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Remote sensing of NO, Intfroducing TROPOMI - High Python Tools - TROPOMI

Data Products, and Tools Resolution NO, Observations
from Space

YEARS
OF TRAINING,
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Session 2

* Introduction to Tropospheric Monitoring Instrument (TROPOMI)

— TROPOMI Data Products
— TROPOMI Data Access
— Tools to display TROPOMI data

h NASA's Applied Remote Sensing Training Program 3 NG
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Learning Objectives

.

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

Describe TROPOMI satellite capabilities for global air quality monitoring
download TROPOMI data

Display and map TROPOMI data

h NASA'’s Applied Remote Sensing Training Program 4 NG
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Past & Future (ESA view)
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Image Credit: IROPOMI ATBD of the total and tropospheric NO, data products
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http://www.tropomi.eu/sites/default/files/files/publicS5P-KNMI-L2-0005-RP-ATBD_NO2_data_products-20190206_v140.pdf

TROPOMI - Tropospheric Monitoring Instrument m

« Sentinel-5 Precursor
» Low Earth Orbit Atmospheric Chemistry Mission
* Launched - 13 October 2017 by ESA

* The TROPOMI instrument is a UV-VIS-NIR-SWIR
push-broom grating spectrometer.

* The typical pixel size (near nadir) will be 7x3.5
km? for all spectral bands, with the exception of
the UV1 band (7x28 km2) and SWIR bands (7x7
km?2).

!.i . NASA'’s Applied Remote Sensing Training Program 6 g
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http://www.esa.int/spaceinimages/Images/2017/06/Sentinel-5P

TROPOMI - Tropospheric Monitoring Instrument

e Swath: 2600 km The TROPOMI Measurement Principle
- Repeat Cycle: 16 days i
« LST: 13:30 at Ascending Node
« Designed Lifetime: 7 Years

* 5-5P makes measurements within 5-minutes F,‘gmdirecm“’7/"/ 5
of NASA Suomi-NPP

« Synergy of TROPOMI and VIIRS/OMPS will

provide additional information on aerosaols, i 7, i
clouds and help produce better trace gas ~
products. \,\

~2600 km

Courtesy of Pepijn Veefkind, KNMI, The Netherlands

Image Credit/Copyright: ESA/ATG medialab
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http://www.esa.int/spaceinimages/Images/2017/06/Sentinel-5P

TROPOMI Spectral Coverage

ranges channels

270-495 nm 1200 0.55 nm
710-775 nm 600 0.55 nm
2305-2385 nm 800 0.25 nm

Aerosols

For comparison:
MODIS has 36 spectral bands

Image Credits (left to right): WMO Oscar; Copyright ESA

NASA's Applied Remote Sensing Training Program 8
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https://www.wmo-sat.info/oscar/instruments/view/586
https://www.esa.int/spaceinimages/Images/2017/07/Tropomi_s_spectral_range

TROPOMI Advancements

» Better spatial resolution — 6+ fimes
higher than OMI (7x7 vs 13x24 km?)

 1-5 times higher signal to noise ratios

« Better cloud information from Oxygen
A & B bands and synergy with VIIRS

« CO and CH4 measurements using SWIR
channels | SCIAMACHY

 Data rate ~20 times of that OMI

h NASA'’s Applied Remote Sensing Training Program A N
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TROPOMI Resources o

hitp://www.tropomi.eu/

“ HOME MISSION STATUS DATA PRODUCTS MORE FEATURED RESULTS ABOUT Enter your search... Q

" OBSERVING
OUR FUTURE

<) (<) (A (A [>

S fur Formaldehyde
dmde dioxide

TROPOMI - g SCIENCE WEBSITE
TROPOspheric Momtoring lnstrument
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Current Position of TROPOMI
http://mps.iropomi.eu/orbit

0 m Calendar Engineering Monitoring Earth View Quicklook Life Limited Items Trends Reporting Help

S s ; P AN i , Gl s Orbit details
S 5 P O n d S_ N P P : " L o «' L Date 2019-04-17 18:08:21 UTC
: _- PR d 3 Longitude 7454 deg
I I lO ke ( N e 3 G, Latitude 29.24 deg

Altitude 83005284 m

measurements at il I VIR - T wmw
3 to 5 minutes ' 4 |
apart
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http://mps.tropomi.eu/orbit

Current Earthview

hittp://mps.tropomi.eu/orbit

4= Previous day = Next day=» Date: 2019-04-16

Daily RGB: True colour

Daily RGB: False colour

Heatmap image for UV detector

Heatmap image for UVIS
detector

Heatmap image for NIR detector

Heatmap image for SWIR
detector

Running minimum reflectance

Copyright ©KNMI 2019. All rights reserved

YEARS
OF TRAINING,
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EO Browser

https://apps.sentinel-hub.com/eo-browser/?lat=41.9000&Ing=12.5000&zoom=10
< @EO Browser § T el n
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Level 2 Data Product

hitp://www.tropomi.eu/data-products/level-2-products

Product Main Parameter Data file Developers | (Planned)

descriptor

Release

LY Aerosol Index aerosol index AER_AI KMMI Released
Aerosol Layer Height mid-level pressure AER_LH HNMI Mid-2019
Carbon monoxide total column Co____ SROM Released
(CC)
Cloud fraction, albedo, top CLOUD DLR Released
pressure
Formaldebyde total column HCHO__ BIRA-1ASE Released
[HCHO)
Methane (CH4) total column CH4___ SROM Released
Nitrogen oxide (NOZ2) | total column NO2Z2___ KMNMI Released
Ozone profiles total and tropospheric O3_PR_ KMMI Late-2019
profiles
O3_TPR
Sulphur dioxide (S02) | total column S02___ BIRA-1ASE | Released
Ozone (03] total column O3____ DLR Released
Tropospheric Ozone tropospheric column Q3_TCL DLR Released
23)
Uyl surface irradiance | ====--- FMl ===
erythemal dose

NASA's Applied Remote Sensing Training Program
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Aerosol Product

UV Aerosol Index — 8/24/2018 Aerosol Layer Height — 12/12/2017

Oxygen A band NN Oxvgen A band NN

\ ( 42°N ; SR 12°0
= N/ 4 ; :
" ol S ;
/9 et 38° N S8°N| S
’t ¢ s ~ ol P EahiTEEPEERNEEEE | e e NN
: : 34° V| . 34° N| .
e T e TSR S 0 (AR R
R e RN = T |
] ; 124°W 120°W ll(i"lld 124°W 120°W 116°W
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7 [] zaer [DPa]

Image Credits (left to right): TROPOMI; TROPOMI
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http://www.tropomi.eu/data-products/uv-aerosol-index
http://www.tropomi.eu/data-products/aerosol-layer-height

Methane (CH,) & Sulphur Dioxide (SO,)

May 2018 to Jan 2019 SO, -Nov 2017 to Jul 2018

1650 1700 1750 1800 1850 1900 1950
XCHa4 [ppb]

Image Credits (left to right): TROPOMI; TROPOMI

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/
http://www.tropomi.eu/data-products/methane
http://www.tropomi.eu/data-products/sulphur-dioxide

NO, Data Product

Version number | Version Effective Date | Summary of Changes

1.03.00 NRTI: 2019-03-27 (orbit 07519 to present) Current version
OFFL: 2018-03-20 (orbit 07425 to present)

1.02.02 NRTI: 2018-12-05 (orbit 05932 to 07518)
OFFL: 2018-11-28 (orbit 05833 to 07424)

1.02.00 NRTI: 2018-10-24 (orbit 05336 to 05929)
OFFL: 2018-10-17 (orbit 05236 to 05832)

Image Credit: TROPOMI
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http://www.tropomi.eu/data-products/nitrogen-dioxide

Spatial Resolution

tropospheric column of NO2, QA4ECV OMI, 22 Nov 2017 tropospheric column of NO2, S5P, 22 Nov 2017

@t oo

tropospheric vertical column of nitrogen dioxide (10415 molecules cm-2)

<4 - . L > | ; ;
0 4 ) 12 16 20 0 66 133 199

Data Min = -8 Max = 39 Data Min = -15403, Max = 1582

tropospheric vertical column of nitrogen dioxide (10A-6 mol m-2)

>

266 332

Sentinel-5 Precursor and the upcoming Sentinels for monitoring atmospheric Composition. (2018, October). Presented at the CAMS 3rd General Assembly, Lisbon, Portugal. Retrieved from
https://atmosphere.copernicus.eu/sites/default/files/2018-11/2 Zehner S5p CAMS 18.pdf
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https://atmosphere.copernicus.eu/sites/default/files/2018-11/2_Zehner_S5p_CAMS_18.pdf

NO, Retrieval

NO, Slanf
{ . Column
Measurements Opngceingt;(s:%rph)on Density
from TROPOMI P DY Nel»)

Stratospheric NO, SCD
*DOAS (see Platt

[1994], Platt and Stutz

[2008]) Tropospheric NO,SCD <
* 405 t0 465 nm
wavelengths .’

Air Mass

Spectral . .
Radiance DOAS (Differential

Sl Assimilation

Tropospheric
NO, Vertical
Column
Density

Fraction
Correction

Content Source: TROPOMI ATBD of the total and tropospheric NO, data products
NASA's Applied Remote Sensing Training Program 19
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http://www.tropomi.eu/sites/default/files/files/publicS5P-KNMI-L2-0005-RP-ATBD_NO2_data_products-20190206_v140.pdf

NO, - Filename

S5P_NRTI L2 _NO2 20140101T000000 _20140102T000000 00099 01 000200 201410
10T173511.nc

Start End Length Meaning

0 3 3 Mission name, always "ssp”

4 8 4 Processing stream, one of "NRTI" (near realdtime), “oreL" (offline) or “rRERO"
(reprocessing)

9 19 10 Product identifier, as listed in table 1

20 35 15 Start of granule in UTC as "yy¥yMMDDTHHEMMSE", The “I” is a fixed character.

36 a1 15 End of the granulein UTC as "y YyMMDDTHHEMMES", The “T" is a fixed character.

52 57 5 Orbit number

58 &0 2 Collection number

61 67 6 Processor version number as "MuMmmpp”, with “#” the major version number, “mm”
the minar version number, and “pp” the patch level.

68 B3 15 The time of processing for this granule in UTC as "yyyyMMDDTHHEMMES", The “r”
is a fixed character.

84 B6 2 The file name extension. All Sentinel 5 precursor files are netCDF-4 files and use

the extension "ne”

Image Credit: Sentinel-5 precursor/TROPOMI Level 2 Product User Manual NPP Cloud

NASA's Applied Remote Sensing Training Program
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https://sentinel.esa.int/documents/247904/2474726/Sentinel-5P-Level-2-Product-User-Manual-NPP-Cloud-product

QA Filtering

e ga_value > 0.75.
For most users this is the recommended pixel filter. This removes cloud-covered scenes (cloud radiance
fraction > 0.5), part of the scenes covered by snow/ice, errors and problematic retrievals.

e ga_value > 0.50.
This adds the good quality retrievals over clouds and over scenes covered by snow/ice. Errors and
problematic retrievals are still filtered out. In particular this choice is useful for assimilation and model
comparison studies where the averaging kernels are used.

The ga_value indicates whether the footprint is cloud covered or not, and whether there is snow or ice on
the surface. It is set to O if anywhere in the processing an error occured, as indicated by the processing_-
quality_flags. Warnings related to the South Atlantic Anomaly, sun glint, or missing non-critical input

Image Credit: Sentinel-5 precursor/TROPOMI Level 2 Product User Manual Nitrogendioxide

NASA's Applied Remote Sensing Training Program 21
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https://sentinel.esa.int/documents/247904/2474726/Sentinel-5P-Level-2-Product-User-Manual-Nitrogen-Dioxide

NO, Algorithm Theoretical Basis Document (ATBD) & Product
User Manual

.

TROPOMI ATBD of the Sentinel-5 precursor/ TROPOMI
total and tropospheric Level 2 Product User Manual
NO, data products Nitrogendioxide

#™ sentinel-sp i‘gf sentinel-5p

o

TROPOMI TROPOMI

Source: TROPOMI ATBD of the total and tropospheric NO, data products Sentinel-5 precursor/TROPOMI Level2 Product User Manual Nitrogendioxide

h NASA's Applied Remote Sensing Training Program
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http://www.tropomi.eu/sites/default/files/files/publicS5P-KNMI-L2-0005-RP-ATBD_NO2_data_products-20190206_v140.pdf
http://www.tropomi.eu/sites/default/files/files/publicS5P-KNMI-L2-0021-MA-Product_User_Manual_for_the_Sentinel_5_precursor_Nitrogen_dioxide-3.0.0-20190327.pdf

NO, Product Bias

* Validation — PANDORA & MAX-DOAS

Table 1: NO; data product requirements for the TROPOMI NO; data products, where accuraries are split in
the systematic and random components. The numbers are taken from [RD11] (see also [RD12]).

NO, data product | Vertical resolution Bias Random

Stratospheric NO, | Stratospheric column | < 10% 0.5x 10" molec/cm?
Tropospheric NO. | Tropospheric column | 25—50% | 0.7x10' molec/cm?

Content Source: TROPOMI ATBD of the fotal and tropospheric NO, data products
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http://www.tropomi.eu/sites/default/files/files/publicS5P-KNMI-L2-0005-RP-ATBD_NO2_data_products-20190206_v140.pdf

TROPOMI Validation I
http://mpc-vdaf.iropomi.eu/

VALIDATION: FACILITY

SENTINEL 5P MISSION PERFORMANCE CENTER

; 03 profile Nitrogen Formaldehyde
dioxide i

Most recent contribufions

First comparison results for the S5P CH4 product based on correlative reference measurements
acquired by FTIR instruments contributing to NDACC and TCCON networks.
*| This VDAF web article gives further details on the first comparison results presented in the CH4
. -| product readme file for the methane data product release (see http://www.tropomi.eu/data-
~ | products/methane). The main conclusion is that the product quality of this initial L2 CH4 dataset
. complies with the S5P mission requirements.

| Quarterly Validation Report of the s First validation results for Sentinel-5p A first validation against NDACC and
Sentinel-5 Precursor Operational Data i NO2 column data. | WOUDC ground-based data
Products #01: July - October 2018 s confirms that the TROPOMI/S5p
® "= This reports. == This report describes initial validation L NRTI total 03 (L2_0O3) product meets.
results of the routine operations validation service for results for Sentinel-5p TROPOMI mission requirements. Initial Sentinel-5p TROPOMI
Lzoaoeeuumdmmmmunmes
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https://arset.gsfc.nasa.gov/
http://mpc-vdaf.tropomi.eu/

Data User Guide

hitps://sentinel.esa.int/documents/247904/2474726/Sentinel-5P-Level-2-Product-User-
Manual-Nitrogen-Dioxide

.

h NASA's Applied Remote Sensing Training Program
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i AP LA
p é Credit: TROPOMI, ESA, Copernicus, KNMI "
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Data Access

NASA - Earthdata ESA — Copernicus Open Access Hub
https://earthdata.nasa.gov/ https://scihub.copernicus.eu/

DATA COMMUNITY RESOURCES

Welcome to the Copernicus Open Access Hub Reports & Stats

Data updated hourly

The Copernicus Open Access Hub (previously known as Sentinels Scientific Data Hub) provides complete, free and open access to
Sentinel-1, Sentinel-2, Sentinel-3 and Sentinel-5P user products, starting from the In-Orbit Commissioning Review (IOCR).

Sentinel Data are also available via the Copernicus Data and Information Access Services (DIAS) through several platforms . ﬁ* 38’463

prod. published in the last 24h
(51+ 52+ 53 + 55P)

l!' 139,076

downloads in the last 24h

[SciHub + APT Hub +
5-3 PreOps + 5-5P Prelps)

s B @ & © -

Please visit our User Guide for getting started with the Data Hub Interface. Discover how to use the APIs and
create scripts for automatic search and download of Sentinels' data.

Latest update: see the section on Long Term Archive for the upgrade of the interfaces for access to offline data.

For further details or requests of support please send an e-mail to eosupport(@ copernicus.esa.int

ACCESS NASA EARTH SCIENCE DATA
NASA's data policy ensures that all NASA data are available fully, openly, and without restrictions. FIND DATA VISUALIZE DATA
Here's what this means to you,

NASA's Applied Remote Sensing Training Program
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ESA - Copernicus Open Access Hub

https://sb5phub.copernicus.eu/dhus/#/home

€eSa opemicus Sentinel-5P Pre-Operations Data Hub

Y Aerosol Index B RS

Display 1 to 25 of 130 products. e X
Order By: Sensing Date 4 (-]

Request Done: Aerosol Index AND ( beginPosition:[2018-08-10T00:00:00.000Z TO 2018-08-
19T23:59:59.999Z] AND endPosition:[2018-08-10T00:00:00.000Z TO 2018-08-19T23:59:59.999Z] ) AND (
(platformname:Sentinel-5 AND processinglevel:L2 AND processingmode:Offline))

o L IV VI OTTISINY LGIC. £UTUTUUS 1 TULWIU.JUUUVL DIET. 1€ 1.0V IV

wisle/xellIlS5P_OFFL L2 AER_Al_20180812T061445_20180812T075615_04297 01_010100_20180818...

D URL: http fous.eL W 1/Products((3690d13a-2111-42a0-a5b3-24354b:
auitkeoox  Mission: Sentinel-5 P Instrument: TROPOMI Sensing Date: 2018-08-12T06:36:19.000Z Size: 124.19 ME

Sl BRIl s5P_OFFL L2 AER_Al_20180812T075615_20180812T093745_04298_01_010100_20180818...

D URL: http. i A1/Products('9e72b01d-8525-4fac-897d-fd0ef3%:
W&DN Mission: Sentinel-5 P Instrument: TROPOMI Sensing Date: 2018-08-12T08:17:49.000Z Size: 123.24 ME

ES RGEENSsP OFFL L2 AER Al 20180812T083745 20180812T111914_04299 01 010100 20180818... v\ Kamioopsg 2y 792 ks Reging
Download URL: hitps://s5phub.cop 576764 1b-5769-433¢-9504-72b5a¢ it ._ edicine .
Instrument: TROPOMI Sensing Date: 2018-08-12T09:59:19.000Z Size: 123.22 ME g

[ES2 RGELEINS5P_OFFL L2 AER Al 20180812T111914_20180812T130044_04300_01_010100_20180818... e
© Sioux Falls

D URL: http icus.et N1/Products( 93d0-48b1-aa26-33d1e¢ L X % pocatdo Casper :
o bitox 5P I : TROPOMI Sensing Date: 2018-08-12T11:40:49.000Z Size: 124.8 MB A 2 SalctitL;ake,- heyerne, Omaha,

< Buffalo Bo X\

% 38t
New York: ".B

Denver;’ United States
ovd of America
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’ S v 0 S Lol ill
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) i —
D URL: hitp D N1/Products('08dead b-1123-4523-9056-2a69ac.
oo 5P Instrument: TROPOMI Sensing Date: 2018-08-12T13:22:18.000Z Size: 124.35 ME

; o 0
4l \ Al\buquue° o_“.',.,METFDhISD

f of W
LoS8008E%  phoshix Libbock+ /2LWEN A/
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Panoply

hitps://www.giss.nasa.gov/tools/panoply/

Panoply netCDF, HDF and GRIB Data Viewer
panoply \PAN-uh-plee\, noun: 1. A splendid or impressive array. ...

®on T bt 4913

Perturbation Potential Temperature

With Panoply 4 you can:

= Slice and plot geo-referenced latitude-longitude, latitude-vertical, longitude-vertical, time-latitude or time-vertical arrays
from larger multidimensional variables.

» Slice and plot "generic" 2D arrays from larger multidimensional variables.

« Slice 1D arrays from larger multidimensional variables and create line plots.

+ Combine two geo-referenced arrays in one plot by differencing, summing or averaging.

+ Plot lon-lat data on a global or regional map using any of over 100 map projections or make a zonal average line plot.

+ QOverlay continent outlines or masks on lon-lat map plots.

+ Use any of numerous color tables for the scale colorbar, or apply your own custom ACT, CPT, or RGB color table.

= Save plots to disk GIF, JPEG, PNG or TIFF bitmap images or as PDF or PostScript graphics files.

= Export lon-lat map plots in KMZ format.

» Export animations as MP4 video or as a collection of invididual frame images.

» Explore remote THREDDS and OpenDAP catalogs and open datasets served from them.

ICESMERR T =) L= C

Get Panoply
Panoply requires that your computer have a Java SE 8 runtime environment installed.
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Panoply plots geo-referenced and other arrays from netCDF, HDF, GRIB, and other datasets.

Panoply is a cross-platform application that runs on Macintosh, Windows, Linux and other desktop computers.

YEARS
OF TRAINING,
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Aerosol Index (Al)

hitps://tropomi.gesdisc.eosdis.nasa.gov/data//S5P TROPOMI Level2/S5P L2 AER Al.1/2018/228/S5P
OFFL L2 AER Al 20180816T183016 20180816T201146 043461 01 010100 20180822T174822.nc

aerosol_index_354_388 in S5P_OFFL_L2__AER_AI_20180816T183016_201808

/ Plot | Array 1 |

Aerosol index from 388 and 354 nm

Aerosol index from 388 and 354 nm ()
<

-4.6 -1.6 15 4.5 7.5 10.6

Data Min = -4.6, Max = 10.6, Mean = -0.7

/ Array(s) | Scale | Map | Overlays \( Shading \( Contours \( Vectors Y Labels \

Scale Range:  Min.: -4.61118 , Max.: 10.57826 Fit to Data Color Table: GMT_no_green_08.act JFill Color: —3 B
Scaling Factor: 10A j v Colorbar Width: E \2%— | Reverse colors

Units: Scalar of <scalar> < Outliers on: Both Sides B ,Shape: Triangle B ,Gap: Thin B
Tick Format: %.1f B — Divisions, Major: E 3, Minor: Z g— Size: 11.0 a

Scale Caption: = Default ' Other: SCALE CAPTION Caption Location: Above colorbar [
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https://arset.gsfc.nasa.gov/
https://tropomi.gesdisc.eosdis.nasa.gov/data/S5P_TROPOMI_Level2/S5P_L2__AER_AI.1/2018/228/S5P_OFFL_L2__AER_AI_20180816T183016_20180816T201146_04361_01_010100_20180822T174822.nc

Methane

hitps://tropomi.gesdisc.eosdis.nasa.gov/data//S5P TROPOMI Level2/S5P L2 CH4 .1/2018/228/S5P R
PRO L2 CHA4 20180816T182917 201808167201245 04361 01 010202 20190101T194705.nc

methane_mixing_ratio in SSP_RPRO_L2__CH4___20180816T182917.201808

Plot Array 1

column averaged dry air mixing ratio of methane

column averaged dry air mixing ratio of methane (le-9)

1597.2 1659.1 1721.1 1783.1 1845.1 1907.0
Data Min = 1597.2, Max = 1907.0

/ Array(s) Wmeﬂays \( Shading \(Comours \( Vectors \( Labels \

Scale Range:  Min.: 1597.155 , Max.: 1907.041 Fitto Data Color Table: I panoply.act B ,FillColor: 31 B
Scaling Factor: 10A 0 g Colorbar Width: 60 29‘— | Reverse colors

Units: Scalar of le-9 < Outliers on: Both Sides B ,Shape: Triangle B ,Gap: Thin B
Tick Format:  %.1f B — Divisions, Major: j Q,Minor: z Q—Slze: 110

Scale Caption: '« Default = Other: SCALE CAPTION Caption Location: ~ Above colorbar
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https://tropomi.gesdisc.eosdis.nasa.gov/data/S5P_TROPOMI_Level2/S5P_L2__CH4___.1/2018/228/S5P_RPRO_L2__CH4____20180816T182917_20180816T201245_04361_01_010202_20190101T194705.nc

Carbon Monoxide

hitps://tfropomi.gesdisc.eosdis.nasa.gov/data//S5P TROPOMI Level2/S5P L2 CO
OFFL L2 CO

.1/2018/228/S5P
20180816T183016 20180816T201146 04361 01 010100 201808227174815.nc

carbonmonoxide_total_column in SSP_OFFL_L2_ CO, 20180816T183016_201808

/ Plot | Array1 |

Vertically integrated CO column

Vertically integrated CO column (mol m-2)

-0.0 0.0 0.1 0.1 0.2 0.2

Data Min = -0.0, Max = 0.9
Array(s) | Scale | Map | Overlays \( Shading \( Contours \< Vectors \( Labels \

Scale Range:  Min.: -0.004802824 , Max.:

02 FittoData

Color Table: I panoply.act JFillColor: =20 §J
Scaling Factor: 10A [\t Colorbar Width: 60 [ %—  Reverse colors
Units: Scalar _ of mol m-2 < Outliers on: Both Sides ,Shape: = Triangle B ,Gap: Thin _

Tick Format: %.1f B—Dlvlslons, Major: 5 C,Minor: 2 [ —Size: 11.0 B

Scale Caption: '+ Default ~  Other: SCALE CAPTION

Caption Location: ~ Above colorbar B
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https://arset.gsfc.nasa.gov/
https://tropomi.gesdisc.eosdis.nasa.gov/data/S5P_TROPOMI_Level2/S5P_L2__CO____.1/2018/228/S5P_OFFL_L2__CO_____20180816T183016_20180816T201146_04361_01_010100_20180822T174815.nc

Nitfrogen Dioxide

hitps://tropomi.gesdisc.eosdis.nasa.gov/data//S5P TROPOMI Level2/S5P 12 NO2 .1/2018/228/S5P
RPRO L2 NO2 20180816T182917 201808167201245 04361 01 010202 20190218T070149.nc

Plot Array 1

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

0.000E+00  2.002E-05  4.003E-05 6.005E-05 8.006E-05 1.001E-04

Data Min = -1,183E-03, Max = 1.001E-03, Mean = 5,936E-07

Array(s) Scale Map = Overlays Shading Contours Vectors Labels

Scale Range:  Min. 0 ,Max.. 0.0001000812  Fitto Data Color Table: I panoply.act B Filcolor: =20 @
Scaling Factor: 104 [] |83 Colorbar Width: 60 C % — Reverse colors
Units scalar B of mol m-2 [ Outliers on Both Sides B shape:  Triangle  [BJ ,Gap: Thin [

Tick Format: %3t [ — Divisions, Major: 5 C,Minor: 2 [ —Size: 110

Scale Caption: + Default Other: SCALE CAPTION Caption Location: Above Colorbar B
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https://arset.gsfc.nasa.gov/
https://tropomi.gesdisc.eosdis.nasa.gov/data/S5P_TROPOMI_Level2/S5P_L2__NO2___.1/2018/228/S5P_RPRO_L2__NO2____20180816T182917_20180816T201245_04361_01_010202_20190218T070149.nc

Past & Future (ESA view)

EGGME-‘?E— :

ESEPH‘H;GFGMl _
GOME-2C s | GEMS

Sentinel-4 = _ - TEMPO

Sentinel-5 :

i i

1997 2000 2003 2006 2009 2012 2015 2018 2021 2024

Image Credit: IROPOMI ATBD of the total and tropospheric NO, data products
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http://www.tropomi.eu/sites/default/files/files/publicS5P-KNMI-L2-0005-RP-ATBD_NO2_data_products-20190206_v140.pdf

Preparing for Part 3 (session # 3)

* Python instruction
 Data download instruction
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Question & Answers



