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Outline

= Mission and data

= Questions about access & transformation
= Services to enable analysis

= Where to find out more



The mission
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TEMPO

Tropospheric Emissions:
Monitoring of Pollution

Was selected as NASA's first Earth
Venture Instrument in 2012
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Principal Investigator is Dr. Kelly
Chance, from Smithsonian Astrophysical
Observatory (SAO)

Goal: to measure Air Quality




TEMPO launched aboard a Spa”
- ‘ Falcon 9 vehicle on April 7, 2023
N

https://pweb.cfa.harvard.edu/news/liftoff-tempo-instrument-soars-space



Air quality
measurements

UV /Visible spectrometer view of North
America

Geostationary orbit at altitude of ~36,000 km
(~22,000 mi)

Measures ozone, nitrogen dioxide,
formaldehyde, aerosols, and other pollutants

Resolution:
Hourly (~10 mins for special studies)
Approximately 2.4 km N/S x 5.4 km E/W

- 1 & 2 ‘
K »
http://tempO.Si.edU/inStrument.html _




Data Structure

02 Aug 2023 11:11 EDT

Nitrogen Dioxide Tropospheric Column Density
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____________/ -~ .S,
“Beta” data (2 weeks worth) to
Data S t ru Ctu re be available at end of January

e Level-1 (L1), L2, and L3 data collections
L2 and L3 data files can be roughly 30 - 110 MB for a 6 min. duration
 netCDF-4 format

xtrack xtrack xtrack
imen

Granule 03

mirror_step
dimenSion

e 36:00 30:03 = 30:00 29:57 24:00 | 23:57
separate "time
variable

(for L2, two-dimensional variables)

B \ B




Example: L2 Ozone Total Column
Similarly, for NO, and Formaldehyde, etc.

Name

v & TEMPO_O3TOT_L2_V01_20231017T111336Z_S001G01l.nc TEMPO Level 2 total ozone product

v & geolocation
@ latitude
@ latitude_bounds
@ longitude
@ longitude_bounds
@ relative_azimuth_angle
@ solar_azimuth_angle
@ solar_zenith_angle
@ terrain_height
@ time
@ viewing_azimuth_angle
@ viewing_zenith_angle

@ mirror_step

& product
@ column_amount_o3
@ fc
@ o03_below_cloud
@ quality_flag
@ radiative_cloud_frac
@ so2_index
@ uv_aerosol_index

v & qa_statistics

> & support_data

@ xtrack

Long Name

geolocation

latitude

latitude bounds
longitude

longitude bounds
relative azimuth angle
solar azimuth angle
solar zenith angle
terrain height

time

viewing azimuth angle
viewing zenith angle
scan mirror position index
product

column amount 03

fc

03 below cloud
quality flag

radiative cloud frac
so2 index

uv aerosol index
ga_statistics
support_data

pixel index along slit

Type
Local File
Geo2D
Geo2D
Geo2D
Geo2D
Geo2D
Geo2D
Geo2D
Geo2D

1D

Geo2D
Geo2D

1D

Geo2D
Geo2D
Geo2D
Geo2D
Geo2D
Geo2D
Geo2D

1D

Show: Allvariables

Group "product”
In file "TEMPO_O3TOT_L2_V01_20231017T111336Z_S001G01.nc"

variables:
float column_amount_o3(mirror_step=132, xtrack=2048);
:valid_max = 700.0f; // float
:_Fillvalue = -1.2676506E30f; // float

/ (root)

k=204 T ——

geolocation product LI

:valid_max = 1.0f; // float
:_Fillvalue = -1.2676506E30f; // float
:coordinates = "time longitude latitude";

float fc(mirror_step=132, xtrack=2048);
:comment = "effective cloud fraction (mixed LER model)";
:valid_min = 0.0f; // float
:valid_max = 1.0f; // float
:_Fillvalue = -1.2676506E30f; // float
:coordinates = "time longitude latitude";

float uv_aerosol_index(mirror_step=132, xtrack=2048);
:comment = "UV aerosol index";
:valid_min = -30.0f; // float




You may be wondering...

Where online will the data be found 7

EARTHDATA

¥ Search
What about programmatic access?

Earthdata Harmony

earth

s
How to extract data for a particularly OPeNDAP

interesting city / state / region ¢ @ ArcGls QGIS
/ N

: : > vasa \X/ORLDVIEW
How to retrieve data images / rasters ¢




http://tempo.si.edu/gallery.html

Gateway Antenna
Intelsat General
Riverside, CA

Spacecraft
Location: 91 W

| SDPC - Science Data Processing Center
Smithsonian Astrophysical Observatory
Cambridge, MA

10C -Instrument Operations Center
Smithsonian Astrophysical Observatory
Cambridge, MA

o

ASDC - Atmospheric Science Data Center
NASA Langley Research Center

Hampton, VA
™ & &,
ESOC - East Coast Satellite b m N
y N
A b v Y

TT&C Station
Intelsat General
Castle Rock, CO

? )

Legend

Instrument Command and Control

Science Data Handling

Intelsat General
MclLean, VA ;“
-
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Operations Center - Vi R 1 Py
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o

AtmospheicSciecata Center (ASDC) in Ha

mpfon, VA,
Ingests, archives, and distributes TEMPO data



Where online will the
data be found

EarthData Search

(search.earthdata.nasa.gov)

Unified search and
discovery interface for all
of NASA'’s Earth Science
data, with pre-processing
and transformation
services for select datasets

%5 EARTHDATA

&3 EARTHDATASEARCH

Search for collections or topics
& 7 =
INST. TEMPO X

Y Filter Granules Clear Filters
Granule Search

Granule ID(s)

Temporal

Start

m

nd

(J Recurring?

Data Access

(J Find only granules that have browse
images

(J Find only granules that are available
online

N
MONTH
—@
N/ Sep

Find a DAAC ~

Search Results (16 Collections)

TEMPO NO2 tropospheric, stratospheric, and total

columns

Showing 20 of 10,237 matching granules

TEMPO_NO2_L2_V01_202
40122T151325Z_S004G09.
nc

START

2024-01-22 15:13:25
END

2024-01-22 15:20:02

+ &

TEMPO_NO2_L2_V01_202
40122T150011Z_S004G07.
nc

START

2024-01-22 15:00:11

END
2024-01-22 15:06:48

+

TEMPO_NO2_L2_V01_202
40122T144656Z_S004G05
.nc

START

2024-01-22 14:46:56

END
2024-01-22 14:53:33

+

TEMPO_NO2_L2_V01_202

TEMPO NO2 tropospheric, strataspheric, and .=

Nov

IF | =

TEMPO_NO2_L2_V01_202
40122T150648Z_S004G08
.nc

START

2024-01-22 15:06:48
END

2024-01-22 15:13:25

+ &

TEMPO_NO2_L2_V01_202
40122T145333Z_S004G06
.nc

START
2024-01-22 14:53:33

END
2024-01-22 15:00:10

+ &

TEMPO_NO2_L2_V01_202
40122T144019Z_S004G04.
nc

START
2024-01-22 14:40:19

END
2024-01-22 14:46:56

+ &

TEMPO_NO2_L2_" gearch Time: 1.4s

& Download All 10237

2024

Jan

‘6 € Feedback (2]
%] a~

” 8 500 km

nited States
of America

Guatemala




NASA
Earthdata
Cloud
Cookbook

@ O o

Welcome
Our Cookbook
Cheatsheets & Slides

Howdol...

find data
using Earthdata

using a script

access data

openscapes

NASA Openscapes
Earthdata Cloud
Cookbook

Find Data: Earthdata Search

The original source for this document is https://nasa-openscapes.github.io/2021-Cloud-Workshop-
AGU/tutorials/01 Earthdata Search.html

This tutorial guides you through how to use Earthdata Search for NASA Earth observations search and discovery, and how to
connect the search output (e.g. download or access links) to a programmatic workflow (locally or from within the cloud).

Step 1. Go to Earthdata Search and Login

Go to Earthdata Search https://search.earthdata.nasa.gov and use your Earthdata login credentials to log in. If you do not have
an Earthdata account, please see the Workshop Prerequisites for guidance.

Learning-oriented to

| support researchers
Step 2. Search for dataset of interest O Edit this page
UsethesearcﬁboxintbeupPerlehtotypekeywords.Inthisexampleweareinter-estedintheECCOdataset,hostedbym ‘;';::):’:;CIZSUO Who use Ea rthdata
. as NASA migrates
data and workflows
to the cloud

Click on the “Available from AWS Cloud”filter option on the left. Here, 104 matching collections were found with the basic
ECCO search.

\RTHDATA Find a DAAC «

&% EARTHDATASEARCH

ECCO a 104 Matching Collections
Showing 20 of 104 matching collections E Export | |=Sort = View
ECCO Ocean Temperature and Salinity - Monthly Mean 0.5 Degree o
(Version 4 Release 4)
312 Granules » 1992-01-01 to 2018-01-01 » This dataset contains mo
hi ged acean potential and salinity interpolated t +

¥

o0 a regular 0.5-degree grid from the ECCO Version 4 revision 4 (V4ra)

ocean and sea-ice state estimate. Estimating the Circulation and CIi.
CUSTOMIZABLE @ i O
ECCO.L4.TEMP_SALINITY_0SDEG_MONTHLY. VAR Ward - NASALJPLIPO!

Northeast Weddell Sea Pre-SWOT Level-4 Hourly MITgem o
LLC4320 Native Grid 2km Oceanographic Dataset Version 1.0

420 Granules « 2011-08-13 to 2012-11-15 « This dataset provides ar
egional multivariate aceanagraphic state estimate from a global ocean +
numerical simulation with a focus on the Northeast Weddell Sea regio
n. The global ocean simulation is based on the MIT general circulatio...

MITgem_LLC4320_Pre-SWOT_JPL L4, Jlll.wﬂ)vlﬂ-l




4 ..
How about programmatic access?

* The Earthdata graphical interface is powered by the
NASA Common Metadata Repository (CMR), which has
its own public API

(search.earthdata.nasa.gov)

* In the background, “Harmony” provides Open
Geospatial Consortium (OGC)-compatible tools and a
customized API to access cloud hosted data

* For many analysis use-cases, earthaccess (a Python
library) may provide the perfect tool for finding and
downloading TEMPO data files

@ Earthdata Harmony API

‘ The Science Directorate at NASA's Langley Research Center



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

(search.earthdata.nasa.gov)

How about programmatic access?

Y Filter Granu [

Granule Search

Granle 1D(s)

Temporal

start
End

Recurring?

Data Access

Find only granules that have browse
images

Find only granules that are avalable
online.

TEMPO NO2 tropospheric,

Search Results (16 Collections)

TEMPO NO2 tropospheric, stratospheric, and total

columns

‘Showing 20 of 10,237 matching granules
TEMPO_NO2_L2.V01.202
4012271613262_S004G09.
2024-01-22 154325
2026.01-22162002

+ &

TEMPO_NO2_L2_V01.202
40122T150011Z_5004G07.
ne

202

01.221500m

oo
20240122 15:08:48

TEMPO_NO2_L2_V01_202
4012271446562_S004G0S
ne

2024-01-22 14:48:56

oo

2024012245333

+ &

TEMPO_NO2_L2 V01202

2

atgspheric; and i

Nov

I

iii

TEMPO_NO2_L2.V01_202
40122T1506482_5004G08
2024.01.22 1506:48

oo

2020012161325

+ &

TEMPO_NO2_L2 V01_202
4012271453332_5004G06
ne

0240122105333

oo

2024.01.22 15000

+ &
TEMPO_NOZ_L2_V01_202
4012271440192 5004604
nc

20200122 144010

oo

20240122 104856

+ &

TEMPO_NO2_L2_ " Saarch Time: 148

o s |

Earthdata Harmony API

The Science Directorate at NASA's Langley Research Center

A\ 4

Common
Message

Other
Data

Other
Data

TEMPO
Data



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

4 4 n
How about programmatic access?

% Other
2 Data
)
£
]
-
o Common
- > Message \ Other
$ Data
3
TEMPO
Data

The Science Directorate at NASA's Langley Research Center




How about programmatic access?

Service 1
= — Cool TEMPO
< o )
= < Thing! Data
8
E
(]
T
o Common
3 > Message
>
H Service 2
— Cool TEMPO
& Thing! Data

The Science Directorate at NASA's Langley Research Center




4 4 n
How about programmatic access?

eaXth

Python library for NASA Earthdata

o
Line 3: earthaccess handles
authentication with NASA EDL.

earthaccess

earthaccess.login(strategy="netrc")

count=2, Line 5;: earthaccess abstracts NASA's
short_name="ATLO08", B search API (CMR) into a pythonic module.

bounding_box=(-92.86,

1
P
4
5 results = earthaccess.search_data(
6
7
8

9)
10
11 earthaccess.download(results, "./research/")

e Line 11: earthaccess can download or open
data for both cloud and on-prem hosted
datasets.

(github.com/nsidc/earthaccess)

The Science Directorate at NASA's Langley Research Center




_
How to extract data for the city / state / region

that I’'m interested |n7

Ml Area of interest: Red rectangle over the state of Colorado

- -
SMAP/Sentinel- 1 L2 Radiometer/Radar JGSccond Sc!nt 3 km EASE-Grid Soll Moisture VO02: Example data file coverage

Filtering data by area of intere-

EARTHDATA

"SA Search
Earthdata Harmony API

All data overlapping the CONgF%o rectangle are returned

The Science Directorate at NASA's Langley Research Center




R
Concatenating the subsetted data

Structure of TEMPO Granules’ 2D data

xtrack xtrack xtrack
Granule 02 77 | gimension

Granule 03

mirror_step
dimensSion

pt_-;
aaaaa




_ 4 B
An intuitive structure for further exploration
and analysis

Resulting Concatenated Data

xtrack
R . lemens:on

O 0 0
Scan2 * .=

New scan dimension
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How to retrieve images/rasters”
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4 .
How to retrieve images/rasters?

ASDC will release ArcGIS image services available through the NASA Earthdata GIS
portal (https://gis.earthdata.nasa.gov/portal/home/).
Viewable in both proprietary (e.g., ESRI ArcGlIS) and opensource software (QGIS).

ArcPro

Analysis View Edit Imagery Share Help Time Image Layer Data Multidimensiona Sample image SerVice in a Web mapper
tart n ariable | /product/column_amor ¥ A x &
il i vé) " v \Slthime 2023-12-16T17:04:12 | 1] -> LQ @‘; E Ca"ed from the EGIS portal

Temporal Summary = Aggr
Profilev Statistics v

Jltidimensional Extent Current Display Slice I~ Analy

x [E]map X v

e

Atmospheric Science ...

= Untitled map Open in Map Viewer Classic ﬁ ASDC Publisher

il

= TE e by W o - X N N R R = F [ = STATES G
X
12/16/2023 5:04:12 PM

& I

{4 @

l{lmE
o Al ?
+t 2
= Example for L3 Ozone Total

COLOMB IA
v |1:93470828 ~|| Bk B ZLN o 5,391,330.27W 11,409,175.98N m v ne



https://gis.earthdata.nasa.gov/portal/home/

Where to go for more
resources

&' Earthdata Forum - Home X + v _

¢ > C O @ foumearthdatanasagov https://forum.earthdata.nasa.gov/ G aw % % 0O

%% EARTHDATA® Find a DAAC - € Feedback

= g AF RS2 o7 > el F a2l . =

EARTHDATA ! N Welcome to the Earthdata Forum! Here, the scientific user community and subject matter
(DAACSs), and other contributors, discuss research needs, data, and data applications.

Forum \

experts from NASA Distributed Active Archive Centers:

= Quick links @ Help

# Home

Itis currently Sun Apr 23, 2023 9:18 pm America/New_York

Searcn
l ATLOg 2 l
Discipline (] DAAC (] Major Projects (3] Services/Usage (1]
|Se|ect > | Select b I Select v | Select > I

Selected Tags:

NSIDC ICESat/ICESat-2 ‘
- What do these tags mean?

Forum Questions Posts Last post
Questions/Comments 3467 13446 (resolved) MODO3 CMR
__ Use this Forum to find information on, or ask a question about, NASA Earth Science data. concept ...

) by earthengine_urs
Sun Apr 23, 2023 12:30 pm
America/New_York

7

(@

/

The Science Directorate at NASA's Langley Research Center


https://forum.earthdata.nasa.gov/

Where to go for more
resources’?

v" NASA Earthdata Search NASA
o metadata o browse o download ) Sear Ch
o customize o HTTPS and AWS S3 direct data access

v" NASA Earthdata WorldView

o visualize o GIBS API
v NASA Earthdata Harmony

o subset o concatenate

v" NASA Earthdata GIS

o ArcGIS Image & Feature Service
o OGC WMS, WFES & WCS

EARTHDATA

@/ Earthdata Harmony

QArcGIS” QGIS

v OPeNDAP ‘OPeNDAP
o transform o subset o reformat OPeND
v’ earthaccess earth

o search o download o open

User Support and Other Resources

Example scripts & python’

Jjupyter
o Python/Jupyter Notebook o R scripts R '\/
o contributed tutorials/scripts

Earthdata Forum https://forum.earthdata.nasa.gov/
ASDC User Support support-asdc@earthdata.nasa.gov

< o=l

To keep in mind:

A “Beta” set of 2-weeks of data will be available
at end of January or beginning of February

TEMPO data (level-2 and level-3) are anticipated
to be publicly available in April, 2024


https://search.earthdata.nasa.gov/
https://worldview.earthdata.nasa.gov/
https://harmony.earthdata.nasa.gov
https://gis.earthdata.nasa.gov/
https://opendap.larc.nasa.gov/
https://forum.earthdata.nasa.gov/
mailto:support-asdc@earthdata.nasa.gov

