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Using Satellite Data: Where to Start?

H AQAST The NASA Health and Air Quality Applied Sciences Team (HAQAST)

Tracey Holloway, Team Lead & Jenny Bratburd, Outreach Coordinator

University of Wisconsin—Madison




What is “hay-kast™?

* Health and Air Quality Applied
Sciences Team

e 4 year initiative through January 2025
e 14 Members and 60+ co-investigators

* Mission: Connect NASA science with
air quality and health applications

e Four types of work:
Member projects
Tiger team projects (collaborative)
Rapid Response (emergent/immediate)
Outreach, engagement



14 NASA Health and Air Quality
Applied Sciences Team Members (HAQAST)

Tracey Holloway (Team Lead, UW-Madison)
Susan Anenberg (George Washington University)
Bryan Duncan (NASA GSFQC)

Arlene Fiore (Massachusetts Institute of Technology)
Pawan Gupta (NASA GSFQC)

Yang Liv (Emory University)

Jingqivu Mao (University of Alaska, Fairbanks)
Randall Martin (Washington University)

Ted Russell (Georgia Tech)

Jeffrey Pierce (Colorado State University)

Amber Soja (National Institute of Aerospace)
Daniel Tong (George Mason University)
Christopher Uejio (Florida State University)

Qian Xiao (University of Texas Health Science Center at
Houston)

haqast.org
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Tropospheric Emissions:
Monitoring of Pollution
Haurfy Measurement of Pollution

. 'M Smithsonian Astrophysical
Observatory




Scientists / Stakeholders /

Researchers Data Users
Group B

Group A Government regulatory body

Academia/University Local authority
Research institute . :
Air quality consultancy

Private enterprise v
‘P Research institute/Government lab

Government advisory group Public health

Daniel A. Potts, Emma J.S. Ferranti, Joshua D. Vande Hey, Investigating the barriers and pathways to
implementing satellite data into air quality monitoring, regulation and policy design in the United Kingdom,
Environmental Science & Policy, Volume 151, 2024.



Would a of service, (a) where you can download pre-processed, uniform datasets,
be valuable to you, or is it preferred to (b) handle the original data
and gain the full expertise and understanding in house?

Group A GroupB  Stagkeholders/
Scientists / Data Users
Pre-processed outputs
Researchers :
“Pre-
“Raw”’ processed

In house capability
In house capability

Daniel A. Potts, Emma J.S. Ferranti, Joshua D. Vande Hey, Investigating the barriers and pathways to
implementing satellite data into air quality monitoring, regulation and policy design in the United Kingdom,
Environmental Science & Policy, Volume 151, 2024.
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H A QA ST Connecting MASA Data and Tools with Health and Adr Chaality Stakeholders

Harme Data and Toak

Data and Tools

MASA's data and tools are free to the public. On this page, you can find:

& Links to available NASA data and tools
& Other free data and toclsets

& Tuterials to get you started

For more general resources that may be of interest, ple

And if you are brand-new to working with satellite data, please visit our Getting Started

page, which will orient you te the uses, as well as the imits of satellite data

Flawchart of Resources and Data Products

The Flowchart of Resources and Data Products for Health and Air Quality Applications with an Emphasis on Sateliite Data is intended to be a
resource for users that are interested in using satellite data but are new to the data products and their capabilities. This document contains

a flowchart that will guide users from a general question or need to a specific resource. For brevity this document focydes on the United

States, but this rescurce will be extended to provide data preducts for global applications. Access it here,
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Flowchart of Resources and Data Products for
Health and Air Quality Applications with an
Emphasis on Satellite Data

Jennifer McGinnis
Tracey Holloway
lenny Bratburd

Nelson Institute Center for Sustainability and the Global Environment
University of Wisconsin-Madison
Madison, Wi 53726
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. Flowchart of Satellite Data Resources for
AAGQAST Health and Air Quality Applications

* Goal: Guide users from a general question to a specific

resource

e Current Platform: 54-page clickable document
* End Points: HAQAST tutorials, ARSET tutorials, websites, and

publications

Started

Getting .,

Keep
Going

Almost
-
There

Jennifer McGinnis, Tracey Holloway, and Jenny Bratburd
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locations ' e If the user determines they would like a

map showing smoke, dust, or fire locations,
they will be guided to Aerosol Watch!® and
NASA Worldview.'® Aerosol Watch is a web-

based platform where the user can map
satellite imagery and the smoke or dust
mask for the day of interest. NASA
Worldview is a web-based platform that can

¥ - - . show satellite detections of fires for any day
Ul e the user chooses. Additionally, there is a
concentrations or throughout the day of ) )
properties of particulate pollutant or tutur[al for Wcrldwew.nn the HAQAST
matter at a single time smoke/dust plume website. For this tutorial see (1) on page 53.

18 Aerosol Watch - https://www.star.nesdis.noaa.gov/smcd/spb/aq/AerosolWatch/
13 NASA Worldview - https://worldview.earthdata.nasa.gov/
20 Air Now Interactive Map - https://gispub.epa.gov/airnow/

* * * Tutorials and Suggested Readings
1) https://hagast.org/data-and-tools/




" T . The Basics of Satellite Data for Smoke and Fire

— HAQAST Outresch Manager Dr. Dasgan Miller shares he you can bagin using satelite data 1o analyre smeke from wildise evenls, Thedns ane
Tutorials two parts to this tutorial. The image referenced at the end of the second video can be found here. Please visit the US Fonest Senvice™s AirFirg

Resparch Tesm st Alrfing arg for mane information

MASH Worldviow

Wmch on 2 Youlube

MASA GIDWVANKI NASA Worldview for Fire

33 o Dr, Daagan Ml plias WASA'S

Workdview for wildfine and smoke

abdarvatiang. Pleass visit the LIS Forest
Service's AlrFine Research Team at

Ajrfire.org for maore infommation

Waich on B Teslebe
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Figure 11a: MODIS Terra True Color satellite image with HMS Fire detection at 5:00 PM M5T on August 31, 2017.
(source: hitps://airnowtech.org/navigator)

From Colorado Wildfire Ozone EED for September 2017
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haqast.org Getting Started Is Easy

ﬁﬁf NASA HEALTH AND AIR QUALITY i
APPLIED SCIENCES TEAM

Connecting NASA Data and Tools with Health and Air Quality

H AQ A S T Stakeholders

About People ~ Projects ~ News - Tools and Resources ~ Meetings ~ Contact ~

Get Involved

HAQ Community
. Forum

Our mission is to bring the power of NASA

science down to earth and deliver i




Health and Air Quality Community Forum

HAQ

— Health and Air Quality Community Forum @

* Browse already
asked questions

k, Seavch

 Create a profile to

Y| Wt Frigedly Alr Quakity Teals : gy, o ani s Kl pOSt a qUEStlon Or

7] Muthod Suggestions and Advice for Ressanch . - . o gty e answer a questlon
-

. gl * All levels of expertise
e e @y are welcome!
Upcoming Event = ﬁ' .

https://haq.community.forum/

Jennifer McGinnis, Jenny Bratburd, and Community!!



EA RT H DATA Data Topics Learn Engage About @

OPFEN ACCESS FOR OPEM SCIENCE

XX
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‘ Your Gateway to NASA Earth Observation Data

The Earth Science Data Systems (ESDS) Program provides full and open access to NASA's
collection of Earth science data for understanding and protecting our home planet, Begin
your Earthdata exploration by clicking on any of the discipline icons above.

Get Started | ‘ Find Data ‘ | Lise Data

https://www.earthdata.nasa.gov




AT SESASTONS. DOSLEGRAL DEMSERVATHIN, HEALTH & AIR SUELITY

WROFEES. DL

ARSET - Satellite Observations and Tools for Fire Risk, Detection, and Analysis
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https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
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https.//earthobservatory.nasa.gov/images/91234/satellite-tracks-ozone-pollution-by-monitoring-its-key-ingredients
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Table 1z Overview of ease of use (green/E: easy, yvellow/M: mediom, redT): difficult; based on author
Judgement for users withoul programming experence), analysis capabilities and datasets available
relevant to orone sensitivity analysis including temporal averaging, division across vaniables, and
mclusion of TROPOMI data (green™': yes, red™: no) of live satellite data visualhizahon lools: NASA
Worldview, NASA Giovanni, NASA Panoply, Google Earth Engine, and flexible data analysis software
mcluding Python, 11, B, Matlab, and other related environments.

Allows Alfows
Ease of Use | time uwmgmg division among
2+ dg variahles

T

Tncludes
TROPOM!

NASA
Waorldview

NASA

Criovanmi

Satellite Data to Inform Ozone Sensitivity:

A Practical Methodology
Using Google Earth Engine

Panaply

Google Earth
Engine

Python, IDL,

R, Mailab, etc. by Jennifer McGinnis, Tracey Holloway, Jenny Bratburd, Madankui Tao,
and Arlene Fiore

Evaluating ozone sensitivity to emissions of its precursor gases with satellite data has
evolved into a cutting-edge and increasingly popular application of remote sensing
for health and air quality Google Earth Engine offers a practical, user-friendly
platform to suppaort this analysis amywhere in the world wsing data from the TROPOMI
instrument.



Ozone Daily AQ Values in 2022
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Figure 4: Becanse the quality assuramce of NO; is more selective than that of HCHO, in some areas there
are a different number of available davs of NOy in comparison 1o HCHO. However, a mask was applied
mask was applied 1o ensure at least 10 pixels of NO; data and HCHO data were temporally averaged
before calculating the ratio. () FNR average of all days duning the ozone season. Over New York City
(left), 153 davs were plotted (mean of 112 days of MO and 127 days of HCHO available per pixel). Owver
Denver (night), 153 days were plotied (mean of 105 days of NO: and 109 days of HCHO available per
pixel). (b) FNRE on days categonized as lower-ozone days during the ozone season. Over New York City,
141 days were plotted (mean of 100 days of NO; and 114 days of HCHO available per pixel). Over
Denver, 118 days were plotted (mean of 72 days of KO- and 76 days of HCHO available per paxel). (c)
FNR on days categonzed as higher-ozone days during the ozone season, Over New York City, 12 days
were photted (mean of 12 days of NOy and 12 days of HCHO available per pixel). Over Denver, 35 days
were plotted (mean of 32 davs of NO- and 32 days of HOHO available per pixel).




Plotting the Ratio of TROPOMI
Formaldehyde and Nitrogen Dioxide
Satellite Data: An Indicator of
Ozone Sensitivity

User friendly tutorials using Google Earth
Engine to plot the ratio of formaldehyde to
nitrogen dioxide that can be used to assess ozone

sensitivi ty.

Apr 20, 2023

Tutorial: Google Earth to calculate
ozone indicator ratios in your city,
state or region

https://hollowaygroup.org/tutorials

Jennifer McGinnis



Allows Allows
time averaging | division among
2+ de variables

Includes

Ease of Use TROPOMI

NASA

Worldview

NASA

Criovanni

FPanoply

Google Earth
Engine

Can this be M
too??

Python, IDL,
R, Matlab, eic.

Satellite Data to Inform Ozone Sensitivity: A Practical Methodology Using Google Earth Engine Accepted - EM for

Special Issue on Ozone

Authors: Jennifer McGinnis, Tracey Holloway, Jenny Bratburd, Madankui Tao, and Arlene Fiore
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Python Tutorials for Atmospheric
and Geophysical Sciences

Designed for undergraduate and graduate
students with no or minimal prior coding
experience, these atmospheric and geophysical
science Python tutorials are targeted toward
students with an interest in air quality and the

atm usphf:ric sciences.

I3

Tutorial: Learn to use Python in 8
user-friendly tutorials

https://hollowaygroup.org/tutorials

Tutorial 1 (intro): 94
Tutorial 2 (tables and lists): 74
Tutorial 3 (plotting): 53
Tutorial 4 (maps with Cartopy): 49
Tutorial 5 (functions/loops): 40
Tutorial 6 (netCDF and Xarray): 53
Tutorial 7 (plotting/selecting netCDF coords): 44
Tutorial 8 (remote data): 40

Alicia Hoffman and Gesangyangji
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* June 4 -5, 2024 in Boston/Cambridge
* Public, hybrid meeting

HAQAST
Massachusetts

* Dialogue with stakeholders & scientists
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