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About ARSET

Å ARSET provides accessible, relevant, and cost -

free training on remote sensing satellites, 

sensors, methods, and tools.

Å Trainings include a variety of applications of 
satellite data and are tailored to audiences 

with a variety of experience levels.
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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-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
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About ARSET Trainings

Å Online or in -person

Å Live and instructor -led or 
asynchronous self -paced

Å Cost -free

Å Bilingual and multilingual options

Å Only use open -source software 

and data

Å Accommodate differing levels of 

expertise

Å Visit the ARSET website to learn 

more.

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


Geostationary Remote Sensing of Trace Gases for 

Air Quality Applications in North America
Overview



6NASA ARSET ðGeostationary Remote Sensing of Trace Gases for Air Quality Applications in North America

Hook/Attention -Getter

Å Highlighting purpose of training

Å Possible Ideas:

ï Overall motivation (from workplan)

ï Key stats (if applicable)

ï Causal relationships/impacts

ï Big-picture/long -term question addressed by this training

ï Quote

ï Socioeconomic impacts

Å 30-60 seconds max

Å Minimal text

Å Illustrative image or video

Source: NASA GSFC Scientific 

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

https://svs.gsfc.nasa.gov/5142/
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Training Learning Objectives

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

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

Å Identify available trace gas data products from TEMPO and their associated characteristics

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

events

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

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

Å 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

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

Å Fundamentals of Remote Sensing

https://appliedsciences.nasa.gov/get-involved/training/english/arset-fundamentals-remote-sensing
https://appliedsciences.nasa.gov/get-involved/training/english/arset-fundamentals-remote-sensing
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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. 

Training Outline

Part 2

Case Studies in Trace Gas Monitoring 
with North American Geostationary 

Sensors

January 22, 2026

11:00 - 12:30 EDT

15:00 ð16:30 EDT

January 20, 2026

11:00 - 12:30 EDT

15:00 ð16:30 EDT

Part 1

North American Geostationary Trace 
Gas Data Products for Air Quality

Homework

Opens January 22 ðDue February 5 ðPosted on Training Webpage 



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
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Trainers

Kristina Pistone

Research Scientist

Bay Area Environmental 

Research Institute & NASA ARC

Aaron Naeger

TEMPO Mission Applications 
Lead

NASA MSFC
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Part 1 Objectives

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

Within Part 1:

Å Describe the basic characteristics of TEMPO and its benefits and limitations compared to other air -

quality -relevant missions and instruments

Å Identify available trace gas data products from TEMPO and their associated characteristics

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

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

events
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How to Ask Questions

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

Å 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.

Å 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.



Overview of the TEMPO Instrument and Its Capabilities
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TEMPO Mission

Å To provide high -resolution measurements on 

air pollutants across North America every 

hour during daytime to:

ï Deliver revolutionary air quality data

ï Improve air quality forecasts and alerts

ï Better understand pollution sources

ï Inform policy and regulation

ï Enhance health studies from pollution 

exposures

Credit: Maxar Technologies

TEMPO instrument completely integrated on satellite 

IS-40e

Nitrogen 

Dioxide (NO 2)

Formaldehyde 

(HCHO)

Total Ozone 

(O 3)
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TEMPO Quick Facts

ÅNASAõs first EVI selected in 2012 and joint project with 

Smithsonian Astrophysical Observatory

ÅHyperspectral UV/Visible spectrometer sensitive to 

policy -relevant trace gases (NO 2, SO2, O3) and aerosols

ÅTEMPO Field of Regard ( FoR) covers 
greater North America 

ÅApril 7, 2023: Launched into GEO orbit on SpaceX rocket

ÅAugust 2, 2023: First Light operations 

ÅOctober 19, 2023: Nominal operations commence

ÅJune 19, 2025: Base mission ended, 

but extended through September 2026  

Standard

MAX FOR

~293-494 nm ~538-741 nm

Credit: Walter Scriptunas /Center for Astrophysics | 

Harvard & Smithsonian
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Core Applications of TEMPO

Multi -Pollutant 

Data 

Assimilation

Operational 

Water Vapor 

Assimilation

Daily UV 

Exposures

Ozone -

Induced Crop

Damages

Estimate 

Emissions

Monitoring 

Air Quality 

Disasters

Assessing Long-

Term Pollutant 

Trends

Short-Term 

Exposure 

Assessments

Harmful 

Algal Blooms Vegetation 

& Ocean 

Monitoring

Air Pollution 

Emissions & 

Monitoring

Air Quality 

Management

Public 

Health

Weather 

Analysis & 

Forecasting

Air Quality 

Modeling & 

Forecasting

AQ Forecast

Support & 

Evaluation

Exceptional 

Events

Forecasting 

Weather 

Disasters 

Early adopters provided 
key input on TEMPO core 

applications.
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TEMPOõs Footprint Size Across the Field of Regard

@Center of Field of Regard

33.7°N, 91.7°W

Location
N/S

(km)

E/W

(km)

VZA 

(o)

33.7oN, 91.7oW 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 5.4 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
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TEMPOõs Footprints Across Los Angeles
~ 2.2 km  x  5.8 km 
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TEMPOõs Footprints Across New York City
~ 2.4 km  x  5.2 km 
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TEMPOõs Footprints Across Mexico City
~ 1.6 km  x  4.7 km 



TEMPO Operational Scan Modes
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Nominal operations consist of both:

ÅStandard (hourly) daytime scans over full FoRand 

ÅòOptimizedó, shorter (30-40 minute) morning and afternoon scans over daylight portions of FoR

Nominal Operational Scans ðExample for July 26, 2024

Filter using

Clou d Fraction < 50% 
SZA < 80°
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Special Operation Scans ðExample for January 16, 2025

ÅSpecial 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.

Filter using

Clou d Fraction < 50% 
SZA < 80°
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Special Operation Scans ðExample for January 16 -17, 2025

ÅSpecial scans observed variability in 

NO2 columns which were not 

captured by standard scans.

Location of Palisades 
Fire ðJan 16 th

Downtown LA 
ðJan 17 th

Smoldering from the 

Palisades wildfire likely 
contributing to the NO 2

fluctuations observed by 

the special operations

Special scans observed strong 

NO2 variability in downtown Los 
Angeles the morning of Jan. 
17th , which was not captured by 

standard scans
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TEMPO Operations Log

Å Days when special operations were 

conducted can be found in the TEMPO 

Operations Log

Screen capture of section of operations log denoting a special 

operation:

QR Code for 
TEMPO Operations Log

https://github.com/Smithsonian/TEMPO-Observations-log/blob/main/daily_log.md


TEMPO Trace Gas Products
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How does TEMPO observe trace gas pollutants?

Vertical Column 
Density (VCD)

Slant Column 

Density (SCD)

Trace Gas 

Absorption (NO 2) 

Surface Reflectance

UV-VIS 

Radiation

TEMPO

Vertical Column 

Density (VCD)

Slant Column 

Density (SCD)

Cloud Reflectance

TOA 
Radiances

Aerosol 

Absorption/Scattering

TOA = Top-Of-Atmosphere

(DRAFT Example content to set up the 
next slide with the calculation info.  

Need SME revision)

ÅVertical density of a trace gas over 

each measured area (i.e., Vertical 

Column Density)is desired (WHY???)

ÅTEMPO is a GEO sensor; therefore, itõs 

not vertical over every area.  

ÅThe TEMPO view of most areas has a 

slant path (i.e. Slant Column Density)

ÅThis is not desired because éé

ÅIn order to determine the VCD, both 

the viewing path and the 

atmosphere in this path (i.e., Air Mass 
Factors) need to be estimated.

ÅAMF is ééé..

ÅTEMPOõs trace gas products are 

reported as Vertical Column 

Densities (VCDs) derived from 

satellite -measured TOA Radiances , 

Slant Column Densities (SCDs) , and 
sun and satellite viewing conditions

ÅVCDs provide information on the 

target trace gas within a standard -

ized atmospheric column.
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Deriving Slant to Vertical Column Data in TEMPO Retrievals  

ÅTEMPOõs trace gas retrievals are retrieved through the following process:

τ Derive Slant Column Densities (SCDs) from measured TOA radiances 

τ Vertical Column Densities (VCDs) calculated using Air Mass Factors (AMFs) 

τ AMFs calculated offline using radiative transfer model and input from a 

global 3 -D atmospheric composition model [i.e., Goddard Earth 
Observing System Composition Forecasting (GEOS -CF) System]

╥╒╓
╢╒╓

═╜╕
SCD ðSlant Column Density

AMF ðAir Mass Factor

VCD ðVertical Column Density

NO2 SCDs NO2 AMFs Total NO 2 VCDs
No Cloud Fraction Filter

Tropospheric NO 2 VCDs
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Stratosphere -Troposphere Separation in TEMPO Retrievals  

ÅThe stratosphere -troposphere separation method estimates the stratospheric NO 2 VCDs based on the 

SCDs, AMFs, and NO 2 columns from the GEOS -CF forecast (a priori).

ÅThe stratospheric NO 2 VCDs are then subtracted from the total NO 2 VCDs to arrive at the tropospheric 

NO2 VCDs. (note different scale, middle figure).

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

Total NO 2 VCDs

No Cloud Fraction Filter

Filter using

Clou d Fraction < 50% 

SZA < 80°

Stratospheric NO 2 VCDs Tropospheric NO 2 VCDs
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TEMPO Data Products: Baseline + SNWG NRT+ NOAA Aerosol

Level Product Filename Source Notable File Variables Resolution 
(km 2)

L1 Radiance RAD Baseline + SNWG Calibrated, Geolocated Radiances 2.0 x 4.75

L2 Cloud CLDO4 Baseline + SNWG Cloud Fraction, Cloud Pressure 2.0 x 4.75

Ozone Total 

Column

O3TOT Baseline Total Column O 3, UV Aerosol Index, Quality Flag 2.0 x 4.75

Nitrogen Dioxide NO2
Baseline + SNWG Tropospheric VCD, Total VCD, Cloud Fraction, Main 

Data Quality Flag

2.0 x 4.75

Formaldehyde HCHO Baseline + SNWG Total VCD, Cloud Fraction, Main Data Quality Flag 2.0 x 4.75

Ozone Profile O3PROF Baseline O3 Profile, Tropospheric O 3 column, Cloud Fraction 8.0 x 4.75 

AOD & ALH AODALH NOAA AOD, ALH, Data Quality Flag 2.0 x 4.75

Aerosol 

Detection 
Product (ADP)

ADP NOAA Dust/Smoke Discrimination, UV Absorbing Aerosol 

Index

2.0 x 4.75

L3 Same as L2 Same as L2 Baseline + SNWG Same Variables as L2  0.02Áx 0.02Á

L4 Surface PM 2.5 PM25 NOAA Hourly PM2.5 Estimation 2 km x 2 km

*

33.7°N, 91.7°W@Center of Field of Regard*

AOD: Aerosol 

Optical Depth

ALH: Aerosol    
Layer Height

SNWG: Satellite Needs Working Group (low latency version)

*

O3PROF L3 Product  Ą 0.04 x 0.04° Resolution*NOAA: National Oceanic and Atmospheric Administration



TEMPO Level 2 vs. Level 3 Products
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TEMPO Level 3 Product Methodology

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

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

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

V Ê
В ȟᶻ

В ȟ

Level 2 Level 3

Tropospheric NO 2

ÅLevel 3 data products area created from regridded Level 2 data 

Åarea -weighted approach to a 0.02 Ágrid for NO 2, HCHO, and total O 3, and 0.04 Ágrid for O 3 profile product

ÅThe 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).
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Level 2 Granule Data Across TEMPO FoRðJuly 26, 2024

Å9 different level 2 data granules compose the full TEMPO FoRduring the hourly, standard operations.

ÅNote: This changed from 10 different data granules starting September 29, 2023.

No Filters for Cloud 

Fraction and SZA
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Level 3 Scan Data Across TEMPO FoRðJuly 26, 2024

ÅLevel 2 granules are regridded using an area -weighted approach onto a regular 0.02 Ágrid across the 
TEMPO FoRto produce the level 3 scan files.

No Filters for Cloud 

Fraction and SZA

1851 - 1951 UTC
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TEMPO Level 2 vs. Level 3 NO2 Comparison

Filter using

Clou d Fraction < 50% 

SZA < 80°

Level 

2

Level 

3

~9:50 ~13:50 ~17:50

~9:50 ~13:50 ~17:50

ÅLevel 3 NO 2 maps 

have a smoother 

appearance 

compared to the 

level 2 NO 2 maps.

ÅAreas of large NO 2

gradients and fine -

scale hot spots 

can appear 
noticeably 

different between 

the level 2 and 

level 3 maps.


