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About ARSET




About ARSET

A ARSET provides accessible, relevant, and cost -
free training on remote sensing satellites,
sensors, methods, and tools.

A Trainings include a variety of applications of
satellite data and are tailored to audiences
with a variety of experience levels.
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AGRICULTURE

CLIMATE & RESILIENCE

DISASTERS

ECOLOGICAL CONSERVATION

HEALTH & AIR QUALITY

WATER RESOURCES

WILDLAND FIRES



https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-disasters-training
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-agriculture-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-climate-trainings
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/arset-health-air-quality-trainings
https://appliedsciences.nasa.gov/get-involved/training?search_api_fulltext=fire

About ARSET Trainings

To

Online or in -person

To

Live and instructor -led or
asynchronous self -paced

To

Cost -free

To

Bilingual and multilingual options

To

Only use open -source software
and data

A Accommodate differing levels of
expertise

A Visit the ARSET websiteto learn
more.

NASA

EARTH DATA Data ., Topics .~ Learn . Centers . Engage . About . News&Events .

Overview News Learn Contact Training Typesand Levels Resources

Home / Find Data / Projects / ARSET
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ARSET

Applied Remote Sensing Training Program

Build skills to use remote sensing data for a range of applications related FUNDING PROGRAMS
to air quality, public health, agriculture, disasters, ecological NASA Earth Action
conservation, water resource management, climate resilience, and Program

wildland fires. From ‘How do satellites work?' to ‘How can | use satellite
data to make a flood map?’ there are trainings available for all levels of
experience.

Not sure where to start? Browse our list of trainings. You can filter by theme, training level, and

training type. Or, browse our Online Resource Guide to quickly see descriptions of all of our

online trainings since 2015.

Learn more about our types and levels of training.

New to remote sensing and Earth observations? Check out our new interactive online, self-

paced Fundamentals of Remote Sensing training on the ARSET learning management system to
start learning.
Contact us or find answers to Frequently Asked Questions on our Resources page.

Don't miss a training! To join our mailing list and get updates on the latest trainings, send an

email with no subject line to arset-join@lists.nasa.gov = and follow the instructions sent in the
reply.



https://www.earthdata.nasa.gov/data/projects/arset

Geostationary Remote Sensing of Trace Gases for
Air Quality Applications in North America
Overview




02 Aug 2023 11:11 EDT
Nitrogen Dioxide Tropospheric Column Density

;. @

Source: NASA GSFC Scientific
Visualization Studio
https://svs.gsfc.nasa.gov/5142/



https://svs.gsfc.nasa.gov/5142/

Training Learning Objectives

By the end of this training, attendees will be able to:

A

A

To

To T

Describe the basic characteristics of TEMPO and its benefits and limitations compared to other air -
guality -relevant missions and instruments

|dentify available trace gas data products from TEMPO and their associated characteristics

Visualize hourly TEMPO trace gas data products using NASA Worldview for current and historical
events

Evaluate TEMPO trace gas products in Worldview to anticipate short -term air quality risks, such as
high concentrations of ozone precursors

Distinguish uses for TEMPO trace gas data products given cloud and solar zenith angle thresholds

Determine the spatial patterns, temporal trends, and likely sources of trace gases related to wildfire
smoke and urban area air pollution events using TEMPO data via Worldview

NASA ARSETS Geostationary Remote Sensing of Trace Gases for Air Quality Applications in North America


https://www.earthdata.nasa.gov/data/tools/worldview

Prerequisites

A Fundamentals of Remote Sensing
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https://appliedsciences.nasa.gov/get-involved/training/english/arset-fundamentals-remote-sensing
https://appliedsciences.nasa.gov/get-involved/training/english/arset-fundamentals-remote-sensing

Training Outline

Part 1 Part 2
North American Geostationary Trace Case Studies in Trace Gas Monitoring
Gas Data Products for Air Quality with North American Geostationary
Sensors
January 20, 2026 January 22, 2026
11:00 - 12:30 EDT 11:00 - 12:30 EDT
15:00 6 16:30 EDT 15:00 6 16:30 EDT

Homework
Opens January 22 0 Due February 5 8 Posted on Training Webpage

A certificate of completion will be awarded to those who attend all live sessions and
complete the homework assignment(s) before the given due date.
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Geostationary Remote Sensing of Trace Gases for
Air Quality Applications in North America
Part 1. North American Geostationary Trace Gas Data Products
for Air Quality




Trainers

Kristina Pistone Aaron Naeger
Research Scientist TEMPO Mission Applications
Bay Area Environmental Lead
Research Institute & NASA ARC NASA MSFC
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Part 1 Objectives

By the end of Part 1, attendees will be able to:

Within Part 1:

A Describe the basic characteristics of TEMPO and its benefits and limitations compared to other air -
guality -relevant missions and instruments

A 1dentify available trace gas data products from TEMPO and their associated characteristics
Distinguish uses for TEMPO trace gas data products given cloud and solar zenith angle thresholds

Visualize hourly TEMPO trace gas data products using NASA Worldview for current and historical
events

o I
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How to Ask Questions

o To

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.
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Overview of the TEMPO Instrument and Its Capabilities




TEMPO Mission

A To provide high -resolution measurements on
air pollutants across North America every
hour during daytime to:

i Deliver revolutionary air quality data

I Improve air quality forecasts and alerts
I Better understand pollution sources

I Inform policy and regulation

I Enhance health studies from pollution
exposures

TEMP_O instrgﬁjent;cdmpletely integrated on satellite
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TEMPO Quick Facts

TEMPO Field of Regard Range

ANASAGs first EVI selected in

Smithsonian Astrophysical Observatory

A Hyperspectral UV/Visible spectrometer sensitive to
policy -relevant trace gases (NO ,, SO,, O3) and aerosols

A TEMPO Field of Regard ( FoR) covers
greater North America
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A April 7, 2023: Launched into GEO orbit on SpaceX rocket
A August 2, 2023: First Light operations
A October 19, 2023: Nominal operations commence

A June 19, 2025: Base mission ended,
but extended through September 2026
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Core Applications of TEMPO Early adopters provided

key input on TEMPO core

Operational Multi -Pollutant applications.

Water Vapor Pgta :
Assimilation Assimilation

AQ Forecast
Forecasting Support &
Weather Evaluation

Disasters Air Quality
Analysis & Modeling-&
Forecasting | Forecasting Estimate

Emissions
Algal Blooms Vegetation Air Pollution
& Ocean Emissions &
Monitoring Monitoring Monitoring

Ozone - Air Quality
Induced Crop Disasters

AlrQuality

Damages
J Vianagement

Exceptional

Short-Term Events

Exposure
Assessments

_ Assessing Long-
Daily UV Term Pollutant
Exposures Trends
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TEMPOOs Footprint

IVPO East-Wes

-

t Pixel Size
K% = 5
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ze Across the Fi e
@-Center of Field of Regard
33.7°N, 91.7°W

Location N/S E/W VZA
(km) | (km) (°)

33.7°N, 91.7°W 2.0 4.8 39.1
Washington, DC 2.3 5.1 47.3
Seattle 3.3 6.5 62.5
Los Angeles 2.2 5.8 49.0
Boston 2.5 2.4 52.9
Miami 1.8 4.8 32.4
San Juan 1.7 5.4 35.8
Mexico City 1.6 4.7 24.6
Can. Oil Sands 4.2 5.7 67.4
Juneau 5.9 9.1 75.9




TEMPOOs Footprints Across ngel e
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TOPANGE
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TEMPO Operational Scan Modes




Nominal Operational Scans o Example for July 26, 2024

TEMPO Tropospheric NO, 20240726 1031 - 1057 UTC

e 30
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N
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| | R Filter using
o
i%{> ; ﬁl % 3 Cloud Fraction < 50% ‘
5 5 I - . o “i.::’?;i o, . '_ X 0
2

SZA < 8C¢°

Nominal operations consist of both:
A Standard (hourly) daytime scans over full FoRand

AoOpti mi zedo,-40mmude) moening andBabternoon scans over daylight portions of FoR .
23
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Special Operation Scans o Example for January 16, 2025

TEMPO Tropospheric NO, 20250116 1254 - 1327 UTC

Filter using
Cloud Fraction < 50%
SZA < 8C¢°

A Special operations scans (~10 minutes) were conducted for a 4 -day period starting
Jan. 16-19, 2025, over the West Coast every other hour throughout the daytime.
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Special Operation Scans & Example for January 16 -17, 2025

TEMPO Tropospheric NO, 20250116 07:59 PST 104 TEMPO Location: 34.1 -118.53

—e— |f normal obs only

34.5°N

Smoldering from the

. ;q Palisades wildfire likely
“Je——=== contributing to the NO ,

fluctuations observed by
the special operations
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A Special scans observed variability in
NO, columns which were not Special scans observed strong

NO, variability in downtown Los
captured by standard scans. Angeles the morming of Jan,

17", which was not captured by
standard scans
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TEMPO Operations Log

A Days when special operations were QR Code fpr
conducted can be found in the TEMPO TEMPO Operations Log
Operations Log

Screen capture of section of operations log denoting a special
operation:

Solar Cal WD
01/16/2025 Citilights measurements, east-coast twilight scans are 6.27 sec exposures and will cover only the region from just
eastward of Cape Cod to just westward of Chicago, yielding 4 scans per session. The west-coast twilight scans are

~12.6 sec (2 coadds), 01/16-01/22.

01/16-01/19/2025  Special obs: 10-min scans of the LA region on 16-19 Jan (Thu-Sun). alternating hourly with FoR scans.

Solar Cal WD

01/23/2025 -
Citilights measurements, area scans (~12 sec, 2 coadds), 01/23-01/29.
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https://github.com/Smithsonian/TEMPO-Observations-log/blob/main/daily_log.md

TEMPO Trace Gas Products




How does TEMPO observe trace gas pollutants?

ATEMPOGs trace gas p
y reported as Vertical Column
Densities (VCDs) derived from
TOA ’ satellite -measured ,
UV-VIS Radiances,# Slant Column Densities (SCDs) , and

Radiation < sun and satellite viewing conditions

A VCDs provide information on the
Aerosol target trace gas within a standard -
Absorption/Scatteringl- ized atmospheric column.

Cloud Reflectance- -

frace Gas

Absorption (NO ) = S—-

Surface Reflectance

TOA = Top-Of-Atmosphere
NASA ARSET Geostationary Remote Sensing of Trace Gases for Air Quality Applications in North America 28




Deriving Slant to Vertical Column Data in TEMPO Retrievals

-|||="— ATEMPOG6s trace gas retrievals are retr
LI L 3 1 Derive Slant Column Densities (SCDs) from measured TOA radiances
Vertical Column Densities (VCDs) calculated using Air Mass Factors (AMFs)

SCD 6 Slant Column Density _ . . :

AME 8 Air Mass Fact T AMFs calculated offline using radiative transfer model and input from a
T _aSS actor _ global 3 -D atmospheric composition model [i.e., Goddard Earth

VCD 6 Vertical Column Density Observing System Composition Forecasting (GEOS -CF) System]

No Cloud Fraction Filter

20240726 2351 - 2358 UTC
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Stratosphere -Troposphere Separation in TEMPO Retrievals

A The stratosphere -troposphere separation method estimates the stratospheric NO » VCDs based on the
SCDs, AMFs, and NO , columns from the GEOS -CF forecast (a priori).

A The stratospheric NO , VCDs are then subtracted from the total NO » VCDs to arrive at the tropospheric
NO, VCDs. (note different scale, middle figure).

A Quiality assurance variables can be used to filter lower quality (i.e., larger uncertainty) data.

Filter using
Clou d Fraction < 50%
SZA < 8C°

—. : : 2358 UTC

No Cloud Fraction Filter
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TEMPO Data Products: Baseline + SNWG NRT+ NOAA Aerosol

Notbi Fie Variaie

Radiance Baseline + SNWG Calibrated, Geolocated Radiances 2.0x4.75
L2 Cloud CLDO4 Baseline + SNWG Cloud Fraction, Cloud Pressure 2.0x4.75
Ozone Total O3TOT Baseline Total Column O 3, UV Aerosol Index, Quality Flag 2.0x4.75
Column
Nitrogen Dioxide NO, Baseline + SNWG Tropospheric VCD, Total VCD, Cloud Fraction, Main 2.0x4.75
Data Quality Flag
Formaldehyde HCHO Baseline + SNWG Total VCD, Cloud Fraction, Main Data Quality Flag 2.0x4.75
AOD: Aerosol  ©zone Profile O3PROF Baseline O, Profile, Tropospheric O 5 column, Cloud Fraction 8.0x4.75
Optical Depth
AOD & ALH AODALH NOAA AOD, ALH, Data Quality Flag 2.0x4.75
ALH: Aerosol L :
: Aerosol ADP NOAA Dust/Smoke Discrimination, UV Absorbing Aerosol 2.0x4.75
Layer Height :
Detection Index
Product (ADP)
L3 Same as L2 Same as L2 Baseline + SNWG Same Variables as L2 0.02A 0.02A%
Surface PM, ¢ PM25 NOAA Hourly PM, ¢ Estimation 2 km x 2 km

SNWG: Satellite Needs Working Group (low latency version) * @Center of Field of Regard  33.7°N, 91.7°W
NOAA: National Oceanic and Atmospheric Administration * O3PROF L3 Product A 0.04 x 0.04° Resolution .
31

NASA ARSET Geostationary Remote Sensing of Trace Gases for Air Quality Applications in North America




TEMPO Level 2 vs. Level 3 Products




TEMPO Level 3 Product Methodology

A Level 3 data products area created from regridded Level 2 data
A area -weighted approach to a0.02  Agrid for NO ,, HCHO, and total O 5, and 0.04 Agrid for O ; profile product
A The method (see equation below) is purely geometric regridding where the contributions to a grid

point are weighted by the geometric area of overlap of each level 2 pixel (footprint).

Level 3

20250618 09:06 PDT

w
o

A B (h)z
V(B B)ﬁ()

N
;]

N
o

a(j,i) = Polygonal area where Level 2 pixel, i,
overlaps Level 3 grid point , |

._.
wm
1015 molec./cm?

v(i) = Value of Level 2 pixel, |

10

V() = Computed area -weighted mean value
for Level 3 grid point , j

Tropospheric NO ,




Level 2 Granule Data Across TEMPO FoRd July 26, 2024

TEMPO Tropospheric NO, 20240726 1851 - 1858 UTC

30

N
U

N
o

o1
101> molec./cm?

- 10
-5
No Filters for Cloud ‘
Fraction and SZA 0

.
B

A 9 different level 2 data granules compose the full TEMPO FoR during the hourly, standard operations.
A Note: This changed from 10 different data granules starting September 29, 2023.
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Level 3 Scan Data Across TEMPO FoRd July 26, 2024

TEMPO Tropospherlc NO> 20240726 1851-1951 UTC

o

[
(@
101> molec./cm?

- 10
Pl
No Filters for Cloud
Fraction and SZA 0

= 2 - =

A Level 2 granules are regridded using an area -weighted approach onto a regular 0.02 Agrid across the
TEMPOFoRto produce the level 3 scan files.
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Filter using
Clou d Fraction < 50%

TEMPO Level 2 vs. Level 3 NO, Comparison SZA < 80°

TEMPO Tropospheric NO; 20250619 17:53 PDT

2

A Level 3 NO , maps
have a smoother
appearance
compared to the
level 2 NO , maps.

33.5°N

118.5°W 118°W 117.5°W A Areas of Iarge NO 2
gradients and fine -
scale hot spots

can appear
noticeably

different between
the level 2 and

level 3 maps.

Level
3

34°N

33.5°N
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