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Applied Remote Sensing Training
(ARSET)

Our trainings are:

— Online and in-person ARSET offers trainings for:

— Disasters
B C.)per.\ fo everyone , — Hedalth & Air Quality
— Live, instructor-led, or self-guided — Land Management
— Provided at no cost, with materials and — Water Resources
recordings available from our website — Climate

— Often multi-lingual

— Tailored to those with a range of
experience in remote sensing, from
infroductory to advanced

https://appliedsciences.nasa.gov/arset
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https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-disasters-training
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-health-air-quality-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-land-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-water-resources-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-disasters-training
https://appliedsciences.nasa.gov/arset

Health and Air Quality Applied
Science Team (HAQAST)

— Use NASA satellite & other data to help
solve real-world public health and air
quality problems.

— Work around the world on diverse issues

related to health and air quality. H AQAST

— Collaborate with public stakeholders to
help guide long-term research.

—_ “Tiger Teams” pursue shor’r—’rerm, hlgh- https://haqast.org/getting-started/
Impact projects in small groups.

https://hagast.org/
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https://haqast.org/
https://haqast.org/getting-started/

The NASA Earth Observing Fleet

NASA (and other space
agencies) operate fleets
of earth observation
satellites, many of which
have a primary (or key
secondary) function of
observing the state and
composition of the
global atmosphere,
including properties
relevant for air quality
applications.

Satellites provide
remotely sensed
retrievals of geophysical
quantities

These can be
interpreted, with the aid
of atmospheric
chemistry models, to
inform us about surface
air quality.
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https://science.nasa.gov/earth-science

NASA Global Modeling

Source: “GEOS-5 Aerosols Simulation for SC 2014”, Scientific Visualization Studio, NASA GSFC. htips://svs.gsfc.nasa.qov/30637
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https://svs.gsfc.nasa.gov/30637
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Principles of Remote Sensing

Satellites detect & quantify backscattered UV,

. . . Solar radiation
visible, and/or emitted thermal radiation from the

detected b
Earth's surface and atmosphere. satellite y R
, , . o attenuated by
Retrieval algorithms use this radiation data and absorption
physics-informed models to infer geophysical
guantities such as optical depth, particle number
density, partial pressure, column amount.
We can calculate an Aerosol Optical Depth for all °
aerosols in the atmosphere using the measured ® - L4
scattering and absorption of visible light. * - = v

We can determine a “spectral fingerprint” for
many trace gases based on their absorptions and
use this to retrieve the trace gas total column
density.

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

Typical Satellite Orbits

Sun synchronous orbit ~600-1,000 km above Orbit ~36,000 km above the Equator with
Earth passing close to the North and South  the same rotational period as Earth

poles with passes at similar local solar time
each day

Appears ‘fixed above Earth, offering a
continuous daytime view of the same
Most instrument achieve full global place

coverage every 1-2 days Always covers 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). http://appliedsciences.nasa.gov/join-mission/training/english/arset-nasa-air-quality-focused-remote-sensing-epa-applications
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http://appliedsciences.nasa.gov/join-mission/training/english/arset-nasa-air-quality-focused-remote-sensing-epa-applications

Multispectral & Hyperspectral

instruments have larger
spectral band widths

»Coarser spectral resolution is suitable for Hyperspectral band width: ~0.5 nm (TROPOMI)
detecting certain prominent atmospheric | = —_—
features o 08 ¢ > SCIAMACHY/TROPOMI |

+ Aerosol optical depth at ~550nm 2 e OM| GOME-2/TEMPO
wavelength is generally well suited for % 0.6 1
measuring ambient particulate matter % 0.4

o 0.2 f
Hyperspectral instruments have smaller 0 uv .

400 600 800 1000 1200 1400 1600 1800

spectral band widths
Wavelength [nm]

* This higher spectral resolution is
necessary for distinguishing the
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). http://appliedsciences.nasa.gov/join-mission/training/english/arset-nasa-air-quality-focused-remote-sensing-epa-applications
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http://appliedsciences.nasa.gov/join-mission/training/english/arset-nasa-air-quality-focused-remote-sensing-epa-applications

Improving Spatial Resolution

N

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

Pros for Air Quality Applications

OMI Monthly Column NO, over Mexico City (2005-2021)
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where are the hotspots'? how is Iong range transport happenmg’?
how much has the average concentration over an area changed

over time~?

Sources: Gupta, P.; Follette-Cook, M. (2018). Satellite Remote Sensing of Air Quality. NASA Applied Remote Sensing Training Program (ARSET).
https://appliedsciences.nasa.gov/join-mission/training/english/arset-satellite-remote-sensing-air-quality
NASA GSFC Nitrogen Dioxide Trends for World Cities: https://airquality.gsfc.nasa.gov/no2/world
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https://appliedsciences.nasa.gov/join-mission/training/english/arset-satellite-remote-sensing-air-quality
https://airquality.gsfc.nasa.gov/no2/world

Cons for Air Quality Applications

Satellite does not measure air pollution \
directly but measures spectral radiances \

10 km? vertical column

atmosphere
measurement

Surface Layer

bare soil pavement built up area

Earth’'s Surface,

Column:
Aerosol Optical

nass concentration
s

. most satellites require sunlight to make their retrievals.

. most satellite measurements are blocked by clouds and dense smoke.
. most satellites measure the whole atmosphere, not just the surface.

. polar-orbiting satellites observe a location about once per day at similar

local times. Geostationary satellites observe at more times, but still only during the day.

Source: Gupta, P.; Follette-Cook, M. (2018). Satellite Remote Sensing of Air Quality. NASA Applied Remote Sensing Training Program (ARSET).
https://appliedsciences.nasa.gov/join-mission/training/english/arset-satellite-remote-sensing-air-quality
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https://appliedsciences.nasa.gov/join-mission/training/english/arset-satellite-remote-sensing-air-quality

Common Satellite Data Terms

Satellite v. Instrument

Swath or Field of Regard

Overpass time (local solar time)
Equator crossing time
Ascending/Descending

Temporal Resolution/Return period
Spatial Resolution (nadir v. edge)
Spectral Resolution

Data product

Satellite

Granule Resolution
Quality flags and masks ==
Column concentration Granule

Aerosol Optical Depth/Thickness
Processing level

Source: Follette-Cook, M.; Prados, A.; Gupta, P. (2020). An Inside Look at How NASA Measures Air Pollution. NASA Applied Remote Sensing Training Program (ARSET).
https://appliedsciences.nasa.gov/join-mission/training/english/arset-inside-look-how-nasa-measures-air-pollution
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https://appliedsciences.nasa.gov/join-mission/training/english/arset-inside-look-how-nasa-measures-air-pollution

Satellite Data Processing Levels

Level O: Raw data 0101010100101010100101010100101001010100101010010010
1001010010100101001010100101001001010010100100000010
0100100100110010100101001010010100101001010010100100
, 1010100101010100110010100101001010010010100101001010
Level 2: Derived 0110101010010100100000101010101011111100110010100101
geophysical variables (e.9.,  0010010101010010100101000101000001011111100101001010
column concentrations) 0101101101010100101001010010110010100000010100110010
Level 3: Data re-mapped  0010101010010101010010101010010100101010010101001001
to uniform space & time 0100101001010010100101010010100100101001010010000001
0010010010011001010010100101001010010100101001010010
0101010010101010011001010010100101001001010010100101
| 0011010101001010010000010101010101111110011001010010
together from multiple 1001001010101001010010100010100000101111110010100101
sources (e.g., satelliteand  (0010110110101010010100101001011001010000001010011001
model data)

Level 1: Geo-referenced
raw data

grids
Level 4: Data combined

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

Level O: Raw data

Level 1: Geo-referenced
raw data

Level 2: Derived
geophysical variables (e.qg.,
column concentrations)
Level 3: Data re-mapped
to uniform space & time
grids

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

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

0.0 03 ' 06 09 12 15
Source: NASA EarthData https://earthdata.nasa.qov/col|aborate/open—odata—services—and—software/data—information—policv/data—levels
NASA GES DISC https://disc.gsfc.nasa.gov/datasets/'SNDRSNCrISL1BIMG 2/summary
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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/SNDRSNCrISL1BIMG_2/summary?keywords=VIIRS%20Level%201

Satellite Data Processing Levels

Copernicus TROPOMI Nitrogen Dioxide Product (Orbit #9397)

Level 2: Derived
geophysical variables (e.g., 1\d
%

0 4

—Aa O |

Level O: Raw data T P =
Level 1: Geo-referenced
raw data ’%} w ' >

column concentrations)
Level 3: Data re-mapped
to uniform space & time

grids |
Level 4: Data combined _I\‘M

LS U

S
A £ 3

B 4)

together from multiple -’_Y/\
sources (e.g., satellite and X

Tropospheric vertical column of nitrogen dioxide (10™-4 mol m-2)

model data) 4 . . . : ]

0.4 0.8 1.2

2.0

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

NASA GES DISC https://disc.gsfc.nasa.qov/datasets/S5P L2 NO2 HIR 1/summary
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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

Level O: Raw data

Level 1: Geo-referenced T e 2001 Apr, Ragion 160W, 808, 1808, 80N
raw data &< 3
Level 2: Derived
geophysical variables (e.qg.,
column concentrations)
Level 3: Data re-mapped
to uniform space & time
grids

Level 4: Data combined
together from multiple

sources (e.g., satelliteand | == . | ééfﬂ u L \2

model data)

0.89

0.778

0.667

0.556

0.445

0.334

0.222

0111

Source: NASA EarthData https://earthdata.nasa.gov/collaborate/open-data-services-and-software/data-information-policy/data-levels
NASA GES DISC https://disc.gsfc.nasa.qgov/datasets/SWDB L3M10 004/summary
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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

@ GMAO
NASA/GMAOQO - GEOS CF Forecast Initialized on 12z 03/02/2022
Surface O,
Level O: Raw data 90N
Level 1: Geo-referenced
raw data = X %
N Py

Level 2: Derived Y Gl
. . 30N :

geophysical variables (e.qg.,

column concentrations)

Level 3: Data re-mapped

EQ

to uniform space & time 308 {

grids

Level 4: Data combined 605 {

together from multiple - ' = == -

sources (e.g., satellite and g0 200 oW 0 o0 T 160
000 hr forecast valid Wed 12z 2022-03-02

model data) e —

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

Source: NASA EarthData https://earthdata.nasa.gov/collaborate/open-data-services-and-software/data-information-policy/data-levels
NASA GMAO FLUID Tool https://fluid.nccs.nasa.qov/cf/classic geos cf/?one click=1&tau=000&stream=GEOSCFFC&level=0&region=global&fcst=20220302T120000&field=03sfc
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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

OUTLINE

e Basics of Remote Sensing
o Satellite Aerosol Products
e Satellite Trace Gas Products

e Accessing NASA Data
e BREAK
e GEOS-CF Air Quality Forecasts

e Bias-Corrected Forecasts
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MODIS and VIIRS

MODIS I VIIRS

Aqua, Terra
1999, 2002

Moderate Resolution Imaging
Spectroradiometer

405 - 14385 nm
(IR, Visible)

36
0.5 — 2 km pixel edge
1-2 Days
~10:30, 13:30 LST

WRI MEXICO
ROSS CENTER

Satellites SNPP, NOAA-20, NOAA-21
Launched 2011, 2017, 2022
Instrument Visible Infrared Imaging

Radiometer Suite

Spectral Range 412-12100 nm

(IR, Visible)
Spectral Bands 22
Spatial Resolution 0.75 — 1.5 km pixel edge
Global Coverage Daily

Local Overpass Time ~12:30, 13:30 LST
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MODIS and VIIRS: Air Quality

MODIS VIIRS

True Color Image - True Color Image -

Aerosol Optical Depth

Fire Detection

WRI MEXICO
—ROSS CENTER

MOD/MYDO04_L2 (10km)
MOD/MYDO04_3K (3km)
MCD19A2 (1km)
Gridded (1°)

MOD/MYDO4A1 (1km) Fire Detection

Smoke Detection
Dust Detection

WORLD
RESOURCES @ ROSS
INSTITUTE @ CENTER

Aerosol Optical Depth

CANAIRY="ALERT
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AERDB_L2_VIIRS (6km)

AERDT_L2_VIIRS (6km)

JRR-AOD_v2r3 (0.75km)
Gridded (1°)

VNP12IMGTDL_NRT
VJ114IMGTDL_NDT
(0.375km)
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Aerosol Optical Depth

MODIS-Aqua (DB) VIIRS-SNPP (DB)

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

Different Retrieval Algorithms

Deep Blue / Dark Target

Deep Blue: land only, land & water,
best for bright surfaces best for dark surfaces

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

Fire Detection

FIRMS

Fire Information for Resource Management System

Thermal Anomalies
Detection of extreme
temperatures
Indicative 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
Correlation between FRE and
fire emissions

Source: NASA FIRMS https://https://firms.modaps.eosdis.nasa.qgov/
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https://https/firms.modaps.eosdis.nasa.gov/

VIIRS Smoke and Dust IndeXx

Layer 2

[ . T
40 50

0.0 1.0 2.0 3.0
Dust Aerosol Index

0.0 0.5 1.0 15 2.0
Smoke Aerosol Index

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

eostationary AOD

GOES-East

°® B 20230620 0 Full Disk

.
® ‘ 20230620 1500 UTC s i
Every 10 minudfes... AOD Comp. 15-18 UTC g » - V¥ GOES-East Layers

+1 NoDatagg 02 0 0.6 0.8 i / s - " e e : N
_ P . - Wt N . . - » - + Dust RGB

+ Fire RGB
+AOD

+ Smoke Dust Mask

+ Fire

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

Satellite-Derived Surface PM, .

0 5 10 15 20 50 80
Satellite-Derived PM,, _ [ug/m”]

Source: van Donkelaar et al. (2010). Global Estimates of Ambient Fine Particulate Matter Concentrations from Satellite-Based Aerosol Optical Depth: Development & Application.
Environmental Health Perspectives ,118(6). https://doi.org/10.1289/ehp.0901623
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https://doi.org/10.1289/ehp.0901623

Primary Target Areas

Multi-Angle Imager for Aerosols: targeted aerosol mission, assessing type and size distributions
Satellite mission coordinated with surface PM measurements and health studies
Anticipated launch 2024

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

OUTLINE

e Basics of Remote Sensing
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e Satellite Trace Gas Products

e Accessing NASA Data
e BREAK
e GEOS-CF Air Quality Forecasts

e Bias-Corrected Forecasts

£ WRL MEXICO &,Q RESOURCES CANAIRY*"ALERT LR

— ROSS CENTER INSTITUTE @ CENTER ~  TOMORROW'S AIR TODAY FUND



OMI and TROPOMI
oM | _TROPOMI____

Aura Satellite Sentinel-5P
July 2004 Launched Oct 2017
Nadir-Viewing Imaging Instrument Nadir-Viewing Imaging
Spectrometer Spectrometer
264 — 504 nm Spectral Range 270 nm — 2.3 um
(UVIVIS) P J (UV/VISINIR/SWIR)
0.42 — 0.63 nm Spectral Resolution 0.55 nm
5.5 x 3.5 km? at 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*
*synchronized within 5 minutes of SNPP
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OMI and TROPOMI: Trace Gases

OMI TROPOMI

Tropospheric and Swath, Gridded (0.25° and  Tropospheric and Total Swath
Total Column NO, 0.1°) Column NO, (5.5 km x 3.5km)
Swath, Gridded Swath
Total Column SO, (0.25°) Total Column SO, (5.5 x 3.5 km)
Swath, Gridded Tropospheric Column Swath
Total Column HCHO (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 kn?\)/(v%tg km)
Swath
Methane (CH,) (7 km x 5.5 km)
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Ozone

Why measure O;?
Negative health impacts for
humans, crops, and ecosystems
Important to tropospheric
chemistry

Limitations of Satellite O; Data
High stratospheric concentrations
mask more air-quality-relevant
tropospheric concentrations
Use of satellite Ozone is NOT
RECOMMENDED for air quality
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Source: Martin, R.V., Satellite remote sensing of surface air quality, Atmos. Environ., 42, 7823-7843, 2008.
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Nitrogen Dioxide

Why measure NO,?
health irritant
0ZOne precursor
Surface sources: fire, agricultural
burning, transportation, industry,
power generation
High concentrations in the
planetary boundary layer (PBL)

OMI: long data record for trends
OMNOz2 standard level 2 product
OMNO2g gridded products

TROPOMI: high resolution
Ss5P_ L2 NO2 HiR

Available from NASA Earthdata by <
agreement with ESA 0.0

WRI MEXICO e e

! INSTITUTE

OMNOZ2d Level 3 Gridded (0.25° x 0.25°) Daily Product

Tropospheric NO2 Column Density (10”15 molecule/cm”™2)

2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

Source: NASA GES DISC https://disc.gsfc.nasa.qov/
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https://disc.gsfc.nasa.gov/

Formaldehyde

Why measure HCHO? Comparing HCHO and NO, from TROPOMI to determine

* Major precursor for O, Ozone Formation Potential over the US
+ proxy for total VOC chemical

reactivity and isoprene emissions

Using HCHO/NO, Ratios
 HCHO/NO, < 1: VOC-Limited
* HCHO/NO, > 2-4: NOy-Limited

OMI: long data record for
trends

* OMHCHO level 2 product

* OMHCHOG gridded products

[Unitless]

TROPOMI: high resolution
- S5P_L2_ HCHO___ HiR_2
» Available from NASA Earthdata

- N WO b OO O N

Source: Souri et al. 2023, Characterization of errors in satellite-based HCHO/NO2 tropospheric column ratios

by agreement with ESA with respect to chemistry, column-to-PBL translation, spatial representation, and retrieval uncertainties.
https://doi.org/10.5194/acp-23-1963-2023
. WORLD . CLEAN
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Sulfur Dioxide

* Why measure SO,?
+ SO2 has also been linked to
adverse respiratory effects.
+  Contributes to acid deposition
»  Sources: Volcanoes, coal and oil
burning

» OMI: long data record for
trends
* OMSOz2 standard level 2 product
* OMSO2e gridded data product,
assumes near-surface emissions
(most relevant to air quality)

-
ou

ti |
» TROPOMI: high resolution
« S5P_ L2 SO2 HiR
« Available from NASA Earthdata

Y | = 1l <] +
fﬁ: T al = L w J [ X T L ¥ = ; ﬂ 4 o . A |
& ) E 1% & e | S B SonlsE oo, 5 ‘ddis Abeba g g e ol

Aqua MODIS visible image of the Nabro (Eritrea) eruption on June 13, 2011, with the OMI SO,, plume overlaid.

by agreement with ESA
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Carbon Monoxide and Methane

Why measure CO?

Major precursor for O,
Relatively long lifetime (~1-2
months) makes it a useful tracer

Why measure CH4?

Potent greenhouse gas
“Super-emitter” point sources
(natural gas leaks)

Distributed sources (agriculture)
hard to quantify from ground

TROPOMI: high resolution

SsP_L2 CO HiR
S5P_1L2_ CHg4 HiR
Available from NASA Earthdata
by agreement with ESA

WRI MEXICO
—ROSS CENTER

Copernicus Sentinel-5P TROPOMI Carbon Monoxide Product (Orbit# 9408)

— -

Vertically integrated CO column (10™-1 mol m-2)

<E— —— | g
0.2 0.3 0.4 0.8 0.9 1.0

0.5 0.6 0.7

Source: NASA GES DISC https://disc.gsfc.nasa.qgov/
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Emissions from Satellites

Developing a bottom-up
emission inventory requires
extensive data collection
fromm many sources

*  Costly

*  Time-consuming

*  May be incomplete

Satellites can estimate top-

down emissions inventories

+ Can keep pace with changing
emissions

*  May detect missing sources

Oil and Gas

N . . Power Plant
*  Many uncertainties in deriving ® Smelter

emissions from satellite data /. Volcano

.
W cs | NASA Goddard Space Flight Center, SS5P/TROPOMI avera...

Source: NASA Global Sulfur Dioxide Monitoring Home Page htips://so2.gsfc.nasa.gov/
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https://so2.gsfc.nasa.gov/

TEMPO

Proxy TEMPO Tropospheric NO; 20130809 1000 UTC

'4"- 3
P

s ."",

w
1015 molec./cm?

Tropospheric Emissions: Monitoring of Pollution

Geostationary satellite (Intelsat IS40e) providing hourly daytime information over North America
Nominal spatial resolution: ~ 2.5 km x 5 km (with higher resolution towards the south)

Key Products: NO,, Formaldehyde, Ozone (including near-surface retrievals)

Launched April 7, 2023

Level 2 & 3 data products expected April 2024 ﬁtct’;;s?\;v/e*:tfﬁ;ﬂzignié;'égf;’tg r:g(l;)/'icaﬂons & early adopter program
: WORLD . CLEAN
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https://weather.ndc.nasa.gov/tempo/

OUTLINE

e Basics of Remote Sensing
o Satellite Aerosol Products
e Satellite Trace Gas Products

o Accessing NASA Data
e BREAK
e GEOS-CF Air Quality Forecasts

e Bias-Corrected Forecasts
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NASA Worldview

https://worldview.earthdata.nasa.gov/ [Take a Snapshot and Download Image |

Share Image_L oAl

: Help/
vasx \W/ORLDVIEW @ ¢ @ & ok

Tl e — Sl Scarch by Location P Info
'Vy 2 V] \IeW Layers, Events, - |z, - #8& o Tl y , ——i e
i tees Bl | or Download Data P e - amgm. | Change Projection R

Q‘ :

[ . y s - E -
4 b o v > s 4 4 ) g L e ’ ot

Coastlines o A = - &é © q i - ooy o P, [ N 1y g

© OpenStreetMap contributors . - ’ g U . P £ = . + . £ - 4

.- 4 'y a . . B Py - ‘ \ > LY -
' BASE LAYERS et 5 A syl AR 2 I ' 5% S lw B = oom In/O Ut
A S [ ~ | ;b w $ . « ) e i : - 25 =

Add Image Layers [y S g

+ Add Layers Start Comparison

-

Choose Date

and Time Create an Animation
A )

1 DAY IIII|I|II|I|I|III|I|I||I|I|I||I|III||I|III||I|II||I|III||I|III|IIIIIIIIIIII

2022 NOV 30 ¢ ) 31 me

OCT 2022 NOV 2022 | DEC 2022
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https://worldview.earthdata.nasa.gov/

NASA Worldview

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

MODIS MAIAC AOD VIIRS Flre Detectlons

==

vasa \X/ORLDVIEW

N € Layers g Events .‘ﬂ EIE]

|

Coastlines / Borders / Roads
© OpenStreetMap contributors

Coastlines
© OpenStreetMap contributors

I FIRES AND THERMAL ANOMALIES v

Fires and Thermal Anomalies (Day and
Night, 375m)
@ Suomi NPP / VIIRS

. Fire &

[ AEROSOL OPTICAL DEPTH v

MAIAC Aerosol Optical Depth

0 Terra and Aqua / MODIS
<0.0 5.0 .

BASE LAYERS v

@ Corrected Reflectance (True Color)
NOAA-20 / VIIRS

[
[
n:\&

)
ke ¥ Group Similar Layers
+ Add Layers Start Comparison
= , By N
g .'ﬁs

1 DAY

;2022 MAY 25 ¢ ) Dl B¢

e

MAY 2022 JUN 2022
§ T P =
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NASA Earthdata

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

¥ Keyword Search

9,33§

Sl_"-;wir
SENT]
1,427,
Sentin

Search for collections or topics o

Temporal/S
patial

[&: Export

Y Filter Collections & Earthdata Cloud

Subsetting

+ SENTINEL-TA_SLC v1 - ASF

Categories

Search
Filters

Features GROS

Available from AWS Cloud

. SENTINEL-1A_DUAL_POL_GRD_HIGH_RES
Customizable

1,222,822 Granules 2014-04-03 ongoing & Earthdata Cloud

Map Imagery s o
entinel-1A

Keywords D eta

Agriculture

Search

Help/
Info

“ ) Feedback 0

Carl &~

B

Germany. .~

Save &
Access Past

Login to
Earthdata
Account

Turkey

Searches

Thai

Ethiopia .

A SENTINEL-1B_SLC

789,393 Granules 2016-04-25 ongoing &8 Earthdata Cloud

Sentinel-1B slant-range product

Biological Classification
Biosphere
Climate Indicators

GEQSS + SENTINEL-1B_SLC v1 - ASF
Cryosphere

Vietnam

Spatial Subsetting
Edit/Delete Spatial Subsets l

Tanz

Human Dimensions

HLS Landsat Operational Land Imager Surface Reflectance and TOA
Brightness Daily Global 30m v2.0

9,502,617 Granules 2013-04-11ongoing i} & Earthdata Cloud

The Harmonized Landsat Sentinel-2 (HLS) project provides consistent
surface reflectance (SR) and top of atmosphere (TOA) brightness data from...

Land Surface
Models

Oceans

Solid Earth
Spectral/Engineering GEOSS + HLSL30 v2.0 - LP DAAC
Sun-Earth Interactions

Terrestrial Hydrosphere

Platforms A Subscriptions

v1.188.0 - Search Time: 2.7s - NASA Official: Stephen Berrick - FOIA - NASA Privacy Policy - USA.gov
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https://search.earthdata.nasa.gov/search

NASA Giovanni

https://giovanni.qgsfc.nasa.gov/giovanni/

e

il Choose Date

1 and Time

Choose Plot or
Analysis Type

Choose Region
of Interest

Feedback | Help Log out (carl_malings)

... [10f2 messages] Read More]

Select Plot Select Date Range (UTC) Select Region (Bounding Box or Shape) I H eI p/l nfO
Time Averaged Map v i 2020 -01 -01 (8 fo 2020 - 12 -31 B8 -180, -90, 180, 90 e x
Valid Range: 1948-01-01 to 2023-02-08
Select Variables

Total Variable(s) included in Plot: 0

¥ Observations Number of matching Variables: 232 of 2004

() Model (140) -

| Keyword Search I

eyword :
() observation (92) {

[ Search I Clear ]]

N g Units Source Temp.Res. Spat.Res. Begin Date End Date Vert. Slice
. ¥ Disciplines
FI |ter 0 [J§ ©Ozone Total Column (Daytime/Ascending) (AIRX3STD v006) DU AIRS Daily 1° 2002-08-31 2016-09-25 -
Aerosols (266) o _ .
D Atmospheric Chemistry (232) [TJ§ ©Ozone Total Column (Nighttime/Descending) (AIRX3STD v006) DU AIRS Daily 1° 2002-08-31 2016-09-25 -
ataS etS D Atmospheric Dynamics (772) D Ozone Total Column (Daytime/Ascending) (AIRX3STM v006) DU AIRS Monthly 1° 2002-09-01 2016-10-01 -
UJ cryosphere (1¢) (]} Ozone Total Column (Nighttime/Descending)  (AIRX3STM v008) DU AIRS Monthly 1° 2002-08-01  2016-10-01 .
(J Hydrology (646)
Ocean Biology (43) [J§ ©Ozone Total Column (DOAS) (OMDOAQ3e v003) DU OMI Daily 0.25° 2004-10-01 2023-02-06 -
LI Comeconhy (73) ()} NO2 Total Column (30% Cloud Screened) (OMNO2d v003) OMI Daily 0.25°  2004-10-01 = 2023-02-06 -
D Water and Energy Cycle (798) —— molecules/cm”2 :
> Measurements () NOZ2 Tropospheric Column (30% Cloud Screened) (OMN Dat t Det . U . t R t
> Is ( I C ge)
Platform / Instrument I ozone Total Column (TOMS-iike) (OMTO3d vo03) alase etalls NItS y esolution y overage
» Spatial Resolutions (| ©zone Total Column (TOMS-like) {OMTO3e v003) DU oMl Daily 025° | 2004-10-01 = 2023-02-06 .
» Temporal Resolutions () Carbon Dioxide, Mole Fraction in Free Troposphere  (AIRX3C2M v005) PPM AIRS Monthly ~ 2x25° 2002-09-01  2012-02-29 =
» Wavelengths [TJ§ cCarbon Dioxide, Mole Fraction in Free Troposphere, IR-Only  ( AIRS3C2M v005) PPM AIRS Monthly ~ 2x25°  2010-01-01  2017-02-28 -
» Portal 0O DU OB Dail 10X yo960722  2005-12-14 -
v -I: I : EP aly 125°
Add Datasets for Analysis
| e DU Meteor- Daily JOX 10010822 19041124 .
3 .
OM
Responsible NASA Official: Angela Li Privacy Powered By A Contact Us

NASA

Web Curator: M. Hegde

Plot Data Go to Results
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https://giovanni.gsfc.nasa.gov/giovanni/

NASA Giovanni

https://glovanni.qgsfc.nasa.gov/giovanni/

(2]

¥asd EARTHDATA Find a DAAC ~

G’OVANNI The Bridge Between Data and Science v 4.38

Feedback Help  Log out (carl_malings)

Histo o Time Averaged Map of NO2 Tropospheric Column (30% Cloud Screened) daily 0.25 deg. [OMI OMNO2d v003] molecules/cm”2
- 4
y over 2022-01-01 - 2022-12-31, Region 120W, 12N, 85W, 35N

- % 2. Time Averaged , - . < S —— v
Map -1ho -1ho oo &
User Input <5 > =% Download v
! ] = e
s |

Plots =
Downloads A 1

Lineage
+ % 1. Time Series, Area- /
Averaged

NASA Official: Dave Meyer Web Privacy Policy Data Policy Powered By A Contact Us . i
Acknowledgment Policy Back to Data Selection
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https://giovanni.gsfc.nasa.gov/giovanni/

NASA Giovanni

https://giovanni.qgsfc.nasa.gov/giovanni/

¥asd EARTHDATA Find a DAAC ~ =

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

Correlation for 2022-01-01 - 2022-12-31
1st Variable: Combined Dark Target and Deep Blue AOD at 0.55 micron for land and ocean: Mean daily 1 deg. [MODIS-Terra MOD08_D3 v6.1]

= % 4. Map, Correlation 2nd Variable: Combined Dark Target and Deep Blue AOD at 0.55 micron for land and ocean: Mean daily 1 deg. [MODIS-Aqua MYD08_D3 v6.1]
User Input

5 [« v I
Plots

+ = Options v i & Download v
Downloads

|
A,

- History o 7

Lineage
X 3. Map, Correlation
% 2. Time Averaged Map

% 1. Time Series, Area-
Averaged

30

ial- Pri : - P .
NasA NASA Official: Dave Meyer Web Privacy Policy Data Policy owered By A Contact Us Acknowledgment Policy Back to Data Selection
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https://giovanni.gsfc.nasa.gov/giovanni/

OUTLINE

e Basics of Remote Sensing
o Satellite Aerosol Products
e Satellite Trace Gas Products

e Accessing NASA Data
e BREAK
e GEOS-CF Air Quality Forecasts

e Bias-Corrected Forecasts
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Applied Remote Sensing Training
(ARSET)

Our trainings are:

— Online and in-person ARSET offers trainings for:

— Disasters
B C.)per.\ fo everyone , — Hedalth & Air Quality
— Live, instructor-led, or self-guided — Land Management
— Provided at no cost, with materials and — Water Resources
recordings available from our website — Climate

— Often multi-lingual

— Tailored to those with a range of
experience in remote sensing, from
infroductory to advanced

https://appliedsciences.nasa.gov/arset
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https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-disasters-training
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-health-air-quality-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-land-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-water-resources-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-disasters-training
https://appliedsciences.nasa.gov/arset

Health and Air Quality Applied
Science Team (HAQAST)

— Use NASA satellite & other data to help
solve real-world public health and air
quality problems.

— Work around the world on diverse issues

related to health and air quality. H AQAST

— Collaborate with public stakeholders to
help guide long-term research.

—_ “Tiger Teams” pursue shor’r—’rerm, hlgh- https://haqast.org/getting-started/
Impact projects in small groups.

https://hagast.org/
WRI MEXICO rorces o CANAIRVTALERT ~ CLEAN
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https://haqast.org/
https://haqast.org/getting-started/

% WRI MEXICO Qz\\' $ RESOURCES | ross CANAIRY= "ALERT -

A
#* —ROSS CENTER ‘/}A\ INSTITUTE @ CENTER TOMORROW'S AIR TODAY FUND

GRACIAS
THANK YOU!




	Slide 1: NASA Data for  Air Quality
	Slide 2: OUTLINE
	Slide 3: Applied Remote Sensing Training (ARSET) 
	Slide 4: Health and Air Quality Applied Science Team (HAQAST) 
	Slide 5: The NASA Earth Observing Fleet
	Slide 6: NASA Global Modeling
	Slide 7: OUTLINE
	Slide 8: Principles of Remote Sensing
	Slide 9: Typical Satellite Orbits
	Slide 10: Multispectral & Hyperspectral
	Slide 11: Improving Spatial Resolution
	Slide 12: Pros for Air Quality Applications
	Slide 13: Cons for Air Quality Applications
	Slide 14: Common Satellite Data Terms
	Slide 15: Satellite Data Processing Levels
	Slide 16: Satellite Data Processing Levels
	Slide 17: Satellite Data Processing Levels
	Slide 18: Satellite Data Processing Levels
	Slide 19: Satellite Data Processing Levels
	Slide 20: OUTLINE
	Slide 21: MODIS and VIIRS
	Slide 22: MODIS and VIIRS: Air Quality
	Slide 23: Aerosol Optical Depth
	Slide 24: Different Retrieval Algorithms
	Slide 25: Fire Detection
	Slide 26: VIIRS Smoke and Dust Index
	Slide 27: Geostationary AOD
	Slide 28: Satellite-Derived Surface PM2.5
	Slide 29: MAIA
	Slide 30: OUTLINE
	Slide 31: OMI and TROPOMI
	Slide 32: OMI and TROPOMI: Trace Gases
	Slide 33: Ozone
	Slide 34: Nitrogen Dioxide
	Slide 35: Formaldehyde
	Slide 36: Sulfur Dioxide
	Slide 37: Carbon Monoxide and Methane
	Slide 38: Emissions from Satellites
	Slide 39: TEMPO
	Slide 40: OUTLINE
	Slide 41: NASA Worldview
	Slide 42: NASA Worldview
	Slide 43: NASA Earthdata Search
	Slide 44: NASA Giovanni
	Slide 45: NASA Giovanni
	Slide 46: NASA Giovanni
	Slide 47: OUTLINE
	Slide 48: Applied Remote Sensing Training (ARSET) 
	Slide 49: Health and Air Quality Applied Science Team (HAQAST) 
	Slide 50

