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Part 2 Objectives

By the end of Part 2, partficipants will be able to:

« |dentify remote sensing data products which are most relevant to assessing EJ
related to air quality and pollutant exposure

* Articulate the benefits and limitations of using remote sensing data to assess EJ
concerns related to air quality

u NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications




L.

Based on the review of environmental justice applications for
remote sensing data presented in Part 1, what was the most
common category for the studies discussed?

A: Light Pollution
B: Temperature and Urban Heat

C: Access to Green Space
D: Air Pollution

m E: Flooding or Drought

u NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications
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Review of Prior Knowledge

L.

Past applications of satellite data to investigate environmental justice issues:

— air pollution (focus of today'’s fraining)

— green space

— extreme temperatures (heat & cold)

— drought, flooding, and water access

— light at night

« Satellite remote sensing data can be combined with socio-economic information
to provide evidence of disparities, inequality, and environmental injustice.

« Advantages of using satellite data to investigate environmental justice include
their wide spatial coverage and long data records.

« Limitations of using satellite data to investigate environmental justice include
spatial resolution, temporal frequency, and validation against ground data.

u NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 6 ‘




How to Ask Questions

L.

» Please put your questions in the Questions box and we will address them at the
end of the webinar.

» Feel free to enter your questions as we go. We will try to get to all of the questions
during the Q&A session after the webinar.

 The remainder of the questions will be answered in the Q&A document, which will
be posted to the training website about a week after the training.

u NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications
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Background on Air Quality and its Health Impacts




The Scale of the Global Air Quality Problem

« Poor air quality is the number one
environmental and occupational risk

factor for premature death globally.
7 MILLION
« Air pollution is estimated to be Rl

from both outdoor

responsible for about 7 million o

premature deaths each year.

REGIONAL ESTIMATES ACCORDING

« Air pollution also has many negafive PO e R

economic impacts as well, for
example, crop damage due to near-
surface Ozone.

« Air pollution improvements can have
numerous co-benefits, especially in
greenhouse gas emission reductions.

Alr Pollution — silent killer. World Health Organization.

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications

CLEAN AIR FOR HEALTH
Sources: Global Burden of Disease. University of Washington Institute for Health Metrics and Evaluation.

AIR POLLUTION - THE SILENT KILLER

Air pollution is a major environmental risk to health.
By reducing air pollution levels, countries can reduce:

More than 2 million

in South-East Asia Region

More than 2 million

in Western Pacific Region
1 million
in Africa Region

500 000

deaths in Eastern Mediterranean Region

Nfrig, @ 500000

deaths in European Region

=

), World Health
¢ Organization

#AirPollution

9'


https://www.healthdata.org/gbd
https://www.who.int/multi-media/details/air-pollution-silent-killer

Air Quality Standards

US Environmental Protection Agency

-

National Ambient Air Quality Standards

PMy 5 annual 12 ug/m3
(fine particulates) }
% daily 35 ug/m3
S =1 | PMy
o (coarse particulates) .
< daily 150 ug/m3
Pb 3-month 0.15 ug/m3
NO, annual 53 ppb
hourly 100 ppb
SO, 3-hour 500 ppb
hourly 75 ppb
O3 8-hour 70 ppb
CcO 8-hour 9 ppm
hourly 35 ppm

Sources: NAAQS Table. US Environmental Protection Agency.
What are the WHO air guality guidelines? World Health Organization.

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications

World Health Organization
2021 Air Quality Guidelines

annual
daily
annual

daily

annual
daily
daily

8-hour
peak season

daily

5 pug/m?*

15 ug/m3
15 ug/m3
45 ug/m3

10 ug/m3
25 ug/m?
40 ug/m3

100 ug/m3
60 ug/m3
4 mg/m3



https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.who.int/news-room/feature-stories/detail/what-are-the-who-air-quality-guidelines

The Air Quality Index and Pollutant Concentrations

* An Air Quality Index is used to convey air et Deseription | ey | o aiomur
quality information to the public. [g/m?] “lopb]

* Different countries use different indices.

« US EPA AQl is calculated separately for
each criteria pollutant.

 The highest AQI across all criteria 51 — 100 Moderate 121 —35.4 55 _ 70
pollutants is the reported AQI.

* Measured AQI are based on the previous
day’s measurements, and only for the
pollutants measured by each station.

using the most recent hourly data.

* Forecast AQI usually also covers Ozone
and PM, :, based on multiple data sources Rl EVEYRU L TN R T NC T 1510 W7/ R o P 010
and forecaster judgement.

 AQlis informational but not regulatory.

Hazardous

Source: Technical Assistance Document for the Reporting of Daily Air Quality. US Environmental Protection Agency.
NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications



https://www.airnow.gov/publications/air-quality-index/technical-assistance-document-for-reporting-the-daily-aqi/

Characterizing Air Pollution Exposure

Ground-based monitors Sensor networks Models - statistical and physical Satellite remote sensing
m —% .
Longitude y

EQ
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The Global Air Quality Data Gap

* Most regions have fewer
than 10 regulatory air
quality monitors per
million people for PM, 5
(and generally fewer for
other pollutants).

* Densifies vary greaftly
regionally; regions with
higher concentrations
tend to be less well
monitored.

* Low-cost sensors
Increase monitor density
by up to ten times in
some regions.

* This may still be

insufficient in areas with
highly variable pollution.

PM, 5 Annual Average Concentration [ug/m?3]

120 Continent
® Oceania
Western Africa_ ® Europe
100° ' ® Americas
Northern Africa Southern As ® Asia
80 - o> outhern Asia o Africa
e v— e—> Western Asia Population [Billions]
entral Africa
] 0.4
60 Eastern Asia g
o—> ® 0.8
Central Asia _
40 - PN ® > > Southern Africa ® 1.2
Eastern Africa > ‘ 1.6
South-East Asia .
20 i ° Caribbean ﬁ ECentra' Amenca MOnltor Tvpe
> South 2" North America| @®  Regulatory
Melanesia : = > ]
0 America Australia & New Zealand » Regulatory & Low-Cost
. S : S
102 1071 10° 10? 102

PM, s Monitors per Million People

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications

Source: Malings et al. (2022) Forecasting with the GEOS-CF System and Other NASA Resources to Support Air Quality Management.
Proceedings of the International Conference on Air Quality in Africa.



Local Data Gaps and Spatial Variability

N~ g L
« Only about a third of US counties Pons TS S=
have regulatory air quality monitors. \ |11 \
« Only 60% of census urban areas & win ;r' T
have regulatory air quality monitors. ulatory Monitc
« Pollutants may vary on small spatial | s ¥ v
scales due to their sources and 1@:;_ 1 c!lm-_, 0.4 ppb &
atmospheric lifetimes. A = malii LJ - N B
« Pollutants with longer lifetimes will peaay==1HI TS T [ L
be more spatially uniform and i 51 ||:J'_ O S [,

temporally consistent.

s T "
5 1 km Oakland, California ] - 0

Sources: Do you have outdoor air monitoring data for all counties in the U.S.2 US Environmental Protection Agency.
Apte et al. (2017) High-Resolution Air Pollution Mapping with Google Street View Cars: Exploiting Big Data. Env. Sci. & Tech. ‘
14
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https://www.epa.gov/outdoor-air-quality-data/do-you-have-outdoor-air-monitoring-data-all-counties-us
https://doi.org/10.1021/acs.est.7b00891

Characterizing Air Pollution Exposure

Ground-based monitors Sensor networks Models - statistical and physical Satellite remote sensing
m —% .
Longitude y

EQ
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Basics of Air Quality Remote Sensing




Relevant Prior ARSET Introductory Training

« ARSET - An Inside Look at How NASA Measures Air Pollution
« ARSET - Un Vistazo a Como Ila NASA Mide la Contaminacion del Aire

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 17



https://appliedsciences.nasa.gov/join-mission/training/english/arset-inside-look-how-nasa-measures-air-pollution
https://appliedsciences.nasa.gov/join-mission/training/spanish/arset-un-vistazo-como-la-nasa-mide-la-contaminacion-del-aire

The NASA Earth Observing Fleet

NASA (and other
space agencies)
operate Earth
observation
satellites.

These satellites
provide remotely
sensed retrievals
of geophysical
quantities.

These can be
interpreted, with
the aid of physical
and atmospheric
chemistry models,
to inform us about
surface air quality.

CYGNSS (8) == NISTAR, EPIC
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Source: NASA Earth Science
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https://science.nasa.gov/earth-science

Principles of Remote Sensing for Air Quality

L.

e Saftellites measure backscattered UV,

visible, and IR radiation from the Earth’s Solarradiation

surface and atmosphere. de:gglﬁ% oy ”\
* Retrieval algorithms use radiation attenuated by y / ;

measurements and physics-informed absorption & /

models to infer geophysical quantities scattering v /1

such as optical depth, particle number / 1/

density, or partial pressure.

* Aerosol Optical Depth for all aerosols in
the atmosphere is calculated using the
measured scattering and absorption of
visible light at certain wavelengths.

* Unique “spectral fingerprints” for the
radiation absorption of certain trace
gases are used to retrieve the trace gas
total column density.

Source: ARSET - Fundamentals of Remote Sensing. NASA Applied Remote Sensing Training Program (ARSET).
NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications



http://appliedsciences.nasa.gov/join-mission/training/english/arset-fundamentals-remote-sensing

Typical Satellite Orbits

e Sun synchronous orbit ~600-1,000 km  Orbit ~36,000 km above the Equator with
above Earth passing close to the North the same rotational period as Earth
and South poles with passes at similar . Appears ‘fixed' above Earth, offering a
local solar fime each day continuous daytime view of its hemisphere
* Most instruments achieve full global or field of regard
coverage every 1-2 days. .

Always observes in the same hemisphere

Source: Gupta, P.; Follette-Cook, M.; Strode, S.; Malings, C. (2023). ARSET - NASA Air Quality-Focused Remote Sensing for EPA Applications.
NASA Applied Remote Sensing Training Program (ARSET).

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 20



http://appliedsciences.nasa.gov/join-mission/training/english/arset-nasa-air-quality-focused-remote-sensing-epa-applications

Multispeciral and Hyperspeciral Instruments

 Multispectral instruments have
larger spectral band widths.

e Coarser spectral resolution is :
: : : Hyperspectral band width: ~0.5 nm (TROPOMI
suitable for detecting certain yPersp W ( )

. . | 39

prominent atmospheric features. o o |9 > SCIAMACHY/TROPOMI! |
« Aerosol optical depth at ~550nrm 2  le——om = GOME-2/TEMPO

wavelength is generally well suited & 06 1 MODIS .

for measuring ambient particulate & 04 -

[}

mafter. X 02+ i
 Hyperspectral instruments have 0!

smaller spectral band widths. 400 600 800 1000 1200 1400 1600  180C
 This higher spectral resolution is Wavelength [nm]

necessary for distinguishing the Multispectral band width: 10-50 nm (MODIS)

absorption spectra of different
trace gases.

Source: Gupta, P.; Follette-Cook, M.; Strode, S.; Malings, C. (2023). ARSET - NASA Air Quality-Focused Remote Sensing for EPA Applications.
NASA Applied Remote Sensing Training Program (ARSET).

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 21



http://appliedsciences.nasa.gov/join-mission/training/english/arset-nasa-air-quality-focused-remote-sensing-epa-applications

Spatial Resolution: Improvements Over Time

Source: Gupta, P.; Follette-Cook, M.; Strode, S.; Malings, C. (2023). ARSET - NASA Air Quality-Focused Remote Sensing for EPA Applications.
NASA Applied Remote Sensing Training Program (ARSET).

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 22
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Spatial Resolution: Improvements Over Time

s 1 o - -

TROPOMI Tropospheric NO, OMI Tropospheric NO,

4+

Source: Goldberg, Anenberg, Kerr, Mohegh, Lu, Streets (2021) IROPOMI NO, in the United States: A Detailed Look at the Annudl
Averages, Weekly Cycles, Effects of Temperature, and Correlation With Surface NO, Concentrations. Earth's Future. ‘
23
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https://doi.org/10.1029/2020EF001665
https://doi.org/10.1029/2020EF001665

Spatial Resolution: Room for Improvement Remains

L.

[add] “ON

e - 3.1 4 1} " y == 10
P m ==
“V'.m--: = , ”
AN Ll '
Oakland, California O

N ‘: 1 km .
Source: Apte et al. (2017) High-Resolution Air Pollution Mapping with Google Street View Cars: Exploiting Big Data. Env. Sci. & Tech.
NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 24



https://doi.org/10.1021/acs.est.7b00891

Spatial Resolution: Room for Improvement Remains

TROPOMIENOL PiXENmeomims)

L

Source: Apte et al. (2017) High-Resolution Air Pollution Mapping with Google Street View Cars: Exploiting Big Data. Env. Sci. & Tech.
NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 25
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Spatial Resolution: Room for Improvement Remains

TEMP.OIN®ZiRixel(inemiinal)

TENVPOINCZRixeEIRine miimal)

L

Source: Apte et al. (2017) High-Resolution Air Pollution Mapping with Google Street View Cars: Exploiting Big Data. Env. Sci. & Tech.
NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 26
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Advan’rages of Satellites for Air Quqll’ry Appllcahons

TROPOMI NO, T aobt
JJA 2022 § <[
3 |
E 15F =
"eo ¢ o ..0 * o
~ 10 % LIS [ \.o
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0 . 3
S af
S 2pH
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7] . IR - \" .o Y Tae N
§ 6k e o ¢ SoP ‘e 0 ° ,O. ° ‘.'.‘:\.\::\'..’f .0. .'.‘**.'. ao? o=
. . 2 -8} Washlngton -D.C. ( -50.645.1 /)
| — 10" cm™
0 1 2 4+ 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

 Examine a large area wﬂh one instrument: spatial variability, hotspots, fransport

* Track changes over time: instruments with longer data records can quantify
trends, including changes due to policy interventions.

* Improving spatial resolution: modern instruments can distinguish infra-urban
variations & major point sources, but not yet “block-scale” variability.

Sources: fropomino2.us. The George Washington University Milken Institute School of Public Health. (left)
NASA GSFC Nitrogen Dioxide Trends for World Cities (right) ‘
27
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https://tropomino2.us/
https://airquality.gsfc.nasa.gov/no2/world

Limitations of Satellites for Air Quality Applications

Satellite does not measure air pollution
directly but measures spectral radiances

atmosphere o S 10 km? vertical column
A T : measurement

Surface Layer

Earth's Surface

bare soil pavement built up area

* Night: most satellite instruments require sunlight to make their re’rrlﬁevols o
« Clouds & Smoke: most instruments are blocked by clouds and dense smoke.
* “Nose Level”: most measure the whole atmosphere, not just the surface.

« Overpass Time: polar-orbiting satellites observe a location about once per day at
‘ similar local times (geostationary satellites can observe throughout daytime).

] Source: Gupta, P.; Follette-Cook, M. (2018). Satellite Remote Sensing of Air Quality. NASA Applied Remote Sensing Training Program (ARSET).

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 28



https://appliedsciences.nasa.gov/join-mission/training/english/arset-satellite-remote-sensing-air-quality

L.

| want to investigate how gaseous transportation-related air
pollutants like NO, and CO might vary in different communities

throughout the course of the day.
What kind of satellite instrument should | be looking for?

A: Geostationary Multispectral Instrument

B: Geostationary Hyperspectral Instrument
C: Polar-Orbiting Multispectral Instrument

) D: Polar-Orbiting Hyperspectral Instrument

u NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications
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| want to investigate how gaseous transportation-related air
pollutants like NO, and CO might vary in different communities

throughout the course of the day.
What kind of satellite instrument should | be looking for?

A: Geostationary Multispectral Instrument

v B: Geostationary Hyperspectral Instrument
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Satellite Data Processing Levels

Level 0: Raw data

Level 1: Geo-referenced
raw data

Level 2: Derived
geophysical variables (e.g.,
column concentrations)

Level 3: Data re-mapped to
uniform space & fime grids
(usually with recommended
quality controls)

Level 4: Data from multiple
sources combined together
(e.qg., satellite & model)

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications
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1001010010100101001010100101001001010010100100000010
0100100100110010100101001010010100101001010010100100
1010100101010100110010100101001010010010100101001010
0110101010010100100000101010101011111100110010100101
0010010101010010100101000101000001011111100101001010
0101101101010100101001010010110010100000010100110010
0010101010010101010010101010010100101010010101001001
0100101001010010100101010010100100101001010010000001
0010010010011001010010100101001010010100101001010010
0101010010101010011001010010100101001001010010100101
0011010101001010010000010101010101111110011001010010
1001001010101001010010100010100000101111110010100101
0010110110101010010100101001011001010000001010011001

Source: Data Processing Levels. NASA EarthData.


https://earthdata.nasa.gov/collaborate/open-data-services-and-software/data-information-policy/data-levels

Satellite Data Processing Levels

Mean VIIRS emissive band (4.05 microns) radiance within CrIS FOV, First FOV, Granule 192, 6/8/2020

e Level 0: Raw data

e Level 1: Geo-referenced
raow data

 Level 2: Derived
geophysical variables (e.g.,
column concentrations)

 Level 3: Data re-mapped to
uniform space & fime grids
(usually with recommended
quality controls)

 Level 4: Data from multiple
sources combined together
(e.g., satellite & model)

Mean VIIRS emissive band radiance within CrlS FOV (W/(m2 sr um))

Sources: Data Processing Levels. NASA EarthData. 0.0 03 ' 06 o9 12 15
S-NPP CrlS IMG: Collocated VIIRS level 1 / cloud mask statistical summary V2. NASA GES DISC. ‘
32

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications



https://earthdata.nasa.gov/collaborate/open-data-services-and-software/data-information-policy/data-levels
https://disc.gsfc.nasa.gov/datasets/SNDRSNCrISL1BIMG_2/summary

Satellite Data Processing Levels

Copernicus TROPOMI Nitrogen Dioxide Product (Orbit #9397)
* Level 0: Raw data ”ﬁ =

e Level 1: Geo-referenced N
raow data

* Level 2: Derived 3 éﬁ
geophysical variables (e.g., - A
column concentrations) LN 3 F "‘
 Level 3: Data re-mapped to
uniform space & fime grids T!L
(usually with recommended z

quality controls) k
 Level 4: Data from multiple
sources combined together |\ _’_if\

(e'g" safellife & mOdel) 4 Tropospheric vertical column of nitrogen dioxide (10™-4 mol m-2) >
l . . : , _

0.0 0.4 0.8 1.2 1.6 2.0

—r -

Sources: Data Processing Levels. NASA EarthData.
Sentinel-5P TROPOMI Tropospheric NO?2 1-Orbit L2 5.5km x 3.5km. NASA GES DISC. ‘
33
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https://earthdata.nasa.gov/collaborate/open-data-services-and-software/data-information-policy/data-levels
https://disc.gsfc.nasa.gov/datasets/S5P_L2__NO2____HiR_1/summary

Satellite Data Processing Levels

® I-evel o: R OW d O TO Time Averaged Map of Aerosol Optical Depth 550 nm monthly 1 deg. [SeaWiFS SWDB_L3M10 v004]

~ over 2001-Apr, Region 180W, 90S, 180E, 90N

e Level 1: Geo-referenced
raw data

0.89

* Level 2: Derived
geophysical variables (e.g.,
column concentrations)

0.778

0.667

0.556

0.445

 Level 3: Data re-mapped to
uniform space & fime grids
(usually with recommended
quality controls)

0.334

0.222

0111

 Level 4: Data from mulfiple
sources combined together
(e.qg., satellite & model)

f Sources: Data Processing Levels. NASA EarthData.
. SeaWiFS Deep Blue Aerosol Optical Depth and Angstrom Exponent Monthly Level 3 Data. NASA GES DISC. ‘
34
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https://earthdata.nasa.gov/collaborate/open-data-services-and-software/data-information-policy/data-levels
https://disc.gsfc.nasa.gov/datasets/SWDB_L3M10_004/summary

Satellite Data Processing Levels

e Level 0: Raw data

e Level 1: Geo-referenced
raow data

 Level 2: Derived
geophysical variables (e.g.,
column concentrations)

 Level 3: Data re-mapped to
uniform space & tfime grids
(usually with recommended
quality conftrols)

 Level 4: Data from multiple
sources combined together
(e.g., satellite & model)

NASA/GMAO - GEOS CF Forecast Initialized on 12z 03/02/2022
Surface O,

180

Sources: Data Processing Levels. NASA EarthData.

120W 60W 0 60E 120E 180
000 hr forecast valid Wed 12z 2022-03-02

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

[PPBV]
Il L

FLUID visualization page for GEOS-CF surface Ozone forecast. NASA GMAO.
NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 35


https://earthdata.nasa.gov/collaborate/open-data-services-and-software/data-information-policy/data-levels
https://fluid.nccs.nasa.gov/cf/classic_geos_cf/?one_click=1&tau=000&stream=GEOSCFFC&level=0&region=global&fcst=20220302T120000&field=o3sfc
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Satellite Air Quality Data Products for EJ



Relevant Prior ARSET Advanced Training

« ARSET - MODIS to VIIRS Transition for Air Quality Applications

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 37



https://appliedsciences.nasa.gov/join-mission/training/english/arset-modis-viirs-transition-air-quality-applications

MODIS and VIIRS

Aquaq, Terra Satellites
1999, 2002

Moderate Resolution Imaging
Spectroradiometer

405 - 14385 nm
(IR, Visible)

36 Spectral Bands
0.5 -2 km pixel edge Spatial Resolution
1-2 Days Global Coverage
~ 10:30, 13:30 LST Local Overpass Time

h NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications

Launched

Instrument

Spectral Range

VIIRS

SNPP, NOAA-20, NOAA-21
2011, 2017, 2022

Visible Infrared Imaging
Radiometer Suite

412 -12100 nm
(IR, Visible)

22
0.75-1.5 km pixel edge
Daily
~ 12:30, 13:30 LST




MODIS and VIIRS: Air Quality Data Products ﬂ

. moDs VIIRS
True Color Image - True Color Image -

MOD/MYDO04_L2 (10km) AERDB_L2_VIIRS (6km)
Aerosol Optical MOD/MYDO04_3K (3km) Aerosol Optical AERDT_L2_VIIRS (6km)

Depth MCDI19A2 (Tkm) Depth JRR-AQOD (0.75km)

Gridded (1°) Gridded (1°)
VNP12IMGTDL_NRT
Fire Detection MOD/MYDO4A1 (1km) Fire Detection VJTT14MGTDL_NDT
(0.375km)

Smoke & Dust
Detection

h NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 39 ‘

JRR-ADP (0.75km)
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https://worldview.earthdata.nasa.gov/

Aerosol Optical Depth Retrieval Algorithms

Deep Blue (10km) Dark Target (10km) Dark Target (3km) MAIAC (1km)

MOD/MYDO04_L2 MOD/MYDO04_L2 MOD/MYDO04_3K MCDI19A2

Land only, | Land & water, Higher resolution, Highest resolution,
best for bright surfaces best for dark surfaces issues in urban areas combine Aqua & Terra

Source: NASA Worldview
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https://worldview.earthdata.nasa.gov/

VIIRS Smoke and Dust Index

| 1 I

1.0 2.0 3.0
Dust Aerosol Index

1.0 A
Smoke Aerosol Index

Source: NOAA JSTAR Mapper
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https://www.star.nesdis.noaa.gov/jpss/mapper

Satellite-Derived Surface PM, ;
=
« Examples of Level 4 products Estimated SUFfOJ(EJ?yPQI\(/)\%g concentration

« Combine satellite data with other
information (models, surface monitors)
to derive high spatial resolution maps
of surface PM, = (globally or locally)

* annual, monthly, and daily temporal
resolution (with different approaches)

« lkm (or sometimes finer) spatial
resolution
«  May lag significantly behind real-time

« Many datasets available through
NASA Socioeconomic Data and
Applications Center (SEDAC)

-l
(o)

T

-h
(62

Hybrid PM, p¢./m3l

N

- —

S W O O =

Van Donkelaar et al. (2021)

Sources: Diet al. (2019) An ensemble-based model of PM, s concentration across the contiguous US ... . Environmental International.
van Donkelaar et al. (2021) Monthly Global Estimates of Fine Parficulate Matter and Their Uncertainty. Env. Sci. & Tech. '
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https://sedac.ciesin.columbia.edu/
https://sedac.ciesin.columbia.edu/
https://doi.org/10.1016/j.envint.2019.104909
https://doi.org/10.1021/acs.est.1c05309

Aerosol Optical Depth (AOD) with Geostationary Instruments

20230606 1300 GOES-East

No Datag ¢

« Current geostationary satellites
provide high temporal resolution
(~10 min) full-disk imagery

« Multiple satellites form a global
constellation for AOD
— GOES-16 (East US, South America)
— GOES-18 (West US, Pacific)

— Himawari-8/9 (Japan)

— GEO-KOMPSAT-2A (Koreq)
— Fengyun-4 (China)

— GSAT (Indiq)

— Meteosat-12 (Europe, Africa)

* [nstrument capabilities vary

Source: NOAA Aerosol Watch
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https://www.star.nesdis.noaa.gov/smcd/spb/aq/AerosolWatch/

Surface PM, ; from Geostationary AOD

@ 20230606

20230606 1641 UTC
V¥ GOES-East Layers

V¥ GOES-West Layers

100 150 T
PM2.5 (ug/m?) . : o - ¥ VIIRS Layers (SNPP)

. g ¢ BT R N X ] S, (] + VIIRS Layers (NOAA-20)

V¥ TROPOMI Layers

[ v PM2.5 Layers

Sources: NOAA Aerosol Watch
Zhang & Kondragunta (2021) Daily and Hourly Surface PM, s Estimation from Safellite AOD. Earth and Space Science.
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https://www.star.nesdis.noaa.gov/smcd/spb/aq/AerosolWatch/
https://doi.org/10.1029/2020EA001599

Relevant Prior ARSET Intermediate Training

« ARSET - Accessing and Analyzing Air Quality Data from Geostationary Satellites

|
| NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 46



https://appliedsciences.nasa.gov/join-mission/training/english/arset-accessing-and-analyzing-air-quality-data-geostationary

Fire Detection

FIRNIST P o

Fire Information foigResalirce'Management Systerﬁ

Thermal Anomalies

 Detection of extreme temperatures
* Indicafive of active burning

* Thick smoke can block signal

*  May miss small fires

Fire Radiative Power (FRP)
 Rate of emitted radiative energy by a fire

Fire Radiative Energy (FRE)
 Time integrated FRP

e (Correlation between FRE and fire
emissions

Source: NASA FIRMS, 06 June 2023
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https://https/firms.modaps.eosdis.nasa.gov/

Relevant Prior ARSET Intermediate Training

e ARSET - Satellite Observations and Tools for Fire Risk, Detection, and Analysis

» ARSET - Observaciones de Satélites v Herramientas para el Riesgo, Deteccion y Andlisis de
Incendios

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 48 ‘


https://appliedsciences.nasa.gov/join-mission/training/english/arset-satellite-observations-and-tools-fire-risk-detection-and
https://appliedsciences.nasa.gov/join-mission/training/spanish/arset-observaciones-de-satelites-y-herramientas-para-el-riesgo

Upcoming Mission: Multi-Angle Imager for Aerosols (MAIA)

Targetable satellite instrument coordinated with surface PM measurements & health studies

%0 oo 0.
(= s o
2 ° 5";-:*\,'3 o O =« o
@ ¢
_0 _
o r/ . )
Primary Target Areas Secondary Target Areas

Source: MAIA Website
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https://maia.jpl.nasa.gov/

Relevant Prior ARSET Advanced Training

« ARSET - High Resolution NO2 Monitoring From Space with TROPOMI

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications


https://appliedsciences.nasa.gov/join-mission/training/english/arset-high-resolution-no2-monitoring-space-tropomi

L.

OMI and TROPOMI

OMI (NASA) R TROPOMI (ESA)

Aura Satellite Sentinel-5P
July 2004 Launched Oct 2017
Nadir-Viewing Imaging nstrument Nadir-Viewing Imaging
Spectrometer Spectrometer
264 — 504 nm Spectral Ranae 270 nm —-2.3 um
(UV/VIS) P 9 (UV/VIS/NIR/SWIR)
0.42-0.63 nm Spectral Resolution 0.55 nm
5.5 x 3.5 kmZat Nadir
13x24 km? at Nadir Spatial Resolution 7/ x 28 km? (UV1 Band)
7 x 7 km? (SWIR Bands)
Daily Global Coverage Daily
~ 13:45 LST Local Overpass Time ~ 13:30 LST

u NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 51 ‘



OMI and TROPOMI: Trace Gas Data Products ﬂ

Tropospheric and Swath, Gridded Tropospheric and Total Swath
Total Column NO, (0.25° and 0.1°) Column NO, (5.5 km x 3.5km)
Total Column SO, SWOT(hO' g‘,;jded Total Column SO, 5 5S>Zv3ogh|<m)
Swath, Gridded Tropospheric Column Swath
leirel Cellinni nCinfS (0.1°) HCHO (5.5 x 3.5 km)
Tropospheric and Gridded Tropospheric, Swath
Total Column O, (0.25°) Total Column O,, Profiles (5.5 x 3.5 km)
Carbon Monoxide (CO) (7 krTS]v)\zcg’rg km]
Swath
Methane (CH,) (7 km x 5.5 k)

h NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 52 ‘



Ozone

« Negative health impacts for . Y
humans, crops, and ecosystems

« |Important to fropospheric 80—
chemistry

* High stratospheric

. _; mesosphere
concentrations (Ozone layer) 3 .
mask more air-quality-relevant = - Ozone layer masks —
tropospheric concentrations near-surface signals
« Use of satellite Ozone is not < stratosphere
recommended for air quality | . troposphere
Opp“COTlOﬂS OT Thls hme 'A: i Ozone (parts per m | 1on) ’ .

Source: NASA Ozone Watch
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https://ozonewatch.gsfc.nasa.gov/facts/ozone_SH.html

Nitrogen Dioxide

* Surface sources: fire, agricultural burning,
transportation, industry, power generation

 High concenftrations in the planetary
boundary layer (PBL)

OMI: long data record
 OMNO?2 Level 2 product

« OMNO2g gridded product
e OMNO2d daily Level 3 Product

TROPOMI: high resolution
e S5P_L2 NO2__ HiR Level 2 product

o Tropospheric NO2 Column Density (10715 molecule/cm”™2)
Available from NASA Earthdata by <_ : [ ] ] I3
Ggreemen’r WITh ESA 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

Source: NASA GES DISC
NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications



https://disc.gsfc.nasa.gov/

Formaldehyde

* Precursor for Os; allows indirect
estimates for near-surface Oj
potential using HCHO/NO, ratios

HCHO/NO, < 1: VOC-Limited HCHO/NO2

Comparing HCHO and NO, from TROPOMI to determine
Ozone Formation Potential over the US

HCHO/NO, > 2-4: NOy-Limited 8

OMI: long data record 7

e OMHCHO Level 2 product 6
*  OMHCHOg gridded products I |5 '%'
e OMHCHOJ daily Level 3 product |, =
TROPOMI: high resolution =,

e S5P_ L2 HCHO__ HIR_2 3

* Available from NASA Earthdata -

by agreement with ESA 1

Source: Souri et al. (2023) Characterization of errors in satellite-based HCHO/NO?2 tropospheric column ratios with respect to
| chemistry, column-to-PBL translation, spatial representation, and retrieval uncertainties. Atmospheric Chemistry & Physics.

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications
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https://doi.org/10.5194/acp-23-1963-2023
https://doi.org/10.5194/acp-23-1963-2023

Sulfur Dioxide

* Satellites are generally
better suited to large
sources: volcanoes, codl
& oil burning, smelting.

OMI. long data record
e OMSO2 Level 2 product

e OMSO2e gridded product,
assumes near-surface
emissions: most relevant to
air quality applications

TROPOMI: high resolution
e S&6P_L2 SO2 HIR

 Available from NASA
Earthdata by agreement S o . Dy ,
with ESA TROPOMI SO, Plume (Iower Troposphere) from Mouno Loc Erup’rlon Nov 30, 2022

Source: NASA Worldview
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https://worldview.earthdata.nasa.gov/?v=-196.6628539938189,-5.445476174546538,-94.38577904505391,45.936578144952065&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,OMPS_SO2_Lower_Troposphere(opacity=0.8,palette=green_2),OMPS_SO2_Middle_Troposphere(hidden,opacity=0.8,palette=green_2),VIIRS_NOAA20_CorrectedReflectance_TrueColor,VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg=true&t=2022-11-30-T17%3A42%3A39Z

Carbon Monoxide and Methane

CO
*  Major precursor for Os

* Relafively long lifetime (~1-2
months) makes it a useful tracer B8

e TROPOMI: S&P_L2_ CO HIR
CH,
 Potent greenhouse gas

e “Super-emitter” point sources
(e.g., natural gas leaks)

e Distributed sources are hard to
quantify from the ground R SR S
(e.g., agriculture) B o

e TROPOMI: S5P |2 CH4 HiR TROPOMI CO from various wildfires, July 9, 2022
Source: NOAA JSTAR Mapper

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications 57 ‘


https://www.star.nesdis.noaa.gov/jpss/mapper/

Satellite-Derived Surface Trace Gases

Examples of Level 4 products 2010-2012 Average Surface NO, from

« Combine satellite data with other MACHY

information (models, surface monitors) -
to derive high spatial resolution near- ="~ .
surface trace gas concentration |

* Annual to daily temporal resolution
(with different approaches)

« 1lkm or finer (50m) spatial resolution

«  May lag significantly behind real-time

Data in NASA SEDAC

« Datasets are available through the Visualization in NASA Worldview
NASA Socioeconomic Data and
Applications Center (SEDAC)

Sources: Di et al. (2020) Assessing NO2 Concentration and Model Uncertainty with High Spatiotemporal Resolution... Env. Sci. & Tech.
Larkin et al. (2023) A global spatial-temporal land use regression model for nitrogen dioxide air pollution. Frontiers in Env. Sci. .
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https://sedac.ciesin.columbia.edu/
https://sedac.ciesin.columbia.edu/
https://doi.org/10.1021/acs.est.9b03358
https://doi.org/10.3389/fenvs.2023.1125979
https://sedac.ciesin.columbia.edu/data/set/sdei-global-3-year-running-mean-no2-gome-sciamachy-gome2
https://worldview.earthdata.nasa.gov/?v=-472.5,-235.6875,472.5,235.6875&l=Reference_Labels_15m(hidden),Reference_Features_15m,Coastlines_15m,Ground_Level_Nitrogen_Dioxide_3_Year_Running_Mean_2010-2012,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg=true&t=2023-06-01-T15%3A23%3A33Z

Tropospheric Emissions: Monitoring of POllution (TEMPO)

0809 1000 UTC

TR

<

Geostationary instrument providing hourly trace gas products over North America
Launched April 7, 2023, Level 2 & 3 data products expected April 2024

Sources: Animation provided by Aaron Naeger, TEMPO applications & early adopter program
TEMPO Website

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications



https://weather.ndc.nasa.gov/tempo/

L.

| want to track irends in particulate matter from 2000 to 2020,
comparing averages across US states to see if different state-level
policies have had different impacts on particulate concentrations.

Which of these satellite instruments would be my best choice?

A: MODIS
B: VIIRS
C: OM
) D: TROPOMI

u NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications




L.

| want to track irends in particulate matter from 2000 to 2020,
comparing averages across US states to see if different state-level
policies have had different impacts on particulate concentrations.

Which of these satellite instruments would be my best choice?

v A: MODIS
B: VIIRS
C: OM
) D: TROPOMI
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Accessing & Visualizing Remote Sensing Data




NASA Worldview

« Application that allows the user to:
— Interactively browse, save, or share satellite imagery layers
— Download the data

« Some imagery available in near real fime (NRT) or within 3 hours of observation
| 1 ORLDVIEW : = — . IBB

1 DAY
2023 JUL 13 ¢ Dl @
MAY 2023 JUL 2023

https://worldview.earthdata.nasa.gov/
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https://worldview.earthdata.nasa.gov/

NASA Worldview Take a Snapshot and Download Image

Share Image

vasa \X/ORLDVIEW

2 & layers M Events ¥ Data A

| View Layers, Events,
ST © O Download Data

| REFERENCE

e
Coastlines p
£ © OpenStreetMap contributors

BAS E LAYERS

Corr 1ce (True Color) Yty 8 ) ! :“
: \& d t._'r‘ 1 45‘1;‘:
N »
8 Add Image Layers &
5
\ - &
2 Start Comparison . .

-

Choose Date " : — S
ahd. Time ﬁ Create an Animation

1 1 DAY
2023 JUL 13 ( u

https://worldview.earthdata.nasa.gov/
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https://worldview.earthdata.nasa.gov/

NASA Worldview: True-Color Imagery

s WORLDVIE\X/
E g Layers g Events H DETCIE g

§ REFERENCE

¥
¥

.-

BASE LAYERS

:
©
. R
=

Corrected Reflectance (True Color)
Suomi NPP / VIIRS

I Y| Group Similar Layers

% + Add Layers Start Comparison

“54°16,635!N; -81239.931'W. ERSG:4326

1 DAY

2023 JUN 06 ( ) )I [ [

\__1 a ., ~w LT bl

N1tps: //worldwew earthdata.nasa. qov/

1MAY 2023 : | JUN 2023 ¢ = IUL 2023
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https://worldview.earthdata.nasa.gov/

NASA Worldview: Compare Multiple Layers

#

xasa \X/ORLDVIEW

g Layers E Events & Data

[ REFERENCE

A%}

_

Coastlines
© OpenStreetMap contributors

S AND THERMAL ANOMALIES

Fires and Thermal Anomalies (Day,
375m)

Suomi NPP / VIIRS

. Fire

AEROSOL OPTICAL DEPTH

Deep Blue Aerosol Optical Thickness
(Land and Ocean)

Suomi NPP / VIIRS v1.1STD

< 0.0

5.0

BASE LAYERS

_

E Corrected Reflectance (True Color)

Suomi NPP / VIIRS

¥ Group Similar Layers

2023 JU

N

hitps:/

+ Add Layers Start Comparison

1 DAY

N06 € ) Dl me

o T NI

/worldyv

iw.eor’rhdo’ro.noso.qov/
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https://worldview.earthdata.nasa.gov/

NASA Earthdata Search

A “one stop shop” for searching and downloading NASA Earth datasets

— Filter & Search data products by keyword, instrument, processing level, efc.
— Subset datasets in space and time
— Generate lists of file names for download

& EARTHDATASEARCH

Search for collections or topics &
B o =

% Browse Portals ©

Y Filter Colles

Features A~

Available in Earthdata Cloud

Customizable

Map Imagery
Keywords v
Platforms v
Instruments A
Showing Top 50 View All
AIRS 138
AMSR2 74
AMSR-E 100
Anemometer 83
Aquarius_Radiometer 138
Aquarius_Scatterometer 161
ASTER 56
ATMS 66
AVHRR 132

v23.25-2

WRsy EARTHDATA Find a DAAC -

- Search Time: 3.0s - NASA Official: Stephen Berrick - FOIA - NASA Privacy Policy - USA.gov

69 Matching Collections

E:Export  I= Sort i View H

Showing 20 of 69 matching collections

Sentinel-5P TROPOMI Tropospheric NO2 1-Orbit L2 5.5km x 3.5km —
V2 (S5P_L2__NO2____HiR) at GES DISC o
26,882 Granules 2018-04-30 ongoing & @O ® B [

&  Earthdata Cloud

Starting from August 6th in 2019, Sentinel-5P TROPOMI along-track high
spatial resolution (~5.5km at nadir) has been implemented. For data before...

GEQSS - S5P_L2__NO2___HiR v2 - NASA/GSFC/SED/ESD/GCDC/GESDISC

Sentinel-5P TROPOMI Tropospheric NO2 1-Orbit L2 5.5km x 3.5km
V1 (S5P_L2__NO2___HiR) at GES DISC

9,849 Granules 2019-08-06 to 2021-07-01 % @ O® B

&  Earthdata Cloud

Starting from August 6th in 2019, Sentinel-5P TROPOMI along-track high
spatial resolution (~5.5km at nadir) has been implemented. For data before...

GEQSS - S5P_L2__NO2___HiR v1 - NASA/GSFC/SED/ESD/GCDC/GESDISC

Sentinel-5P TROPOMI Sulphur Dioxide SO2 1-Orbit L2 5.5km x 3.5km
V2 (S5P_L2__SO2____HiR) at GES DISC

16,385 Granules 2020-07-13 ongoing & $#O® B

&  Earthdata Cloud

Starting from August 6th in 2019, Sentinel-5P TROPOMI along-track high
spatial resolution (~5.5km at nadir) has been implemented. Starting from Jul...

GEQSS-S5P_L2__S02___ HiR v2 - NASA/GSFC/SED/ESD/GCDC/GESDISC

A Subscriptions

€ Feedback (2]

a Carl &~

Canada

United States
of America

Mexico

Colombia

Brazil

Bolivia.

Earthdata Access: A Section 508 accessible alternative

hitps://search.earthdata.nasa.gov/search

NASA ARSET - Satellite Data for Air Quality Environmental Justice and Equity Applications
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https://search.earthdata.nasa.gov/search

NASA Earthdata Search Help/

Info

‘ € Feedback E

Save &
Access Past
Searches

I Keyword Search

Search for collections or topics o 69O N ——

Show Temporal/s pat'al . Export - Sort - View

Login to
Earthdata
§ Account

@ u =

H I
Sent S .5km x 3.5km
e Subsetting 7
i Browse Portals © 26,882 Granules 2018-04-30 ongoing &; € O® B I

& Earthdata Cloud

S ea rCh Y Filter Collections Starting from August 6th in 2019, Sentinel-5P TROPOMI along-track high
United States

Filters || ™ | Details on Available Datasets g e

Available in Earthdata Cloud

Customizable
Sentinel-5P TROPOMI Tropospheric NO2 1-Orbit L2 5.5km x 3.5km

Map Imagery V1 (S5P_L2__NO2___HiR) at GES DISC

9,849 Granules 2019-08-06 to 2021-07-01 & £ O® B

& Earthdata Cloud

Platforms Starting from August 6th in 2019, Sentinel-5P TROPOMI along-track high
spatial resolution (~5.5km at nadir) has been implemented. For data before...

I
Keywords ]

i Spatial Subsetting

Guat?®

Instruments :
GEQSS - S5P_L2__NO2___ HiR v1 - NASA/GSFC/SED/ESD/GCDC/GESDISC . E
Showing Top 50 " Edit/Delete Spatial Subsets
AIRS " o § olombia N
Sentinel-5P TROPOMI Sulphur Dioxide SO2 1-Orbit L2 5.5km x 3.5km -
AMSR2 74 V2 (S5P_L2__S02____ HiR) at GES DISC
AMSR-E 100 15,385 Granules 2020-07-13 ongoing & £ O W® B PrOJeCt|On Contr0|
H & Earthdata Cloud
Anemometer 8

Peru. ,

Starting from August 6th in 2019, Sentinel-5P TROPOMI along-track high
spatial resolution (~5.5km at nadir) has been implemented. Starting from Jul...

Aquarius_Radiometer

Aquarius_Scatterometer

ASTER 56

Zoom Control

ATMS 66 —

AVHRR 132 A Subscriptions
A\/HRR_2 12
v23.2.5-2 - Search Time: 3.0s - NASA Official: Stephen Berrick - FOIA - NASA Privacy Policy - USA.gov

Layer Options

native

hitps://search.earthdata.nasa.gov/search
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https://search.earthdata.nasa.gov/search

NASA Earthdata Search: Select & Download TROPOMI Data

¥ EARTHDATA Find a DAAC ~ A € Feedback (2}

¢ EARTHDATASEARCH

TROPOMI data for DC

20 Granules 1 Collection 11.3 GB @

Sentinel-5P TROPOMI Tropospheric
NO2 1-Orbit L2 5.5km x 3.5km V2
(S5P_L2__NO2 HiR) at GES DISC
20 Granules Est. Size 11.3 GB
§ Edit Options

Click “Edit Options” above to customize the
output for each project.

3 Download Data

Sentinel-5P TROPOMI Tropospheric " I

Mar

® Back to Search Carl &~

Sentinel-5P TROPOMI Tropospheric NO2 1-Orbit L2 5.5km x 3.5km V2 (S5P_L2__NO2_
Edit Options

© select a data access method

The selected access method will determine which customization and output
options are available.

Customize Harmony
Select options like variables, transformations, and output formats for in-
region cloud access.

More Info

@ Direct Download
Direct download of all data associated with the selected granules.

More Info

© configure data customization options

Edit the options below to configure the customization and output options for the
selected data product.

No customization options are available for the selected access method.

s A
@ Collection10f1 m

—
Apr May Jun Nov Dec Jan

v23.2.5-2 - Search Time: 6.2s - NASA Official: Stephen Berrick - FOIA - NASA Privacy Policy - USA.gov Earthdata Access: A Section 508 accessible alternative

hitps://search.earthdata.nasa.gov/search
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ASA Giovanni

« Allows the user to work with datasets without needing to download them
— Select & subset Level 3 & 4 (gridded) NASA data products
— Perform simple analysis (spatial & temporal averaging, differences
— Plot results (e.g., area colormaps, fime series, scatterplots, correlation plofs

Wasi EARTHDATA Find a DAAC ~ -

GIOVANNI The Bridge Between Data and Science v 4.38 Feedback Help Log out (carl_malings)

Select Plot Select Date Range (UTC) Select Region (Bounding Box or Shape)
Time Averaged Map YYYY - MM - dd 8 to | YYYY - MM-dd €8 -180, -90, 180, 90 Dex
Valid Range: 1948-01-01 to 2023-07-14

Please specify a start date.
Select Variables

viObservations Number of matching Variables: 92 0f 2030 Total Variable(s) included in Plot: 0

Please select at least 1 variable
(J Model (140) Keyword : [ | search | Clear |
Observation (92)

Variable Temp.Res. Spat.Res. Begin Date End Date Vert. Slice
isciplines
(AIRX3STD v006) bu 2002-08-31 2016-09-25 L

Ozone Total Column (Daytime/Ascendin Daily
[ Aerosols (138)

Atmospheric Chemistry (92)
() Atmospheric Dynamics (340)
O Hydrology (73)

(J Ocean Biology (31)

(J Oceanography (54)

(3 Water and Energy Cycle (110)

Ozone Total Column i (AIRX3STD v006) DU Daily 2002-08-31 2016-09-25

Ozone Total Column (Daytil i (AIRX3STM v006) bu Monthly 2002-09-01 2016-10-01

Ozone Total Column i (AIRX3STM v006) DU Monthly 2002-09-01 2016-10-01

Ozone Total Column (DOAS) (OMDOAO3e v003) DU Daily 2004-10-01 2023-07-11

NO2 Total Column (30% Cloud Screened) ~(OMNO2d v003) molecules/om2 Daily 2004-10-01  2023-07-11
» Measurements

» Platform / Instrument NO2 ic Column (30% Cloud Screened) (OMNO2d v003) P re— Daily 2004-10-01  2023-07-11

» Spatial Resolutions Ozone Total Column (TOMS-like) (OMTO3d v003) Daily 2004-10-01  2023-07-11

» Temporal Resolutions Ozone Total Column (TOMS-like) ~ (OMTO3e v003) Daily 2004-10-01  2023-07-11

» Wavelengths Carbon Dioxide, Mole Fraction in Free Troposphere  (AIRX3C2M v005) Monthly 2002-09-01  2012-02-29

AIRS3C2M v005 Monthl! 2010-01-01 2017-02-28
» Portal (ARSSGZM005) |

Ozone Total Column  (TOMSEPL3 v008) Daily 1996-07-22  2005-12-14

O
(]
O
O
O
O
O
O
0
O
O
O
O

Ozone Total Column  (TOMSMS3L3 v008) Daily 1991-08-22 1994-11-24
3

{ask~ NASA Offcial: Dave Meyer  Web Privacy Policy  Data Policy  PoweredBy A  Contact Us Plot Data

| hitps://giovanni.gsfc.nasa.gov/giovanni/
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NASA Giovanni

Choose Plot or @ Choose Date
Analysis Type l and Time

Choose Region
Of |ntereSt Feedback || Help

Select Plot Select Date Range (UTC) Select Region (Bounding Box or Shape) H el p / I n fo
Time Averaged Map v i YYYY - MM - dd €8 to | YYYY-MM-dd -180, -90, 180, 90 U & x

Valid Range: 1948-01-01 to 2023-07-14

Please specify a start date.
Select Variables

Number of matching Variables: 92 of 2030 Total Variable(s) included in Plot: 0
Keyword Search

Please select at least 1 variable
() Model (140)

Keyword : Search | Clear
Observation (92) A l l l ]
Variable Units Source Temp.Res. Spat.Res. Begin Date End Date Vert. Slice
. Isciplines —
F I |te r‘ 0 (7)1 Ozone Total Column (Daytime/Ascending) (AIRX3STD v006) DU AIRS Daily 1° 2002-08-31 2016-09-25 -
Aerosols (138) o . .
Atmospheric Chemistry (92) (7)} Ozone Total Column (Nighttime/Descending) (AIRX3STD v006) DU AIRS Daily 1° 2002-08-31 2016-09-25 -
D ata SetS U Atmospheric Dynamics (340) ()} Ozone Total Column (Daytime/Ascending) ~(AIRX3STM v006) DU AIRS Monthly 1° 2002-09-01 2016-10-01 -
. SURIRIREAS) Ozone Total Column (Nighttime/Descending) ~ (AIRX3STM v006) DU AIRS Monthly 1° 2002-09-01 = 2016-10-01 -
() ocean Biology (31)
1 y
O Oceanography (54) ()} Ozone Total Column (DOAS) (OMDOAO3e v003) DU OMI Daily 0.25° 2004-10-01 2023-07-11 -
() water and Energy Cycle (110)
[:] NO2 Total Column (30% Cloud Screened) (OMNO2d v003) molecules/cmA2 oMmI Daily 0.25° 2004-10-01 2023-07-11 -
» Measurements
» Platform / Instrument (7J/ NO2 Tropospheric Column (30% Cloud Screened) —( OMN(
» Spatial Resolutions (|| Ozone Total Column (TOMS-like) (OMTO3d v003) Dataset Details (UnltS, RGSO'UUO”, COverage)
» Temporal Resolutions ()} Ozone Total Column (TOMS-like) (OMTO3e v003) DU omI Daily 0.25° 2004-10-01 2023-07-11 -
» Wavelengths (7)1 carbon Dioxide, Mole Fraction in Free Troposphere  (AIRX3C2M v005) PPM AIRS Monthly 2x25° 2002-09-01 2012-02-29 -
» Portal (7)1 carbon Dioxide, Mole Fraction in Free Troposphere, IR-Only  (AIRS3C2M v005) PPM AIRS Monthly 2x25° 2010-01-01 2017-02-28 -
TOMS . 1.0x
] . DU EP Daily 105 ° 1996-07-22 = 2005-12-14 -
Add Datasets for Analysis Tows
O DU Meteor- Daily 1 '25 B3 1991-08-22 1994-11-24 -
3 p

TOMS

NASA Official: Dave Meyer Web Privacy Policy Data Policy Powered By A Contact Us

NASA

https://giovanni.gsfc.nasa.gov/giovanni/
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NASA Giovanni: Recurring Average Map

#5 EARTHDATA Find a DAAC ~ ©

G’OVANNI The Bridge Between Data and Science v 4.38 Feedback Help  Log out (carl_malings)

Days from Jun 1 - Jun 15 (2005-06-01 - 2023-06-15)
Average NO2 Tropospheric Column (30% Cloud Screened) daily 0.25 deg. [OMI OMNO2d v003] molecules/cm”2 for days from Jun 1 - Jun 15 2005-06-01 - 2023-06-15,

=j %1 Map; Recurring Region 125W, 25N, 65W, 50N
Averages

I
User Input oo \-\*U;\g .
Plots + = Options v ll &% Download v
Downloads H ! ! =
. oy
Lineage BRe A ,

14

~ History Qo

A

0
x1e16

=

NASA Official: Dave Meyer Web Privacy Polic Data Polic, Powered By A Contact Us . .
Y acicy 4 Y Acknowledgment Policy Back to Data Selection

NASA

https://giovanni.gsfc.nasa.gov/giovanni/
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NASA Giovanni: Time Series

#5¢ EARTHDATA Find a DAAC ~ ©

G’OVANNI The Bridge Between Data and Science v 4.38 Feedback Help  Log out (carl_malings)

~ History o Interannual Time Series
Average NO2 Tropospheric Column (30% Cloud Screened) daily 0.25 deg. [OMI OMNO2d v003] molecules/cmA2 for 2005-06-01 - 2023-06-15, Region 125W, 25N, 65W, 50N
1350000000000000

-.% 2. Time Series,
Recurring
Averages
User Input 1300000000000000
Plots
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- The user-selected region was defined by 125W, 25N, 65W, 50N. The data grid also limits the analyzable region to the following bounding points: 124.875W, 25.125N, 65.125W, 49.875N. This analyzable region indicates the spatial limits of the
subsetted granules that went into making this visualization result.- Years with incomplete date ranges are discarded.

NasA NASA Official: Dave Meyer Web Privacy Policy Data Policy Powered By A Contact Us Acknowledgment Policy Back to Data Selection
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Part 2:
Summary




Summary

« Satellite remote sensing data can complement surface monitoring and other
data sources to help fill in global and local data gaps in air guality information.

«  Atmospheric column quantities (e.g., AOD) can relate to surface air quality
parameters (e.g., PM, ;) but are not the same; patterns and trends observed by
satellites should be validated with ground-based data where possible.

« Spatial and/or temporal resolution and coverage of satellite data products varies,
making different products suitable for different applications.

« For environmental justice applications, spatial and temporal resolution of satellite
datasets should match or be finer than the desired scale of analysis.

* NASA provides resources for accessing and analyzing satellite datasets online.
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Looking Ahead to Part 3

* |Inferactive Exercises for using Satellite and Demographic Data
— EJSCREEN
— Python

« Optional Activity
— Use NASA Worldview and/or Giovanni to look at your hometown or an area of
interest to you and overlay some of the data products we discussed today.

— Try to find an interesting air quality event for the area and see how it shows up
in the satellite data. What did you expect to seee What surprised youe

— If you registered for the HAQAST Forum, feel free to post what you find there!
— This is an optional exercise and is NOT part of the required homework.
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https://haq.community.forum/forums/arset-training.21/

Homework and Certificates

 Homework:
— One homework assignment
— Opens on 06/09/2023
— Access from the fraining webpage
— Answers must be submitted via Google Forms
— Due by 20/09/2023

« Certificate of Completion:
— Attend all three live webinars (attendance is recorded automatically)
— Complete the homework assignment by the deadline

— You will receive a certificate via email approximately two months after
~ completion of the course.
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Contact Information

Trainers: « ARSET Website
« Carl Malings » Follow us on Twitterl!
— carl.a.malings@nasa.gov — @NASAARSET
 ARSET YouTube

Visit our Sister Programes:
® DEVELOP
@ SERVIR
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mailto:carl.a.malings@nasa.gov?subject=Re:%20ARSET%20SD4EJ%20Training
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://twitter.com/NASAARSET?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/user/NASAgovVideo/playlists
https://appliedsciences.nasa.gov/what-we-do/capacity-building/develop
https://www.nasa.gov/mission_pages/servir/index.html

Resources

« NASA Worldview (Visualize satellite data online)
« NASA Earthdata Search (Search for & download satellite data)
« NASA Giovanni (Analyze level 3 & 4 data online)

« NASA HAQAST (Health & Air Quality Applied Sciences Team)
— Guide to getting started with satellite data
— Hedalth and Air Quality Community Forum

« NASA Air Quality Data Pathfinder (see next slide)

 NASA GSFC Air Quality Observations from Space

« NASA SEDAC (Socioeconomic Data and Applications Center)
« Prior ARSET Health & Air Quality Trainings
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https://worldview.earthdata.nasa.gov/
https://search.earthdata.nasa.gov/search
https://giovanni.gsfc.nasa.gov/giovanni/
https://haqast.org/
https://haqast.org/getting-started/
https://haq.community.forum/
https://www.earthdata.nasa.gov/learn/pathfinders/air-quality-data-pathfinder
https://airquality.gsfc.nasa.gov/
https://sedac.ciesin.columbia.edu/
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-health-air-quality-trainings

for Your Research & Applications

Air pollution is one of the largest global environmental and health threats.
NASA provides data resources to better understand the movement of
pollutants and the impact of events leading to poor air quality. This
Pathfinder helps you access, and leverage data acquired from NASA’s
satellite, airborne, and ground-based missions and campaigns. Visit the EARTHDATA

Air Quality Data Pathfinder

Available Data Types: D_ata are from satellites, Ty e
Aerosols airborne and ground-based
Trace Gases (e.g., Nitrogen _platfor.ms., and models, \\\ Commonly Used Datasets for Air Quality Research
S 2 including: e
Dioxide, Sulfur Dioxide, Carbon ENCERENESOlS
Monoxide, etc.) AIRS OMPS Tools for Using Data
Weather (e.g., Air Temperature, AMSR2 SMAP Resources for Applying and
Clouds, Precipitation, etc.) GPM TROPOMI Connecting NASA Data
Land Surface (e.g., Soll MODIS VIIRS GIS Resources
!\I_/Ioisture, hSurfaj:ce Reflectance, OLI/TIRS GEOS Tips for Getting Help and
opography, etc. - i
pograpny ) OMI VMERRA.2 Connecting with NASA experts

Human Dimensions Tutorials and more!


https://www.earthdata.nasa.gov/learn/pathfinders/air-quality-data-pathfinder?utm_source=event&utm_medium=presentation&utm_campaign=air-quality-pathfinder

Thank Youl!
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