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Satellite observations offer the only truly global coverage of
many atmospheric pollutants

Recent media coverage of the COVID-19 pandemic has
highlighted improvements in air quality due to the economic
downturn

Many of these reports have focused on spaced based
observations of nitrogen dioxide

This training will introduce new users of satellite data to how
satellites make their measurements, what pollutants are
measured from satellites, do’s and don’ts for interpreting

satellite data, and how to access and visualize NASA data.
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ARSET Overview

The Applied Remote Sensing Training Program

ARSET provides cutting edge remote sensing education
through online and in-person trainings. These trainings are
offered in a variety of formats that fit learners’ needs and
cover a variety of satellites, sensors, and applications.

Welbsite YouTube Twitter
Air Quality Disasters )

Sign up for
| our mailing
‘ list!
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http://arset.gsfc.nasa.gov/
https://www.youtube.com/user/NASAgovVideo/playlists%3Fview=50&sort=dd&shelf_id=7
https://twitter.com/NASAARSET
https://lists.nasa.gov/mailman/listinfo/arset

ARSET Overview
Notable Statistics
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Missions Covered by ARSET

Landsat 7

B Ccnes

v RUSGS

Landsat Data Continuity Mission (LDCM)

n d Sat 8 4 " (% Orbiting Carbon ﬂhsa:ralwy

Continuing the record of the
Earth’s continental surfaces
as seen from space

Continuing the data record of the Earth's land cover

NASA's Applied Remote Sensing Training Program
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Ocean Surface
Topography Mission
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Learning Objectives

By the end of this presentation, you will
be able to:

March
2015-2019 Avg

e
@,

Understand what satellites measure

Explain what plofs like these are >

showing

Describe the capabilities and
limitations of satellite NO, observations

Find and download satellite imagery
for NO,

10" molecules/cm?

NASA's Applied Remote Sensing Training Program




Global Burden of Air Pollution

« AIr pollution was responsible for
4.2 million deaths in 2016.

— 7.6% of all deaths in 2016

« 91% of the world’s population
lives in a region where air
pollution levels exceed WHO
guidelines.

« Some of these regions are the
most poorly monitored.

» Satellite data can help quantify
the impact on human health.

NASA's Applied Remote Sensing Training Program

AIR POLLUTION - THE SILENT KILLER

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

Every year, around

7 MILLION
DEATHS

are due to exposure
from both outdoor
and household air
pollution.

REGIONAL ESTIMATES ACCORDING

Over 2 million

in South-East Asia Region

Over 2 million

in Western Pacific Region

Nearly 1 million

in Africa Region

About 500 000

deaths in Eastern Mediterranean Region

About 500 000

deaths in European Region

TO WHO REGIONAL GROUPINGS:

More than 300 000
in the Region of the Americas

#AirPollution (&g lorld Health

v . n
¥ Organization

CLEAN AIR FOR HEALTH

Source: https://www.who.int/health-topics/air-pollution



https://www.who.int/health-topics/air-pollution

Space-Based Observations Relevant for Air Quality

« Gases
— Ozone (Oy)
— Carbon Monoxide (CO)
— Nitrogen Dioxide (NO,) t———
— Sulfur Dioxide (SO,)
— Greenhouse Gases (CO,, Methane)

Today's presentation
focuses on NO,

 Particles/Aerosols
— True Color Imagery
— Aerosol Optical Depth

* Fire Detection

..- . NASA's Applied Remote Sensing Training Program 9



Why does NASA measure NO,?

* NO, is a criteria pollutant regulated
by the U.S. EPA (and in many other

countries) and can be harmful to
humans.

* Produces ozone, another pollutant

* Produces acid rain, which is
defrimental to ecosystems

» Sources of NO,:
— Lightning, fires, soils, combustion of
fossil fuels (e.g., cars, power plants,
manufacturing)

h NASA's Applied Remote Sensing Training Program

Tropospheric ‘
Column NO, |
from OM|

2014

hitps://svs.gsfc.nasa.qov/4412

Most of the NO,, pollution is at
ground level, where ecosystems
and people live and breathe.


https://svs.gsfc.nasa.gov/4412

Remote Sensing Basics



Air Pollution Monitoring

Ground
Measurements

Air & Space
Observations

Models

NASA's Applied Remote Sensing Training Program




NASA Earth Science
Satellites: Present to 2023

H (Pre)Formulation
B Implementation
B Primary Ops

M Extended Ops

JPSS-2 Instruments
OMPS-Limb (2019)

st

*"PREFIRE (2) (TBD)

‘il ’-~-’ SWOT (2021)

T TEMPO (~2021)
" GRACE-FO (2) (2023)

-

_ ICESat-2 (2018) CYGNS

Landsat 7

(USGS)
(~2022)

Terra (>2021)

Landsat 8
' (USGS)
(>2022)

ss\‘\\ Aqua (>2022)

CloudSat (~2018)

GPM (>2022) CALIPSO i~

.. 0C0-2(>2022)
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Satellites vs. Instruments

NASA satellites carry one or more instruments.
Satellite instruments provide observations of the Earth and atmosphere.
The Aura Satellite, launched in 2004, carries the OMI instrument (among others).

OMI measures NO,! More on that later.

W=

Avura Satellite

‘ )| (ol ‘ '*;‘n : /
HIRDLS
OMI TES MLS

NASA's Applied Remote Sensing Training Program 14




What is remote sensing?

Collecting information about an object without being in
direct physical contact with it.

... . NASA's Applied Remote Sensing Training Program 15



What do satellite instruments measure?

* The intensity of reflected and
emitted radiation to space is
influenced by the surface and
atmospheric conditions.

« Satellites instruments measure this
reflected and emitted radiation, so
they contain information about the
surface and atmospheric conditions.

 We know the distinct absorption
spectra of each frace gas.

Water Grass Bare Soil Pavement Built-Up Area

« We can identify a “spectral
fingerprint” for each atmospheric
constituent.

NASA's Applied Remote Sensing Training Program 16




How do we get from satellite measurements to images, and ﬂ
then to observed changes in air pollution over time?

.

Theoretical :
calculations Geophysical Parameter
: (€.g. NO,)

Satellite Measured assumptions about

Spectral Radiance the Earth-
and Irradiance atmosphere system,
and computer
algorithms

Applications
(e.g. pollution changes
over time)

h NASA's Applied Remote Sensing Training Program 17 @




“A Picture is Worth a Thousand Words”

A satellite picture is worth-e-millions of data points.
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Pixel - The Smallest Unit of an Image

SRR T i T
- 2k X

i Column

Row

* An image is made up individual picture

elements — called pixels — arranged in
columns in rows.

» Each pixel represents an area on the
Earth’s surface and has a unique value.

« Spatial resolution is defined by the size
of a pixel.

NASA's Applied Remote Sensing Training Program 19 @




Why is spatial resolution important?

Higher resolution means that we can identify more features.
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. NASA's Applied Remote Sensing Training Program
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Where do satellites make measurements?

Polar Orbit
Fixed, circular orbit above Earth
~600-1,000 km above Earth

Passes overhead at about the same
local solar time each day

Can provide global coverage

. . NASA's Applied Remote Sensing Training Program 21




Aura Collecting Observations from Polar Orbit

... . NASA's Applied Remote Sensing Training Program 22



How frequently do satellites provide observations?

* |If the swath width of an instrument is large enough, polar orbiting satellites can
provide a snapshot of global images every day.

* |If the instrument’s swath width leaves gaps between orbits, global coverage can
take longer than one day (OMI provides global coverage in 1-2 days).

NASA's Applied Remote Sensing Training Program 23 @



zone Monitoring Instrument

(OMI)



Ozone Monitoring Instrument (OMI)

Launched July 15,2004 -« Types of Measurements  ESSSRatlE

+ NASA EOS Aura Satellite — Total Column O3
. 740 wavelength bands — Tropospheric
, Column O,
« 1:45 p.m. equatorial A  ontical depth
crossing time B (inertj)\ic)) opticalaep
 Spatial resolution: B
13x24 km? olumn
Formaldehyde
(but larger near the Col NO
edges of the swath) - Loumn 2
, — Tropospheric column
« Temporal resolution:
Global coverage in 1-2 NO,
J — Column SO,

days

OMI data are freely available.
NASA's Applied Remote Sensing Training Program 25 @



OMI Nitrogen Dioxide (NO,) Data: Native Resolution

« OMI NO, data is available in its native

resolution (also known as Level 2) at the OMNO?2 Level 2
GES DISC. Search for OMNO?2. Native Resolution
e Fach orbit = 1 OMI data file Aura OMI MNO 17-:"'I'“(.3..'Octf11,2006)

« For advanced users, more information
about OMI Level 2 data is freely available
from ARSET's Advanced NO, webinar:
hitps://arset.gsfc.nasa.gov/airquality/webi
nars/advanced-NO2-2019

Total column amount NO,

« Areadme file can be found here: e R T

hitps.//disc.gsfc.nasa.gov/datasets/OMN
O2 003/summary

* Level 2 data and images can typically be
accessed within a day or two.

... . NASA's Applied Remote Sensing Training Program 26
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https://arset.gsfc.nasa.gov/airquality/webinars/advanced-NO2-2019
https://disc.gsfc.nasa.gov/datasets/OMNO2_003/summary
https://disc.gsfc.nasa.gov/

OMI Data: Gridded Products

* NASA also provides OMNO2d Level 3 Gridded OMNOZ2d_HR Level 3 Gridded
OMI data on uniform (0257 x 0.25%) (0.1%x0.17
. Daily, monthly Daily, monthly
grids (also known as

Level 3).

 These can take a
little longer to be
available (few days).

Daily - https://disc.gsfc.nasa.gov/ hitps://avdc.gsfc.nasa.gov/pub/
(txt, hdf, netcdf) data/satellite/Aura/OMI/VO3/L3/
Monthly - hitps://avdc.gsfc.nasa.gov/ OMNO2d _HR/

(available txt, hdf5) Daily: hdf5

Monthly: txt, netcdf

NASA's Applied Remote Sensing Training Program 27 @



https://disc.gsfc.nasa.gov/
https://avdc.gsfc.nasa.gov/
https://avdc.gsfc.nasa.gov/pub/data/satellite/Aura/OMI/V03/L3/OMNO2d_HR/

TS

Important Considerations When Using OMI NO, Data

» There has been 50% data loss from OMI since 2008 (the OMI row anomaly).

* |f using native resolution Level 2 data, an advanced user must apply additional
filters or quality flags contained in the data files.

* In gridded (Level 3) data, these quality flags have typically been applied.

« Disadvantages of Gridded Data: Can be coarser resolution, and loss of some

information due to averaging of data from various pixels in order to generate the
Level 3 grid.

OMI Tropospheric Column NO,
'  August 5, 2005

Loss of data
due to row
anomaly

August 5, 2015 B&!

... . NASA's Applied Remote Sensing Training Program 28
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What other satellite insiruments measure NO,?
TROPOMI

« Since March 2020, there have been numerous media reports showing global
changes in NO, from the TROPOMI instrument.

 This is an instrument on the Sentinel-5P satellite from the European Space Agency.
* Also provides global coverage

* Higher spatial resolution than OMI: 5.5x3.5 km

 Shorter historical record (launched in 2017)

» To learn more about TROPOMI, you can listen to the recording of this ARSET
training:
— hitps://arset.asfc.nasa.gov/airguality/webinars/advanced-NO2-2019

..- . NASA's Applied Remote Sensing Training Program 29
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Basics of NO, Image Interpretation



What does this image mean, and what features can | see?

Kolkata

March 25-April 25
2017-2019 Average

Low. NO; High
e
0.0 2.5 5.0 7.5 10.0
10> molecules/cm?

NASA's Applied Remote Sensing Training Program 31




Satellite vs. Ground-Based Instruments

Satellite

Top of the Atmosphere

Vertical Column

Measurement L | Total NO, Column
(molecules/cm?)

Surface Layer gl

v 2 a .

. . NASA's Applied Remote Sensing Training Program



The Total Column is Made Up of Almospheric Layers I :

 The atmosphere is Thermosphere  go km—
made up of layers;
each one has distinct
characteristics.
« We are going to focus
on the froposphere.
« Where we live
« Lowest layer ’
 Almost all weather
and clouds occur ozone layer
here :

Total Column
(molecules/cm?)

|

A
L
T

!
T
U
D
E

Tr ’s here“’""' Tropospheric Column
Sl (molecules/cm?)

Image: https://scied.ucar.edu/atmosphere-layers 3
h NASA's Applied Remote Sensing Training Program YOU Ore Here (Surfgce' ppm Or ug/m ) 33 @



https://scied.ucar.edu/atmosphere-layers

TS

What can a tropospheric column tell me about the surface?

» Using information about pollution sources
and atmospheric chemistry, we can infer
information about the vertical distribution of

a pollutant, including the amount near the
surface.

« Where are the pollutant sources?

— Most NO, is emitted at the surface (e.g.
vehicles, electrical generation).

 How long does it stay in the atmosphere?

— Near the surface, NO, is relatively short

lived (o.few hours), so pollution levels are Loss Pollutant More Pollutant
much higher around a source.

Longer Lifetime:
More mixing
throughout
troposphere

Height

Short Lifetime:
Higher levels

at the surface
near Sources

... . NASA's Applied Remote Sensing Training Program 34



Changes in the NO, Column Can Give Us Information about
Changes at the Surface

% Change from 2005 to 2013 dise

[= ' £ e O
S N C }Jll LS 2 ?2
q ] - £ X
: } ' \Tv | A 18
; { L | = 3 ' 3 24
\0 e 30

s

]
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___Satellite Surface s

Image Credit: Lamsal et al. (2015)
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What does this image mean, and what features can | see?

* The color bar indicates the amount of
NO, from the surface to the top of the
tropopause (molecules/cm?2).

* |If processed and interpreted carefully,
NO, levels observed from OMI serve as
an effective proxy for NO, levels at the
surface.

 This image has been produced by
averaging daily data over a 30-day
period over three years (2017-2019).

« OMI NO, imagery captures features at R March 25-April 25
local to regional scales. W, 0 Aveae

— Fine enough to resolve individuadl
power plants and large cities

¥ Kolkata

NASA's Applied Remote Sensing Training Program




What determines the amount of NO, at ground level?

Chemistry

NASA's Applied Remote Sensing Training Program 37




What determines the amount of NO, at ground level?

Emissions can vary depending on

fuel type and conditions, and have

both natural and man-made

SOUrces:

« Gasoline, diesel (vehicles)

« Coal and natural gas (electrical
generation)

« Lightning and fires

... . NASA's Applied Remote Sensing Training Program

What can change emissionse

Increased use of renewable
energy

Air quality or climate-change
policy or regulation
Unexpected changes

- Economic recession

- Natural disasters

- Lockdown due to COVID-19

- Sudden policy interventions
(e.g. Beijing Olympics)

. D



What determines the amount of NO, at ground level?

Chemistry

There are always emissions of NO, and other
pollutants into the atmosphere, but after they are
emitted, they undergo chemical reactions that
determine their lifetimes (how long they stay in the
atmosphere). The speed of these chemical
reactions can change depending on factors such
as the temperature and amount of sunlight.

One way we account for seasonal changes in

temperature is by looking at the same period over
different years.

h NASA's Applied Remote Sensing Training Program 39 @
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What determines the amount of NO, at ground level?

Weather varies from year to year and can impact the  OMI Tropospheric Column NO,
May 10, 2020

amount of NO, at the surface.

« Winds: Winds can disperse emissions, changing NO,
levels depending on wind direction and speed

« Temperature, Clouds: Higher temperatures and/or
more sunlight can speed up NO, chemisiry in the air.

« Clouds can also interfere with an instrument’s ability |
to “see” all the way to the surface.

* Rain: Rain can wash away pollutants, cleaning the
air and lowering pollutant levels.

... . NASA's Applied Remote Sensing Training Program 40
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So what can we see from this image?

10" molecules/cm?

NASA's Applied Remote Sensing Training Program 41 @




So what can we see from this image?

What quantity are we looking ate
Tropospheric Column NO,

Is this image for one day?

No, these images show averages of daily
data over a month.

s this data gridded<e Or at the native resolution
of the satellite?

This image was made using gridded data.
This data is produced by NASA and involves
carefully averaging and filtering the native
resolufion data from the satellite.

NASA's Applied Remote Sensing Training Program

10" molecules/cm?
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So what can we see from this image?

Is this a map of NO, af the surface, where people
breathee
No, this is a map of tropospheric column NO,, which
is the fofal amount of NO, from the surface to the
top of the troposphere.
Can changes in the tropospheric column tell me
information about changes at the surfacee
Yes, sources of NO, are primarily af the surface,
and its lifetime is shorft, leading to high values near
sources.

Are all the changes between the top and bottom

image due to the lockdown in response to COVID-192 |

No, the amount of NO, depends on:

emissions + chemistry + weather

Calculating the change in NO, from the lockdown
requires careful and rigorous scientific analysis.

NASA's Applied Remote Sensing Training Program

\ 'L‘ March

/ 2015-2019 Avg.

5.0
10" molecules/cm?
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Practical Uses of NO, Satellite Images and Data



Practical Uses of NO, Satellite Images and data

* Monitoring changes in pollution from fossil fuels due to:
- Air quality or climate-change policy or regulation
- Changes in the economic output - as long as the the world’s economies are
mostly driven by fossil fuels (e.g. lockdown due to COVID-19)

- Increased use of renewable energy
« Detection of point source emissions: e.g. power plants, tar sands, smelters
« Satellite-model inter-comparisons: used by agencies such as the US EPA
« Assimilation into air quality models: fo improve air quality forecasts
« Proxy for co-emitted pollutants, such as greenhouse gases (CO,)

. . NASA's Applied Remote Sensing Training Program 45




OMI Detects NO, Changes in Pollution Over Time

Between 2005 and 2018, air quality regulation led to large decreases in NO.,.

Image Credit: B. Duncan

NASA's Applied Remote Sensing Training Program




Recent decreases in NO, are lower than an average of the

previous four years.

=

March 15-April 15
2015-2019 Average

NO,

1
- 125 250 375
* Tallahassee */***f
* Woodville -

10'* molecules/cm?
nama City
ﬁ L

March 15-April 15
2015-2019 Average

Low. NO, High
< I
0.00 1.25 2.50 375 5.00
10'* molecules/cm’ sarasota  ?

s
« North Port ‘

A8« Cape Coral

+ Bonita Springs

L Marco Island

o

« Fayetteville

+ Laurinburg

March 15-April 15
2020 Average

1
¥ 2.50
* Tallahassee **°°" * Nas

Mma’ Woodville J 10"° molecules/cm’
AN Py Y fak

-« Tallahassee ~
* Woodville

March 15-April 15
2020 Average

<
L NO, Tampa
- Bt. Petersbthé

< 1
0.00 1.25 250 3.75 5,00
10'° molecules/cm?

NO, levels from
March 15 — April 15 of
2020 were 30-40%
lower than the
average from 2015-
2019

The images were released in April and
May and are available at
https://svs.asfc.nasa.gov/4810.

More details can be found at
https://airquality.gsfc.nasa.gov.

47
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Recent decreases in NO, are lower than an average of the
previous four years.

In South Asia, NO, levels
. from March 25 — April 25

of 2020 were 30-60%
lower than the average

Karachi ’ , , : Dhaka from 20] 7‘201 9,

-36% Ch
OUERLES 45% Change

, e with some of the highest
: b e  Kolkata . .
umbal” (N reductions in densely
populated areas with
March 25-April 25 March 25-April 25 the strictest stay-at-
2017-2019 Average e 2020 Average home Orders

High
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OMI Detects NO, Increases from Oil and Natural Gas
Activities

T S

" 2005-2014

North
Dakota

Texas |
Permian Basin

w® .

‘Bagle Ford (&%

. NASA's Applied Remote Sensing Training Program Courtesy of Bryan Duncan 49



Data from OMI has been used to estimate surface level NO,

« Using information from an
atmospheric chemistry model,
tropospheric column NO, from
OMI has been used to estimate
surface level NO.,,.

e Estimates are available as
monthly means.

* Note: This is a research product

and not an official NASA product.

. . NASA's Applied Remote Sensing Training Program

Time Period 2005-2016
Available Product Monthly Mean
Instfruments OM|
Product Resolution 0.1°x0.1°

Welbsite

https://avdc.gsfc.nasa.g
ov/pub/data/satellite/Au
ra/OMI/V0O3/L4/OMI Surfa

ce NO2/Monthly/



https://avdc.gsfc.nasa.gov/pub/data/satellite/Aura/OMI/V03/L4/OMI_Surface_NO2/Monthly/

How do | access NO, data and ima

gese



OMI Data

Gridded and Native Gridded Data and
Resolution Data Images

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

S DISC # A% reeamack Login Sign up

o8

T OATR Find a DAAC + @ GODDARD SPACE FLIGHT CENTER ‘ You are not logged in.

validation data cernten

oo

Explore...
& Data Colecti
OVERVIEW/ HOME
Browse Data by Category -
The AVDC Latest Images Latest News
- Apr 29, 2020 - OMHCHOPCA v1.0
The Aura Validation Data Center May 10, 2020 L2 files online [>]

(AVDC) s a centralized, long-term,
archive for validation data hosted by Total NO2 vertical column densities (VCD)
the Atmospheric Chemistry and
Dynamics Branch atthe National
Aeronautics and Space
Administration (NASA) Goddard
Space Flight Center (GSFC) in
Greenbelt, Maryland. The AVDC
mission is to support the Earth
Observing System (EOS)-Aura
validation and science activities,

Sign up for an Earthdata account to

Science satellites validation

- Mar 31, 2020 - Reprocessed OMSO2
L2 overpass files online [>]

- Mar 12, 2020 - FluxSat_GPP v1.1
data online [>]

Featured Gallery Image:

Quick Links

- AVDC public data access [>]
- GEOMS data upload [>]

- GEOMS overview [>]

- DSCOVR Mission [>]

activities.
May 10, 2020 :
download data oo 3t ecess
originates from several special Tropospheric NO2 CS$30 vertical column densities (vCD) - Summary of volcanic activity (S. T.

Aura validation campaigns, NASA Massie, NCAR) [>]
aircraft and balloon deployments, -

established measurement
networks for collection atmospheric
data, the Network for Detection of
Atmospheric Composition Change
(NDACC), the Southern
Hemisphere Additional
Ozonesondes (SHADOZ), and the
World Meteorological Organizatio
(WMO)'s Global Atmosphere Wz th
(GAW), among others.

_.more data

—

NASA's Applied Remote Sensing Training Program 52



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

NASA Worldview

https://worldview.earthdata.nasa.qov/

« Application that allows the
user fo:

— Interactively browse, save,
or share satellite imagery
layers

— Download the data

« Some imagery available in
near real time (NRT) or within
three hours of observation

* This tool will be explored
during Thursday's webinar.

NASA's Applied Remote Sensing Training Program
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https://worldview.earthdata.nasa.gov/

NASA Goddard Space Flight Center (GSFC) Air Quality Website

hitps://airquality.gsfc.nasa.gov/

Pollutants
Lots of info,
ready-made
images &
animations

Impacts

Overview of how air
pollution affects
human health &
agriculture

-

AirQuality

Observations from Space

Impacts Resources ~

NASA Air Quality Group Response to the COVID-19 Pandemic

EOS Project

NASA's Air Quality grou” #( be regularly producing images from data collected from the Ozone Monitoring
Instrument aboard € Aura satellite showing how one air pollutant, nitrogen dioxide (NO2), is changing
due to evolving r strictions during the COVID-19 pandemic.

All imagen’ s being archived on the Air Quality news page, as well as on NASA’s Scientific Visualization
Studic «ebsite. These images are free and publicly available.

M 5 is primarily emitted from burning fossil fuels (diesel, gasoline, coal) when driving cars and generating

/electricity. Therefore, changes in NO2 levels can be used as an indicator of changes in human activity if the
d

ata are properly processed and interpreted.
Latest NO; Imagery Related to Restrictions in Place Due to COVID-19:

South Asia: On March 24, 2020, Prime Minister Modi ordered a nationwide stay-at-home order for India's 1.3
billion citizens in an attempt to slow the spread of COVID-19. As a consequence, less fossil fuels are being
consumed and, subsequently, less air pollution is being emitted in India and also in neighboring countries,
including Pakistan, Nepal, Bangladesh, and Sri Lanka.

The images show that widespread decreases (~30-60%) in NO2 levels have occurred over most of South
Asia. For instance NO2 levels decreased by about 45% in Lahore, Pakistan, 45% in Dhaka, and 55% in Delhi,
India. The highest NO> levels that remain in South Asia are located in eastern India and are primarily
associated with electricity generation by thermal power plants.

Pandemic Before and After: South Asia: 2017-2019 versus 2020
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OZONE HOLE WATCH

St Search this site

NASA Food Security
Initiative

The NASA Goddard Space Flight
Center's Food Security Initiative
promotes the use of Earth
observations and Earth science
data, models, and knowledge
provide essential information and
tools to support global food
security. (Photo by Ishay Botbol
from Pexels)

NASA AQ Forecast

Resources

Webtools &
data
Factsheets
AQ welbsites
Qutreach

Sidebar: links to
NASA Programs

Food Security
AQ Forecasts
ARSET

HAQAST

Applied Sciences
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https://airquality.gsfc.nasa.gov/

Glovanni -

The Bridge Between Data and Science:
An Online Visualization and Analysis Tool



H
NASA Giovanni .-'

* All steps of this demonstration are in the fraining
materials

* YOou do not need to do these steps as | do them, but if
you want to follow along as | do it, please use this site:
https://disc-beta.gsfc.nasa.gov/giovanni/

* [f you have a question, we can address it during the
Q&A, or feel free to email me after the webinar

..- . NASA's Applied Remote Sensing Training Program 56


https://disc-beta.gsfc.nasa.gov/giovanni/

Visit https://urs.earthdata.nasa.gov/users/new

EARTHDATA LOGIN

Register for an Earthdata Login Profile

Profile Information

Username:*

Password: *

Password Confirmation: *

NASA's Applied Remote Sensing Training Program

* Required field
Username must:

= Be a Minimum of 4 characters

= Be a Maximum of 30 characters

= Use |etters, numbers, periods and
underscores

= Not contain any blank spaces

= Not begin, end or contain two consecutive
special characters(. _)

Password must contain:

= Minimum of 8 characters
= One Uppercase letter

= One Lowercase letter

= One Number



https://urs.earthdata.nasa.gov/users/new

Time Averaged Maps: Step 1

« Go to the Giovanni website: http://giovanni.gsfc.nasa.gov/qgiovanni/

Nasa EARTHDATA Find a DAAC -~ °

Gl OVANN’ The Bridge Between Data and Science v.4.33 Feedback Help  Login
MODIS-Aqua SST Version 2019.0 data now available in Giovanni ... [1 of 1 messages] Read More

Select Plot

[ ® Maps: Time Averaged Map * -] O Comparisons: Select... v || O Vertical: Select... ¥ | O Time Series: Select... v | O Miscellaneous: Select... ¥

Select Date Range (UTC) Select Region (Bounding Box or Shape)
YYYY-MM-DD. HH:mm Format: West, South, East, North
- - B : to
Valid Range: 1948-01-01 to 2020-05-12

Select Variables
¥ Observations Number of matching Variables: 0 of 1495 Total Variable(s) included in Plot: 0

O Model (925) Keyword : | Search | Clear
O Observation (570)

¥ Disciplines
O Aerosols (195)
O Atmospheric Chemistry (78)
O Atmospheric Dynamics (423)
O Cryosphere (12)
L] 84

dasx~  Responsible NASA Official:' Angelali  Privacy PoweredBy A  Contact Us Plot Data
3 Web Curator: M. Hegde
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http://giovanni.gsfc.nasa.gov/giovanni/

Time Averaged Maps: Step 2

« Under Select Plot, go fo Maps and select Time Averaged Map

asd EARTHDATA Find a DAAC - ©

Gl OVANN’ The Bridge Between Data and Science v4.33 Feedback Help Login
MODIS-Aqua SST Version 2019.0 data now available in Giovanni ... [1 of 1 messages] Read More

) Comparisons: Select... v || O Vertical: Select.. v | | O Time Series: Select... ¥ = O Miscellaneous: Select... v

d g Select Region (Bounding Box or Shape)
YYYY-MM-DD. HH:mm Format: West, South, East, North

- - B : to
Valid Range: 1948-01-01 to 2020-05-12

Select Variables
¥ Observations Number of matching Variables: 0 of 1495 Total Variable(s) included in Plot: 0

O Model (925) Keyword : | Search | Clear
O Observation (570)
¥ Disciplines

O Aerosols (195)

O Atmospheric Chemistry (78)
O Atmospheric Dynamics (423)
O Cryosphere (12)
[] a,: 4

dasx~  Responsible NASA Ofﬂcial:' Angelali  Privacy PoweredBy A  Contact Us Plot Data
S Web Curator: M. Hegde
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Time Averaged Maps: Step 2

- Under Measurement, select NO,

Nasa EARTHDATA Find a DAAC -~

GIOVANN’ The Bridge Between Data and Science v4.33

Select Variables

¥ Observations

Number of matching Variables: 0 of 1495

e

Feedback Help Login

Total Variable(s) included in Plot: 0

O Model (925) Keyword :

Search | Clear

O Observation (570)

¥ Disciplines

O Aerosols (195)
O Atmospheric Chemistry (78)
O Atmospheric Dynamics (423)
O Cryosphere (12)
O Hydrology (684)

56

Scroll down

pny
er and Energy Cycle (756)

¥ Measurements

[1Aerosol Index (6)

T AT oeehQaiisakne 90

O Air Pressure Anomaly (1)

O Air Pressure (37)

O Air Temperature Anomaly (2)
O Air Temperature (77)

O Albedo (26)

] Altitude (8)

Responsible NASA Official: Angela Li
Web Curator: M. Hegde

... . NASA's Applied Remote Sensing Training Program

Privacy Powered By A

NASA

Contact Us

Plot Data
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Time Averaged Maps: Step 2

- Under Measurement, select NO,

Nass EARTHDATA Find a DAAC ~ °

Gl OVANN’ The Bridge Between Data and Science v 4.33 Feedback Help  Login
pl

LTEvapotranspiration

O Geopotential (13)
OHCHO (1)

O Heat Flux Anomaly (2)
O Heat Flux (54)

O Height, Level (12)
OIncident Radiation Anomaly (2)
OIncident Radiation (42)
Olron (2)

O lrradiance (6)

O Latent Heat Flux (6)

- aat (1

)
O Organic Carbon (10)
JOzone (30)
O Particulate Matter (45)
O Phytoplankton (18)
O Precipitation Anomaly (3)
O Precipitation (86)
O Radiation, Net (32)
O Reflectivity (30)
O Runoff Anomaly (1)
1 Runnf

dasx~  Responsible NASA Or'ﬂcial_: Angelali  Privacy @ PoweredBy A  Contact Us Plot Data
3 Web Curator: M. Hegde
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H
Time Averaged Maps: Step 3 ‘

 Select NO, Tropospheric Column (30% Cloud Screened) (OMNO2d_v003)

wasi EARTHDATA Find a DAAC -~

GIOVANN’ The Bridge Between Data and Science v 4.33

Feedback Help Login
Select Plot

(2]

[ ® Maps: Time Averaged Map * v] O Comparisons: Select... v || O Vertical: Select... v

O Time Series: Select... ¥ | = O Miscellaneous:

Select Date Range (UTC)
YYYY-MM-DD HH:mm

- - B to

Valid Range: 2004-10-01 to 2020-05-10

Please specify a start date.
Select Variables

Select Region (Bounding Box or Shape)
Format: West, South, East, North

¥ Observations
O Observation (2) Keyword : |

‘ Search | Clear
¥ Disciplines Variable Units

Number of matching Variables: 2 of 1495 Total Variable(s) included in Plot: 1

O Atmospheric Chemistry (2)

NO2 Total Column (30% Cloud °

Source Temp.Res. Spat.Res. Begin Date End Date

2020-05-10
O Aerosol Index (6) NO2 Ti heric Col 30% Cloud
O Aerosol Optical Depth (90) s“ee,:gg)is"g;;o;d“"l"ogg)‘—‘“’ 1lem2 2004-10-01 | 2020-05-10
O Air Pressure Anomaly (1) — =————
O Alr Pressure (37)
[ Air Temperature Anomal

NG Responsible NASA Official: Angela Li Privacy

Powered By A Contact Us
Web Curator: M. Hegde

Plot Data

NASA's Applied Remote Sensing Training Program
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Time Averaged Maps: Step 4

» Set the date range as April 1, 2005 to April 30, 2005

nass  EARTHDATA Find a DAAC -~ ©

Gl OVANN’ The Bridge Between Data and Science v.4.33 Feedback Help  Log out (melanie_cook)

MODIS-Aqua SST Version 2019.0 data now available in Giovanni ... [1 of 1 messages] Read More

Select Plot

[ © Maps: Time Averaged Map * v] O Comparisons: Select... v || O Vertical: Select... v | O Time Series: Select... ¥ | O Miscellaneous: Select... v

Select Region (Bounding Box or Shape)
Format: West, South, East, North

to 2005 -04 -30 (A
- 2004-10-01 to 2020-05-10

Select Variables
¥ Observations Number of matching Variables: 0 of 1495 Total Variable(s) included in Plot: 1

O Model (925) Keyword : ‘ ‘ Search | Clear
O Observation (570)

L Variable Units Source Temp.Res. Spat.Res. Begin Date End Date
¥ Disciplines

_ NO2 Tropospheric Column (30% Cloud
O Atmospheric Chemistry (78) Screened)  (OMNO2d v003)

[ Atmospheric Dynamics (423)
O Cryosphere (12)

[ Hydrology (684)

[ Ocean Biology (56)

[ Oceanography (68)

[0 Water and Energy Cycle (756)

dasx~  Responsible NASA Ofﬂcia{: Angelali  Privacy @ PoweredBy A  Contact Us Go to Results
. Web Curator: M. Hegde
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Time Averaged Maps: Ste

» Select your region either
by typing in coordinates,
or by clicking Show Map

and drawing a box (about

10 x 10 degrees) around
your area of interest.

areqa or time period, it will
take a long time for your
Image to be created.

 Click on Plot Data (green

button) in the lower right-
hand corner.

NASA's Applied Remote Sensing Training Program

If you pick too large of an

Nasd' EARTHDATA Find a DAAC ~

GIOVANNI The Bridge Between Data and Science v.4.33

MODIS-Aqua SST Version 2019.0 data now

i.. [1of1 ] Read More

(]

Feedback Help  Log out (melanie_cook)

Select Plot

[ © Maps: Time Averaged Map * v | O Comparisons: Select.. v = O Vertical: Select.. v | O Time Series: Select... v || O Miscellaneous: Select... ¥

Select Date Range (UTC)
YYYY-MM-DD HH:mm
2005 -04 -01 £

Select Region (Bounding Box or Shape)
Format: West, South, East, North

fo 2005 -04 -30
Valid Range: 2004-10-01 to 2020-05-10

Select Variables

¥ Observations

O Model (925)
O Observation (570)

Number of matching Variables: 0 of 1495 Total Variable(s) included in Plot: 1

Variable Units Source Temp.Res.
¥ Di

£ Aerosols (195) 02 n (30% Cloud
[ Atmospheric Chemistry (78) )

O Atmospheric Dynamics (423)

O Cryosphere (12)

O Hydrology (684)

[ Ocean Biology (56)

[0 Oceanography (68)

O Water and Energy Cycle (756)

Responsible NASA Official: Angela Li  Privacy =~ Powered By A Contact Us

P Web Curator: Hegde

Nass EARTHDATA Find a DAAC ~

GIOVANN’ The Bridge Between Data and Science v.4.33

MODIS-Aqua SST Version 2019.0 data now

i.. [1of1 Read More

Keyword : | | Search | Clear

Spat.Res. Begin Date End Date

m Plot Data Go to Results

(]

Feedback Help  Log out (melanie_cook)

Select Plot

[ © Maps: Time Averaged Map * v] O Comparisons: Select... v = O Vertical: Select... v || O Time Series: Select.. v | O Miscellaneous: Select... v

Select Date Range (UTC)
YYYY-MM-DD HH:mm

United States
2005 -04 -01£3 to

—1

X~

Valid Range: 2004-10-01 to 2020-05;

¥ Observations
0 Model (925)

< {==35°58'N, 69°50'W

[ Observation (570) { 4 Il 161 ¥ I\ 99°00'N

¥ Disciplines
O Aerosols (195)
O Atmospheric Chemistry (78)
O Atmospheric Dynamics (423)
O Cryosphere (12)
O Hydrology (684) -
[ Ocean Biology (56)
[ Oceanography (68)
[ Water and Energy Cycle (756)

Responsible NASA Official: Angela Li Privacy Powered By A Contact Us

b Web Curator: Hegde

|~45°00'8

“35°00W 90°00W 45°00W 00°00E 45°00E  90°00E 135°00E

Select Variables . s 1S S { |145°00N

Begin Date End Date

0.25° 2004-10-01 | 2020-05-10

Plot Data Go to Results




Time Averaged Maps: Step 6

YO U can: é% EARTHDATA Find a DAAC -

G' OVANNI The Bridge Between Data and Science v.4.33 Feedback Help  Log out (melanie_cook)

PY C h O n g e 'I'h e C O | Or S C O | e , MODIS-Aqua SST Version 2019.0 data now available in Giov_

NO2 Tropospheric Column (30% Cloud Screened) daily 0.25 deg.

. Browse History ~ Clear Time Averaged Map o/ [OMI OMNO2d v003] 1/cm2 ) daily 0.25 deg. [OMI OMNO2d v003] 1/cm2
I I IOX, Ond I I Iln Under The *%WQMQ ‘ 766N, 71.25W, 46.5234N
o User Input
a Vi 7l

Layers >> Options button on T P g e

the top right of the map. L ;‘
« Download your image S
(ong, GeoTlFF, or kmz) or
the data shown (netcdf),

‘ Restor@Defaults ‘ Re-Plot ‘ )

by clicking “Download” on -

N Responsible NASA Official: Angela Li Privacy  Powered By A Contact Us Acknowledgment Policy Back to Data Selection

the left menu. - Vo uratr i Feoe

« Change the maximum to 1.00 e+16
« Turn ‘Smoothing’ to On
« Click ‘Re-Plot’
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Time Averaged Maps: Step 6

“s{ EARTHDATA Find a DAAC - (2]

Gl OVANNI The Bridge Between Data and Science v.4.33 Feedback Help  Log out (melanie_cook)

MODIS-Aqua SST Version 2019.0 data now available in Giovanni ... [1 of 1 messages] Read More

Browse History Clear

Time Averaged Map of NO2 Tropospheric Column (30% Cloud Screened) daily 0.25 deg. [OMI OMNO2d v003] 1/cm2

ngMp over 2005-04-01 - 2005-04-30, Region 83.9062W, 35.9766N, 71.25W, 46.5234N
o User Input

- Plots | R " s - _
o Downloads )7 8 = Options v i & Download ¢
* Lineage e o+
2 ~ k 4 -~

‘3\/:3—/ Ao

el

> 0

Responsible NASA Official: Angela Li Privac! Powered By A Contact Us i -
NASA P Web Curator- I\T%@ y y Acknowledgment Policy Back to Data Selection
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Time Averaged Maps: Step 7

* In the panel on the left,
under Time Averaged Map,
click the Downloades link.

* Here you can download the
maps in .png or GeoTlFF
format, or the data in
NetCDF format.

... . NASA's Applied Remote Sensing Training Program

¥asd EARTHDATA Find a DAAC ~

GIOVANNI The Bridge Between Data and Science v.4.33

MODIS-Aqua SST Version 2019.0 data now available in Giovanni ... [1of 1 messages] Read More

Feedback Help

e

Log out (melanie_cook)

Browse History Clear Click on file links to download. Files contain data portrayed in the plot images.

NetCDF:

RNTmsTveraged Map g4.timeAvgMap.OMNO2d_003_ColumnAmountNO2TropCloudScreened.20050401-20050430.83W_35N_71W_46N.nc

o User Input

© Plots

> Downloads
o Lineage

PNG:
OMNO2d 003 ColumnAmountNO2TropCloudScreened.20050401-20050430.83W_35N_71

35N_71W_46N.png
GEOTIFF:

KMZ:
OMNO2d 003 _ColumnAmountNO2TropCloudScreened.20050401-20050430.83W_35N_71W_46N.kmz

Responsible NASA Official: Angela Li
Web Curator: M. Hegde

Privac Powered By A Contact Us .
NASA 4 4 Acknowledgment Policy

Back to Data Selection
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Time Averaged Maps: Step 8

» Click the Back to Data
Selection button in the lower
right and keep all
parameters the same,
except change the range
to April 1, 2015 to April 30,
2015, or look at 2020, and
plot the map again.

You can quickly
access previous plots
from the left menu.

. NASA's Applied Remote Sensing Training Program

sast’ EARTHDATA Find a DAAC -

GIOVANNI The Bridge Between Data and Science v.4.33

MODIS-Aqua SST Version 2019.0 data now available in Giovanni ... [1 of 1 messages] Read More

200

Feedback Help

(>}

Log out (melanie_cook)

Browse History Clear

Time Averaged Map of NO2 Tropospheric Column (30% Cloud Screened) daily 0.25 deg. [OMI OMNO2d v003] 1/cm2
Region 83.9062W, 35.9766N, 71.25W, 46.5234N

I =] - B
&

X 4. Time Averaged Map
> User Input

. Plots ;\5\,\'\/\_ o B
Downloads
o Lineage - ,-/g\_‘/_,‘ 2

Y

over 2005-04-01 - 2005-04-30,

Find a DAAC -~

GIOVANNI The Bridge Between Data and Science v.4.33

MODIS-Aqua SST Version 2019.0 data now available in Giovanni ... [10of 1 messages] Read More

thsy’ EARTHDATA

2015

Feedback Help

]

Log out (melanie_cook)

Browse History Clear

Time Averaged Map of NO2 Tropospheric Column (30% Cloud Screened) daily 0.25 deg. [OMI OMNO2d v003] 1/cm2

% 5. Time Averaged over 2015-04-01 - 2015-04-30,

User Input
> Plots
Downloads
Lineage
X 4. Time Averaged Map
> User Input
> Plots
> Downloads
> Lineage

Region 83.9062W, 35.9766N, 71.25W, 46.5234N

W% EARTHDATA Find a DAAC ~

GIOVANNI e Bridge Between Data and Science v.4.33

MODIS-Aqua SST Version 2019.0 data now available in Giovanni ... [1of 1 messages] Read More

202

Feedback Help

(2]

Log out (melanie_cook)

Browse History Clear

% 6. Time Averaged
Map
> User Input
Plots
> Downloads
> Lineage
% 5. Time Averaged Map
User Input
Plots
> Downloads
> Lineage
4. Time Averaged Map

over 2020-04-01 - 2020-04-30,

Region 83.9062W, 35.9766N, 71.25W, 46.5234N

Time Averaged Map of NO2 Tropospheric Column (30% Cloud Screened) daily 0.25 deg. [OMI OMNO2d v003] 1/cm2

e

& Download ~

Responsible NASA Official: Angela Li  Privacy Contact Us

Web Curator: M. Hegde

Powered By A

Acknowledgment Policy

Back to Data Selection
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TS

Want to Learn More? |

« ARSET offers more advanced air quality frainings. You can learn:

— How to use Python to read NO, data files at native satellite resolution to create
customized images and analysis, and extract data for particular locations.

— About new, geostationary satellites that provide unprecedented temporal
resolution (new images every 5 minutesl).

« Aftend a future in person course (sign up for our listserv here), or review all of the
materials from past in-person trainings:
https://arset.gsfc.nasa.gov/airquality/workshops
listserv: https://lists.nasa.gov/mailman/listinfo/arset

* Listen to our freely available past recorded trainings:

— Advanced NO, webinar:
https://arset.gsfc.nasa.gov/airquality/webinars/advanced-NO2-2019

— High Temporal Resolution Air Quality Observations from Space:
‘ https://arset.gsfc.nasa.gov/airguality/webinars/2018-geospatial
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