Hazardous Materials, vol. 342, pp. 139–149, 2018, doi: 
10.1016/j.jhazmat.2017.08.015. 

S. T. Turnock et al., “The impact of future emission policies on tropospheric ozone using a 
parameterised approach,” Atmospheric Chemistry and Physics, vol. 18, no. 12, pp. 8953–
8978, 2018, doi: 10.5194/acp-18-8953-2018. 

Y. Wang, X. Hu, H. H. Chang, L. A. Waller, J. H. Belle, and Y. Liu, “A Bayesian downscaler 
model to estimate daily PM2.5 levels in the conterminous us,” International Journal of 
Environmental Research and Public Health, vol. 15, no. 9, 2018, doi: 
10.3390/ijerph15091999. 

Q. Xiao, H. H. Chang, G. Geng, and Y. Liu, “An Ensemble Machine-Learning Model to Predict 
Historical PM2.5 Concentrations in China from Satellite Data,” Environmental Science 
and Technology, vol. 52, no. 22, pp. 13260–13269, 2018, doi: 10.1021/acs.est.8b02917. 

Q. Xiao et al., “Associations between birth outcomes and maternal PM2.5 exposure in Shanghai: 
A comparison of three exposure assessment approaches,” Environment International, vol. 
117, no. February, pp. 226–236, 2018, doi: 10.1016/j.envint.2018.04.050. 

D. Ye et al., “Estimating acute cardiovascular effects of ambient PM2.5 metals,” Environmental 
Health Perspectives, vol. 126, no. 2, pp. 1–10, 2018, doi: 10.1289/EHP2182. 



 62 

P. J. Young et al., “Tropospheric ozone assessment report: Assessment of global-scale model 
performance for global and regional ozone distributions, variability, and trends,” 
Elementa, vol. 6, 2018, doi: 10.1525/elementa.265. 

H. Yu et al., “Cross-comparison and evaluation of air pollution field estimation methods,” 
Atmospheric Environment, vol. 179, no. January, pp. 49–60, 2018, doi: 
10.1016/j.atmosenv.2018.01.045. 

Y. Zhang et al., “Long-term trends in the ambient PM2.5- and O3-related mortality burdens in 
the United States under emission reductions from 1990 to 2010,” Atmospheric Chemistry 
and Physics, vol. 18, no. 20, pp. 15003–15016, 2018, doi: 10.5194/acp-18-15003-2018. 

Thriving on Our Changing Planet. Washington, DC: The National Academies Press, 2018. 
J. Y. Abrams et al., “Impact of air pollution control policies on cardiorespiratory emergency 

department visits, Atlanta, GA, 1999–2013,” Environment International, vol. 126, no. 
January, pp. 627–634, 2019, doi: 10.1016/j.envint.2019.01.052. 

S. A. Ackerman et al., “Satellites See the World’s Atmosphere,” Meteorological Monographs, 
vol. 59, p. 4.1-4.53, 2019, doi: 10.1175/amsmonographs-d-18-0009.1. 

F. E. Ahangar, F. R. Freedman, and A. Venkatram, “Using low-cost air quality sensor networks 
to improve the spatial and temporal resolution of concentration maps,” International 
Journal of Environmental Research and Public Health, vol. 16, no. 7, 2019, doi: 
10.3390/ijerph16071252. 

M. Al-Hamdan, W. Crosson, E. Burrows, S. Coffield, B. Crane, and M. Barik, “Development 
and validation of improved PM2.5 models for public health applications using remotely 
sensed aerosol and meteorological data,” Environmental Monitoring and Assessment, vol. 
191, 2019, doi: 10.1007/s10661-019-7414-3. 

 S. C. Anenberg, P. Achakulwisut, M. Brauer, D. Moran, J. S. Apte, and D. K. Henze, 
“Particulate matter-attributable mortality and relationships with carbon dioxide in 250 
urban areas worldwide,” Scientific Reports, vol. 9, no. 1, pp. 1–6, 2019, doi: 
10.1038/s41598-019-48057-9. 

S. C. Anenberg, J. Miller, D. K. Henze, R. Minjares, and P. Achakulwisut, “The global burden of 
transportation tailpipe emissions on air pollution-related mortality in 2010 and 2015,” 
Environmental Research Letters, vol. 14, no. 9, 2019, doi: 10.1088/1748-9326/ab35fc. 

W. H. Battye, C. D. Bray, V. P. Aneja, D. Tong, P. Lee, and Y. Tang, “Evaluating Ammonia 
(NH3) Predictions in the NOAA NAQFC for Eastern North Carolina Using Ground 
Level and Satellite Measurements,” Journal of Geophysical Research: Atmospheres, vol. 
124, no. 14, pp. 8242–8259, Jul. 2019, doi: 10.1029/2018JD029990. 

J. Bi, J. H. Belle, Y. Wang, A. I. Lyapustin, A. Wildani, and Y. Liu, “Impacts of snow and cloud 
covers on satellite-derived PM2.5 levels,” Remote Sensing of Environment, vol. 221, no. 
December 2018, pp. 665–674, 2019, doi: 10.1016/j.rse.2018.12.002. 

[144] H. L. Brantley, G. S. W. Hagler, S. C. Herndon, P. Massoli, M. H. Bergin, and A. G. 
Russell, “Characterization of spatial air pollution patterns near a large Railyard area in 
Atlanta, Georgia,” International Journal of Environmental Research and Public Health, 
vol. 16, no. 4, pp. 1–14, 2019, doi: 10.3390/ijerph16040535. 



 63 

[145] M. D. Castillo et al., “Field testing a low-cost passive aerosol sampler for long-term 
measurement of ambient PM2.5 concentrations and particle composition,” Atmospheric 
Environment, vol. 216, no. May, pp. 116905–116905, 2019, doi: 
10.1016/j.atmosenv.2019.116905. 

K. L. Chang et al., “A new method (M3Fusion v1) for combining observations and multiple 
model output for an improved estimate of the global surface ozone distribution,” 
Geoscientific Model Development, vol. 12, no. 3, pp. 955–978, 2019, doi: 10.5194/gmd-
12-955-2019. 

K. R. Cromar et al., “Air pollution monitoring for health research and patient care: An official 
American Thoracic Society workshop report,” Annals of the American Thoracic Society, 
vol. 16, no. 10, pp. 1207–1214, 2019, doi: 10.1513/AnnalsATS.201906-477ST. 

K. R. Cromar et al., “Air pollution monitoring for health research and patient care: An official 
American Thoracic Society workshop report,” Annals of the American Thoracic Society, 
vol. 16, no. 10, pp. 1207–1214, 2019, doi: 10.1513/AnnalsATS.201906-477ST. 

M. Diao et al., “Methods, availability, and applications of PM2.5 exposure estimates derived 
from ground measurements, satellite, and atmospheric models,” Journal of the Air and 
Waste Management Association, vol. 69, no. 12, pp. 1391–1414, Dec. 2019, doi: 
10.1080/10962247.2019.1668498. 

G. Geng et al., “Impact of China’s Air Pollution Prevention and Control Action Plan on PM2.5 
chemical composition over eastern China,” Science China Earth Sciences, vol. 62, no. 12, 
pp. 1872–1884, 2019, doi: 10.1007/s11430-018-9353-x. 

 D. L. Goldberg et al., “Exploiting OMI NO2 satellite observations to infer fossil-fuel CO2 
emissions from U.S. megacities,” Science of the Total Environment, vol. 695, no. 2, 2019, 
doi: 10.1016/j.scitotenv.2019.133805. 

L. R. F. Henneman, C. Liu, H. Chang, J. Mulholland, P. Tolbert, and A. Russell, “Air quality 
accountability: Developing long-term daily time series of pollutant changes and 
uncertainties in Atlanta, Georgia resulting from the 1990 Clean Air Act Amendments,” 
Environment International, vol. 123, no. December 2018, pp. 522–534, 2019, doi: 
10.1016/j.envint.2018.12.028. 

Y. Hu, H. H. Ai, M. T. Odman, A. Vaidyanathan, and A. G. Russell, “Development of a 
WebGIS-based analysis tool for human health protection from the impacts of prescribed 
fire smoke in southeastern USA,” International Journal of Environmental Research and 
Public Health, vol. 16, no. 11, 2019, doi: 10.3390/ijerph16111981. 

K. Huang et al., “Estimating daily PM2.5 concentrations in New York City at the neighborhood-
scale: Implications for integrating non-regulatory measurements,” Science of the Total 
Environment, vol. 697, pp. 134094–134094, 2019, doi: 10.1016/j.scitotenv.2019.134094. 

K. Huang et al., “Long-Term Exposure to Fine Particulate Matter and Hypertension Incidence in 
China,” Hypertension (Dallas, Tex. : 1979), vol. 73, no. 6, pp. 1195–1201, 2019, doi: 
10.1161/HYPERTENSIONAHA.119.12666. 

R. Huang, Y. Hu, A. G. Russell, J. A. Mulholland, and M. T. Odman, “The impacts of prescribed 
fire on PM2.5 air quality and human health: Application to asthma-related emergency 



 64 

room visits in georgia, USA,” International Journal of Environmental Research and 
Public Health, vol. 16, no. 13, 2019, doi: 10.3390/ijerph16132312. 

X. Jin et al., “Comparison of multiple PM2.5 exposure products for estimating health benefits of 
emission controls over New York State, USA,” Environmental Research Letters, vol. 14, 
no. 8, 2019, doi: 10.1088/1748-9326/ab2dcb. 

X. Jin et al., “Assessing uncertainties of a geophysical approach to estimate surface fine 
particulate matter distributions from satellite-observed aerosol optical depth,” 
Atmospheric Chemistry and Physics, vol. 19, no. 1, pp. 295–313, 2019, doi: 10.5194/acp-
19-295-2019. 

D. Liang et al., “Perturbations of the arginine metabolome following exposures to traffic-related 
air pollution in a panel of commuters with and without asthma,” Environment 
International, vol. 127, no. February, pp. 503–513, 2019, doi: 
10.1016/j.envint.2019.04.003. 

D. Liang et al., “Metabolic perturbations following exposures to traffic- related air pollution in a 
panel of commuters with and without asthma,” Environmental Epidemiology, vol. 3, pp. 
238–239, 2019, doi: 10.1097/01.EE9.0000608496.60766.58. 

F. Liang et al., “Long-term exposure to ambient fine particulate matter and incidence of diabetes 
in China: A cohort study,” Environment International, vol. 126, no. February, pp. 568–
575, 2019, doi: 10.1016/j.envint.2019.02.069. 

B. Lyu et al., “Fusion Method Combining Ground-Level Observations with Chemical Transport 
Model Predictions Using an Ensemble Deep Learning Framework: Application in China 
to Estimate Spatiotemporally-Resolved PM2.5 Exposure Fields in 2014-2017,” 
Environmental Science and Technology, vol. 53, no. 13, pp. 7306–7315, 2019, doi: 
10.1021/acs.est.9b01117. 

C. Lyu et al., “Elucidating emissions control strategies for ozone to protect human health and 
public welfare within the continental United States,” Environmental Research Letters, 
vol. 14, no. 12, pp. 124093–124093, 2019, doi: 10.1088/1748-9326/ab5e05. 

A. Marsha and N. K. Larkin, “A statistical model for predicting PM2.5 for the western United 
States,” Journal of the Air and Waste Management Association, vol. 69, no. 10, pp. 
1215–1229, Oct. 2019, doi: 10.1080/10962247.2019.1640808. 

P. Pant et al., “Monitoring particulate matter in India: recent trends and future outlook,” Air 
Quality, Atmosphere & Health, vol. 12, no. 1, pp. 45–58, 2019, doi: 10.1007/s11869-018-
0629-6. 

A. F. Pennington et al., “Source-Apportioned PM2.5 and cardiorespiratory emergency 
department visits: Accounting for source contribution uncertainty,” Epidemiology, vol. 
30, no. 6, pp. 789–798, 2019, doi: 10.1097/EDE.0000000000001089. 

M. A. Puchalski et al., “Improved Monitoring of Spatial and Temporal Trends of Reduced 
Nitrogen,” no. July, 2019. 

Y. Qian, L. R. F. Henneman, J. A. Mulholland, and A. G. Russell, “Empirical Development of 
Ozone Isopleths: Applications to Los Angeles,” Environmental Science and Technology 
Letters, vol. 6, no. 5, pp. 294–299, 2019, doi: 10.1021/acs.estlett.9b00160. 



 65 

M. Qin et al., “Improving ozone simulations in the Great Lakes Region: The role of emissions, 
chemistry, and dry deposition,” Atmospheric Environment, vol. 202, no. December 2018, 
pp. 167–179, 2019, doi: 10.1016/j.atmosenv.2019.01.025. 

Z. Qu et al., “SO2 Emission Estimates Using OMI SO2 Retrievals for 2005–2017,” Journal of 
Geophysical Research: Atmospheres, vol. 124, no. 14, pp. 8336–8359, 2019, doi: 
10.1029/2019JD030243. 

Z. Qu, D. K. Henze, N. Theys, J. Wang, and W. Wang, “Hybrid Mass Balance/4D-Var Joint 
Inversion of NOx and SO2 Emissions in East Asia,” Journal of Geophysical Research: 
Atmospheres, vol. 124, no. 14, pp. 8203–8224, 2019, doi: 10.1029/2018JD030240. 

J. M. Richter et al., “Specifying polarimetric tolerances of a high-resolution imaging multiple-
species atmospheric profiler (HiMAP),” pp. 15–15, 2019, doi: 10.1117/12.2510750. 

A. G. Russell, R. Huang, X. Zhai, C. E. Ivey, G. Shi, and R. B. Devlin, “Source-specific Fine 
Particulate Using Spatiotemporal Concentration Fields Developed using Chemical 
Transport Modelling and Data Assimilation: Application to North Carolina for Health 
Associations with Coronary Heart Disease,” Environmental Epidemiology, vol. 3, pp. 
344–345, 2019, doi: 10.1097/01.EE9.0000609796.01679.34. 

R. D. Saylor, B. D. Baker, P. Lee, D. Tong, L. Pan, and B. B. Hicks, “The particle dry deposition 
component of total deposition from air quality models: right, wrong or uncertain?,” 
Tellus, Series B: Chemical and Physical Meteorology, vol. 71, no. 1, pp. 1–22, 2019, doi: 
10.1080/16000889.2018.1550324. 

S. Schollaert Uz et al., “Earth Observations and Integrative Models in Support of Food and 
Water Security,” Remote Sensing in Earth Systems Sciences, vol. 2, no. 1, pp. 18–38, 
2019, doi: 10.1007/s41976-019-0008-6. 

N. Senthilkumar, M. Gilfether, F. Metcalf, A. G. Russell, J. A. Mulholland, and H. H. Chang, 
“Application of a fusion method for gas and particle air pollutants between observational 
data and chemical transport model simulations over the contiguous United States for 
2005-2014,” International Journal of Environmental Research and Public Health, vol. 
16, no. 18, 2019, doi: 10.3390/ijerph16183314. 

J. L. Servadio et al., “Demographic Inequities in Health Outcomes and Air Pollution Exposure in 
the Atlanta Area and its Relationship to Urban Infrastructure,” Journal of Urban Health, 
vol. 96, no. 2, pp. 219–234, 2019, doi: 10.1007/s11524-018-0318-7. 

H. Shen et al., “Global Fire Forecasts Using Both Large-Scale Climate Indices and Local 
Meteorological Parameters,” Global Biogeochemical Cycles, vol. 33, no. 8, pp. 1129–
1145, Aug. 2019, doi: 10.1029/2019GB006180. 

H. Shi et al., “Modeling Study of the Air Quality Impact of Record-Breaking Southern 
California Wildfires in December 2017,” Journal of Geophysical Research: 
Atmospheres, vol. 124, no. 12, pp. 6554–6570, 2019, doi: 10.1029/2019JD030472. 

J. D. Stowell et al., “Associations of wildfire smoke PM2.5 exposure with cardiorespiratory 
events in Colorado 2011–2014,” Environment International, vol. 133, no. May, pp. 
105151–105151, 2019, doi: 10.1016/j.envint.2019.105151. 



 66 

H. M. Strosnider, H. H. Chang, L. A. Darrow, Y. Liu, A. Vaidyanathan, and M. J. Strickland, 
“Age-specific associations of ozone and fine particulate matter with respiratory 
emergency department visits in the United States,” American Journal of Respiratory and 
Critical Care Medicine, vol. 199, no. 7, pp. 882–890, 2019, doi: 10.1164/rccm.201806-
1147OC. 

D. Tarasick et al., “Tropospheric Ozone Assessment Report: Tropospheric ozone from 1877 to 
2016, observed levels, trends and uncertainties,” Elem Sci Anth, vol. 7, no. 1, pp. 39–39, 
2019, doi: 10.1525/elementa.376. 

B. N. Vu et al., “Developing an advanced PM2.5 exposure model in Lima, Peru,” Remote 
Sensing, vol. 11, no. 6, pp. 1–18, 2019, doi: 10.3390/rs11060641. 

J. T. Walker et al., “Toward the improvement of total nitrogen deposition budgets in the United 
States,” Science of the Total Environment, vol. 691, pp. 1328–1352, 2019, doi: 
10.1016/j.scitotenv.2019.07.058. 

N. Watts et al., “The 2019 report of The Lancet Countdown on health and climate change: 
ensuring that the health of a child born today is not defined by a changing climate,” The 
Lancet, vol. 394, no. 10211, pp. 1836–1878, 2019, doi: 10.1016/S0140-6736(19)32596-6. 

D. M. Westervelt et al., “Mid-21st century ozone air quality and health burden in China under 
emissions scenarios and climate change,” Environmental Research Letters, vol. 14, no. 7, 
2019, doi: 10.1088/1748-9326/ab260b. 

X. Yu et al., “On the accuracy and potential of Google Maps location history data to characterize 
individual mobility for air pollution health studies,” Environmental Pollution, vol. 252, 
pp. 924–930, 2019, doi: 10.1016/j.envpol.2019.05.081. 

X. Zhai, J. A. Mulholland, M. D. Friberg, H. A. Holmes, A. G. Russell, and Y. Hu, “Spatial 
PM2.5 mobile source impacts using a calibrated indicator method,” Journal of the Air 
and Waste Management Association, vol. 69, no. 4, pp. 402–414, 2019, doi: 
10.1080/10962247.2018.1532468. 

H. Zhao et al., “Inequality of household consumption and air pollution-related deaths in China,” 
Nature Communications, vol. 10, no. 1, pp. 1–9, 2019, doi: 10.1038/s41467-019-12254-
x. 

Y. Zhou et al., “Compilation and spatio-temporal analysis of publicly available total solar and 
UV irradiance data in the contiguous United States,” Environmental Pollution, vol. 253, 
pp. 130–140, 2019, doi: 10.1016/j.envpol.2019.06.074. 

Q. Zhu et al., “Predicting gestational personal exposure to PM2.5 from satellite-driven ambient 
concentrations in Shanghai,” Chemosphere, vol. 233, pp. 452–461, 2019, doi: 
10.1016/j.chemosphere.2019.05.251. 

Y. Zou et al., “Machine learning-based integration of high-resolution wildfire smoke simulations 
and observations for regional health impact assessment,” International Journal of 
Environmental Research and Public Health, vol. 16, no. 12, 2019, doi: 
10.3390/ijerph16122137. 



 67 

S. C. Anenberg et al., “Using Satellites to Track Indicators of Global Air Pollution and Climate 
Change Impacts: Lessons Learned From a NASA-Supported Science-Stakeholder 
Collaborative,” GeoHealth, vol. 4, no. 7, pp. 1–11, 2020, doi: 10.1029/2020GH000270. 

J. Bi et al., “Contribution of low-cost sensor measurements to the prediction of PM2.5 levels: A 
case study in Imperial County, California, USA,” Environmental Research, vol. 180, no. 
June 2019, pp. 108810–108810, 2020, doi: 10.1016/j.envres.2019.108810. 

J. Bi et al., “Contribution of low-cost sensor measurements to the prediction of PM2.5 levels: A 
case study in Imperial County, California, USA,” Environmental Research, vol. 180, no. 
June 2019, pp. 108810–108810, 2020, doi: 10.1016/j.envres.2019.108810. 

J. Bi, A. Wildani, H. H. Chang, and Y. Liu, “Incorporating Low-Cost Sensor Measurements into 
High-Resolution PM2.5 Modeling at a Large Spatial Scale,” Environmental Science and 
Technology, vol. 54, no. 4, pp. 2152–2162, 2020, doi: 10.1021/acs.est.9b06046. 

F. R. Freedman et al., “Spatial particulate fields during highwinds in the imperial valley, 
California,” Atmosphere, vol. 11, no. 1, pp. 1–20, 2020, doi: 10.3390/ATMOS11010088. 

G. Geng, X. Meng, K. He, and Y. Liu, “Random forest models for PM2.5 speciation 
concentrations using MISR fractional AODs,” Environmental Research Letters, vol. 15, 
no. 3, 2020, doi: 10.1088/1748-9326/ab76df. 

L. R. F. Henneman, H. Shen, C. Liu, Y. Hu, J. A. Mulholland, and A. G. Russell, “Ozone in the 
Eastern United States: Production Efficiency Variability Over Time and Between 
Sources,” in Air Pollution Modeling and its Application XXVI, C. Mensink, W. Gong, 
and A. Hakami, Eds. Cham: Springer International Publishing, 2020, pp. 9–15. 

R. Huang, M. Qin, Y. Hu, A. G. Russell, and M. T. Odman, “Apportioning prescribed fire 
impacts on PM2.5 among individual fires through dispersion modeling,” Atmospheric 
Environment, vol. 223, no. June 2019, pp. 117260–117260, 2020, doi: 
10.1016/j.atmosenv.2020.117260. 

D. A. Jaffe et al., “Wildfire and prescribed burning impacts on air quality in the United States,” 
Journal of the Air and Waste Management Association, vol. 70, no. 6, pp. 583–615, 2020, 
doi: 10.1080/10962247.2020.1749731. 

P. Lee et al., “Performance Differences of the National Air Quality Forecasting Capability When 
There is a Major Upgrade in the Chemistry Modules,” in Air Pollution Modeling and its 
Application XXVI, C. Mensink, W. Gong, and A. Hakami, Eds. Cham: Springer 
International Publishing, 2020, pp. 249–253. 

F. Liu et al., “A methodology to constrain carbon dioxide emissions from coal-fired power plants 
using satellite observations of co-emitted nitrogen dioxide,” Atmospheric Chemistry and 
Physics, vol. 20, no. 1, pp. 99–116, 2020, doi: 10.5194/acp-20-99-2020. 

C. P. Loughner et al., “The benefits of lower ozone due to air pollution emission reductions 
(2002–2011) in the Eastern United States during extreme heat,” Journal of the Air and 
Waste Management Association, vol. 70, no. 2, pp. 193–205, Feb. 2020, doi: 
10.1080/10962247.2019.1694089. 



 68 

Y. Lv et al., “Long-term exposure to PM2.5 and incidence of disability in activities of daily 
living among oldest old,” Environmental Pollution, vol. 259, pp. 113910–113910, 2020, 
doi: 10.1016/j.envpol.2020.113910. 

M. T. Odman, H. Ai, Y. Hu, A. G. Russell, A. Vaidyanathan, and S. L. Goodrick, “An Air 
Quality Modeling System Providing Smoke Impact Forecasts for Health Protection in 
Southeastern USA,” in Air Pollution Modeling and its Application XXVI, C. Mensink, W. 
Gong, and A. Hakami, Eds. Cham: Springer International Publishing, 2020, pp. 231–236. 

Y. Ou, J. J. West, S. J. Smith, C. G. Nolte, and D. H. Loughlin, “Air pollution control strategies 
directly limiting national health damages in the US,” Nature Communications, vol. 11, 
no. 1, 2020, doi: 10.1038/s41467-020-14783-2. 

Y. Park, B. Kwon, J. Heo, X. Hu, Y. Liu, and T. Moon, “Estimating PM2.5 concentration of the 
conterminous United States via interpretable convolutional neural networks,” 
Environmental Pollution, vol. 256, pp. 113395–113395, 2020, doi: 
10.1016/j.envpol.2019.113395. 

E. Penn and T. Holloway, “Evaluating current satellite capability to observe diurnal change in 
nitrogen oxides in preparation for geostationary satellite missions,” Environmental 
Research Letters, vol. 15, no. 3, 2020, doi: 10.1088/1748-9326/ab6b36. 

Q. She et al., “Satellite-based estimation of hourly PM2.5 levels during heavy winter pollution 
episodes in the Yangtze River Delta, China,” Chemosphere, vol. 239, pp. 124678–
124678, 2020, doi: 10.1016/j.chemosphere.2019.124678. 

J. D. Stowell et al., “Estimating PM2.5 in Southern California using satellite data: factors that 
affect model performance,” Environmental Research Letters, May 2020, doi: 
10.1088/1748-9326/ab9334. 

J. D. Stowell et al., “Estimating PM2.5 in Southern California using satellite data: factors that 
affect model performance,” Environ. Res. Lett., vol. 15, no. 9, p. 094004, Aug. 2020, doi: 
10.1088/1748-9326/ab9334. 

V. Tapia et al., “Time-series analysis of ambient PM2.5 and cardiorespiratory emergency room 
visits in Lima, Peru during 2010–2016,” Journal of Exposure Science and Environmental 
Epidemiology, vol. 30, no. 4, pp. 680–688, 2020, doi: 10.1038/s41370-019-0189-3. 

 N. Wang et al., “Geographical Disparity and Associated Factors of COPD Prevalence in 
China: A Spatial Analysis of National Cross-Sectional Study,” COPD, vol. Volume 15, 
pp. 367–377, Feb. 2020, doi: 10.2147/COPD.S234042. 

L. Yuan et al., “Critical windows for maternal fine particulate matter exposure and adverse birth 
outcomes: The Shanghai birth cohort study,” Chemosphere, vol. 240, pp. 124904–
124904, 2020, doi: 10.1016/j.chemosphere.2019.124904. 

 
 


	Report Cover 3 FINAL
	Authors
	HAQAST Final Report_2021
	Executive Summary
	1. HAQAST Team Overview
	1.1 Team Leadership
	1.2 HAQAST projects
	 Supporting the Use of Satellite Data in State Implementation Plans (SIPs)
	led by HAQAST Member Arlene Fiore (2017-2018)
	 High Resolution Particulate Matter Data for Improved Satellite-Based Assessments of Community Health,
	led by HAQAST Co-I Patrick Kinney (2017-2018)
	 Improved National Emissions Inventory NOx emissions using OMI Tropospheric NO2 Retrievals and Potential Impacts on Air Quality Strategy Development,
	led by HAQAST Member Daniel Tong and HAQAST Co-I Brad Pierce (2017-2018)
	 Using Satellite Remote Sensing to Derive Global Climate and Air Pollution Indicators,
	led by HAQAST Co-I Susan Anenberg (2018-2019)
	 Supporting the Use of Satellite Data in Regional Haze Planning,
	led by HAQAST Member Arlene Fiore (2018-2019)
	 Satellite-Evaluated and Satellite-Informed Ozone Distributions for Estimating U.S. Background Ozone,
	led by HAQAST Member Jessica Neu (2018-2019)
	 Air Quality and Health Burden of 2017 California Wildfires,
	Co-led by HAQAST Members Susan O’Neill and Minghui Diao (2018-2019)


	2. Major HAQAST Successes
	Success #1: Growing the Air Quality and Public Health User Community
	Success #2: Improving Satellite-Derived Surface PM2.5 for Health Applications
	Success #3: Improved Characterization of Global Background Ozone and Haze Affecting the U.S.
	Success #4: Advancing Global Health Challenges with NASA Data
	Success #5: Community Scale Health Impacts
	Success #6: Quantifying Uncertain Emissions Sources
	Success #7: Improved Tools for Real-Time and Retrospective Fire Analysis

	3. Lessons from the HAQAST Experience and Recommendations
	3.1 Comparison with AQAST
	3.2 Lessons from HAQAST

	4. Appendices
	Appendix A: Overview of HAQAST Tiger Teams
	Description of 2017 Tiger Teams
	 Demonstration of the Efficacy of Environmental Regulations in the Eastern U.S., led by PIs Bryan Duncan and Jason West.
	 Supporting the Use of Satellite Data in State Implementation Plans (SIPs), led by PI Arlene Fiore.
	 High Resolution Particulate Matter Data for Improved Satellite-Based Assessments of Community Health, led by HAQAST contributor Patrick Kinney.
	 Improved National Emissions Inventory NOx emissions using OMI Tropospheric NO2 retrievals and Potential Impacts on Air Quality Strategy Development, led by PI Daniel Tong and contributor Brad Pierce.

	Description of 2018 Tiger Teams
	 Using Satellite Remote Sensing to Derive Global Climate and Air Pollution Indicators, led by contributor Susan Anenberg
	 Supporting the Use of Satellite Data in Regional Haze Planning, led by PI Arlene Fiore
	 Satellite-Evaluated and Satellite-Informed Ozone Distributions for Estimating U.S. Background Ozone, led by Jessica Neu.
	 Air Quality and Health Burden of 2017 California Wildfires, led by Susan O’Neill


	Appendix B: HAQAST Meetings
	Appendix C: Digital Communication Platforms
	Team Website (www.haqast.org)
	NASA Air Quality Website (https://airquality.gsfc.nasa.gov)
	Newsletters
	Twitter (@NASA_HAQAST)

	Appendix D: HAQAST Publications



