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41 attributes=sds.attributes() i (2):
42 scale_factor=attributes| scale_factor']

42 rangeesds. getrange()

45 min_rangesnin{rarge)

46 rax_range=rax(range)

o

tatazsds.get()

4 gatandaty. cave
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Python console _File explorer _ Help __ Varible explorer
Permissions: RW__End-of-fines: CR__Encoding: ASCH Lne: 21 Colme: 8 Memory: 72%

Remote sensing of NO, Intfroducing TROPOMI - High Python Tools - TROPOMI
Data Products, and Tools Resolution NO, Observations
from Space
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Session 3

.

Intfroduction to Python tools for Tropospheric Monitoring Instrument (TROPOMI) Data
— Read NetCDF file and learn about SDS
— Read and map NO, data
— Read and extract NO, data at a location
— Read NetCDF and extract data into ascii format

h NASA'’s Applied Remote Sensing Training Program 3 \Twe
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Learning Objectives

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

« Read, extract and map TROPOMI NO, data sets

h NASA's Applied Remote Sensing Training Program 4 NG
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Data Sets & Tasks

* Data
— OMI NO, data
— TROPOMI NO, data

» Tasks
— Read sds (scientific data sets) and list them

— Read and map the data
— Read and extract data over specific location
— Read and output data in a csyv file

h NASA'’s Applied Remote Sensing Training Program S ON\TRE
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Data & Codes Required

« Screenshot of ARSET page once material is posted

h NASA's Applied Remote Sensing Training Program 6\
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naconda & Spyder Editor

‘) Anaconda Navigator

) ANACONDA NAVIGATOR

i
A Home L
Applications on ‘ rook | - ‘ Channels refresh
~
. Environments & & & .
- i
Projects (beta) J u\pyt/er
== Projec el
L]
jupyterlab notebook gtconsole spyder glueviz orange3
*Learning A o270 A 500 431 324 012.0 341
An extensible environment For interackive Web-based, interactive computing PyQt GUI that supports inline Figure] Scientific PYthon Development idimensional data visualization across Component based data mining framework.
proper multiline editing with synta EnviRonment. Powerful Python IDE with es. Explore relationships within and Data visualization and daka analysis For
novice and experk. Interactive workflows

notebook environment. Edit and run
human-readable docs while describing the among related datasets.

data analysis.

advanced editing, interactive testing,

and reproducible computing, based on the
debugging and introspection Features

Jupyter Motebook and Architecture.

highlighting, graphical calltips, and mi
with a large toolbox.

rstudio

11383
A set of integrated tools designed to help
you be more productive with R. Includes R
essentials and notebooks,

Documentation

Developer Blog

Feedback
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Spyder View

@ python File Edit Search Source Run Debug Consoles Projects Tools View Help W ® A <> 0] 1wo0xEA Wed11:06 AM Gupta Q =
[ JON ] Spyder (Python 2.7)
DeER2E0  PHBCENCEEN B BX FA €9 usesopa PR
(<N Editor [N Help

untitled0.py Source = Console a Dbjec“t| n & “

1#!/usr/bin/env python2
2 # == coding: utf-8 —w-

e
4created on Hed Dec 2? 11:86:22 201? _
5

6 @author: gupta

7 vnn Here you can get help of any object by pressing Cmd-+1 in front of it,
8 either on the Editor or the Console.
9

Help can also be shown automatically after writing a left parenthesis
next to an object. You can activate this behavior in Preferences >
Help.

MNew to Spyder? Read our tutorial
Code Area

Variable explorer File explorer m Profiler
[N IPython conscle

Console 1/A

Python 2.7.13 |Anaconda 4.4.8 (xB6_64)| (default, Dec 20 2016, 23:05:08)
Type "copyright", "credits" or "license" for more information.

IPython 5.3.8 — An enhanced Interactive Python.
? == Introduction and overview of IPython's features.
%quickref -= Quick reference.

help == Python's own help system.
object? -> Details about 'object', use 'object??' for extra details.
In [1]:

ipython Area

NASA's Applied Remote Sensing Training Program 8
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Current Directory View & filelList.ixi

* In a text file, create a list of each
netcdf file of interest and name it,
‘fileList.txt’

* The same directory should have
— All the python codes
— All the netcdf (.nc) data files

— A file named ffileList.txt' that contains
a list of each netcdf filename

NASA's Applied Remote Sensing Training Program

Name

__ fileList.txt

read_and_map_tropomi_no2.py

read_tropomi_and_list_sds.py

read_tropomi_no2_and_dump_ascii.py

read_tropomi_no2_so2_at_a_location.py
°" S5P_OFFL_L2_AER_AI_20180816T183016_201...201146_04361_01_010100_20180822T174822.nc
°" S5P.OFFL_L2_CO___ 20180816T183016_2018..01146_04361_01_010100_20180822T174815.nc
°" S5P.OFFL_L2_NO2___20180816T183016_201..01146_04361_01_010100_20180822T211052.nc
°" S5P_RPRO_L2_CH4___20180816T182917 201...01245_04361_01_.010202_20190101T194705.nc

Date Modified

May 25, 2019 at 2:38 PM
May 25, 2019 at 2:34 PM
May 23, 2019 at 2:41 PM
May 25, 2019 at 2:18 PM
May 25, 2019 at 2:36 PM
Apr 17, 2019 at 2:41PM
Apr 17, 2019 at 2:46 PM
Apr 17, 2019 at 2:58 PM
Apr 17, 2019 at 2:42 PM

Size

174 bytes
5KB
4KB
5KB
8KB

129.8 MB

128.4 MB

344.3 MB

46.7 MB

Kind

Plain Text

Plain Text

Plain Text

Plain Text

Plain Text
netCDF Dataset
netCDF Dataset
netCDF Dataset
netCDF Dataset
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Spyder View

® Spyde: hon 3.6)
Spycar (Pythan 3.6)
Osa%Ee rBRERG HeEScEnr B BEX £° €9 i inarjsessiondats codes XY
o Editor - {Lsers{pguntad.spyder-py3itemp oy LX) File exlorer |
G o
1 [ - Name: A Size Kind Date Modified

§snwer editer 3 fileList.oxt 174 bytes txt File 5/26/19 2:38 PM

a [@ read_and_map_tropami_noZ.py 4KB pyFile 5/25/19 2:34 PM

:IE‘,{‘ is a temporary script file. [® read_tropomi_and_list_sds.py 4KB pyFile 5/2318 2:41 FM

7 & read_tropomi_no2_and_dump_ascii.py 4 KB pyFile 525119 2:18 PM

E [2 read_tropomi_no2_sa2_at_a_location.py 7KB pyFile 5/25/19 2:36 PM

[ S5P_OFFL_L2_AER_AI_20180818T183016_20180818T201146_04361_01_010100_20180822T174822.nc 123.8 MB ncFile ANM7N19 2:41 PM

[ S5P_OFFL_LZ_CO___ 20180816T183016_20180816T201146_04361_01_010100_20180822T174815.nc 122.4 MB nc File ANTNG 2:46 PM

[3 S6P_OFFL_L2_NOZ2___20180816T183016_20180816T201146_04361_01_010100_20180822T211052.n¢ 328.4 MB nc File 4M718 2:58 PM

[ S5P_RPRO_L2_CH4__20180818T182917_20180816T201245_04361_01_010202_20190101T194705.nc 446 MB nc File 41718 2:42 PM

Variable explorer  File explorer  Help

ython cansale

thon 3.6.5 |

Pyl X nda, Inc.| (default, Mar 29 2018, 13:14:23)
Type "copyrignt”, i

a
“credits” or “license" for more information.
IPython 6.4.8 —- An enhanced Interactive Pythan.

In [11:

 IPython console  History log
Permissions: RW  End-of-iines: LF  Encoding: UTF-8 Line: 1 Column: 1 Memory: 40%

NASA's Applied Remote Sensing Training Program
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fileList.txt

| NON | | fileList.txt ~
55P_OFFL_L2__AER_AI_20180816T183016_20180816T201146_04361_01_010100_20180822T174822.nC
S5P_OFFL_L2__NO2____20180816T183016_20180816T201146_04361_01_010100_20180822T211052.ncC

NASA's Applied Remote Sensing Training Program 11
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Python Packages & Test code

Open the test code and run it

1

2

3llllll

4 Created on Tue May 28 09:52:00 2019

5

6 @author: pgupta3

'7llllll

8

9

10 from netCDF4 import Dataset

If this code runs without any error and
outputs then your python is ready for
the today’s session.

11 import numpy as np

12 from numpy import unravel_index

13 import sys

14 import time

15 import calendar

16 import datetime as dt

17 import pandas as pd

18 from mpl_toolkits.basemap import Basemap
19 import matplotlib.pyplot as plt

NASA's Applied Remote Sensing Training Program
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gy sl AP s
*  Credit: TROPOMI, ESA, Copernicus, KNMI "

Read a TROPOMI NO, File (nhc) and Print SDS List



Print Scientific Data Sets (SDSs)

read_iropomi_and_list_sds.py

ez vw=Ee FRBRE HE==Ep BBX F° €5 0 13T yTrain 0 codes X

oo Editer X _tropomi_and_ist_sds oy oo Flle explover
. o tamppy | read tropomi_and iist_sds.py | 4000 8
urpose. rea : e e

2 [ fileListu 174 bytes v File 5125018 238 PM

3Module: read_omi_no2_so2_and_list_sds.py [ read_and_map._tropomi_na2 py 4KB py File 5/25/19 2:34 PM

- - a [ read_tropomi_and_kst_sds.gy KB pyFile 523018 2:41 PM

I eve I 2 d ata fl I eS I n n ethf 5Disclaimer: The code is for demonstration purposes only. Users are responsible to check for accuracy and revise to f [ read_tropomi_no2_and_dump_ascil oy 4KB pyFile 5/2519 2:18 P
£ B o e LA SR AL ST AT SO LN LT AR re AN weFlh AR

fi Author: Justin Roberts—Plerel, 2015 [ S59.OFFL_L2_CO__20180818TI83015_20180816T201146 04381 01 0ICION 201B0822T 17481500 1224MB ncfle 41719248

80rganization: NASA ARSET [} S5P_0FFL_LZ_NOZ__20180816T183016_20180B16T201146_04361.01_010100_20180822T211052.1c: 328.4MB NG File 41719 2:68 Pl

.
fO rmat an d rl nt aI I th e _z”u rpose: To print all SDS from an TROPOML file [} S5P_RPRO_L2_CHd__ 201808167 182917_20180616T201245 04361 01010202 20190101T194705.nc A46MB ncFil 441719 2:42 PM

11Updated by Pawan Gupta, May 18 2019 to read TROPOMI data

Y e, Y e e

. wx
Scientific Data Sets
for varname in list(grp.variables.keys(}):
var = grp.variables[varname]

dims = var.dimensions
if not ('scanline' in dims and ‘ground_pixel' in dims and 'time’' in dims):

continue
if 'corner' in dims or varname == 'time_utc':
continue
25 print{var)
27
1 28 Varool expioer | Fils rgiorsr il
n their current rorm, all o : 2 S
] 3@ 5 comdeia s
= def ncdumpinc_fid, verb=True): Python 3.6.5 |Anaconda, Inc.| (default, Mar 29 2018, 13:14:23)

Type "copyright”, "credits" or "license" for more information.

33 ncdump outputs dimensions, variables and their attribute information.
35 ncdump requires a valid instance of Dataset. e "

36 .
7 Parameters In [1]:
s - -
eve roducts. no E—
] 40 A netCDF4 dateset object
41 verb : Boolean
42 whether or not nc_attrs, nc_dims, and nc_vars are printed

ist of the NetCDF file global attributes

49 Python 1list of the Net(DF file dimensions
50 nc_vars @ 1i

gridded products. The code :
Is tested for NO,, data and

may require to modify to R
work with other TROPOMI '

data sets.

Parameters
unicode

alid net(NFA Natacet variahlec kev

IPython console  History log
Permissions: RW  End-of-lines: CRLF  Encoding: ASCII Line: 1 Column: 1 Mamory: 40%

NASA's Applied Remote Sensing Training Program
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Running and Output

Click the green arrow
to run the code

The code will process
all of the files in
fileList.txt one-by-
one

Follow the
Instructions on the
Ipython terminal (i.e.
enter Y’ or ‘N’ when
prompted and hit
enter)

PEHBRGH == B ER F° €50 T

| e -

temp.py read_tropomi_and_list_sds.oy

P
3Module: read_omi_no2_so2_and_list_sds.py
4

\codesraan_tropami_nd. st 55 py

5Disclaimer: The code is for demonstration purposes only. Users are responsible to check for accuracy and

6

7 Author: Justin Roberts-Pierel, 2015
80rganization: NASA ARSET

9 Purpose: To print all SDS from an TROPOMI file

10

11 Updated by Pawan Gupta, May 18 2019 to read TROPOMI data
R

14

15 def print_var_recursively(grp):

16 for varname in list(grp.variables.keys()):

17 var = grp.variables [varname]

18 dims = var.dimensions

19 if not ('scanline' in dims and 'ground_pixel' in dims and 'time’ in dims):
20 continue

21 if 'corner' in dims or varname == 'time_utc':

22 continue

23

24

25 print(var)

26

27

28

29

30

31 def ncdump(nc_fid, verb=True):

32 e

33 ncdump outputs dimensions, variables and their attribute information.
34 The information is similar to that of NCAR's ncdump utility.
35 ncdump requires a valid instance of Dataset.

36

37 Parameters

38

39 nc_fid : netCDF4.Dataset

40 A netCDF4 dateset object

41 verb : Boolean

42 whether or not nc_attrs, nc_dims, and nc_vars are printed
43

44 Returns

48—

46 nc_attrs : list

a7 A Python list of the NetCDF file global at

48 nc_dims : list

49 A Python list of the NetCDF file dimensions

50 nc_vars : list

51 A Python list of the NetCDF file variables

52 e

NASA's Applied Remote Sensing Training Program

LX) a6 sxpioer
gc o0
hams & s xind Gate Mosifien
@ fileList.tet 174 bytes ixt File 6/26/19 2:38 PM
read_and_map_tropomi_no2.py 4KB pyFile 5/25/19 2:34 PM
2 ;
4KB pyFile 5/23119 241 PM
[# read_tropomi_noZ_and_dump_ascii.py 4KB pyFile 5/2519 2:18 PM
®
[ read_tropomi_no2_s02_at_a location.py 7KB pyFile 5/25/19 2:36 PM

[ S5P_OFFL_L2_AER AL 20180816T183016_20180816T201146_04361_01_010100_20180822T174822.nc
[ S5P_OFFL L2_CO__ 20180816T183016_20180816T201146_04361_01_010100_20180822T174815.nc 122.4 M8 ncFile
[ S5P_OFFL_L2_NO2__ 20180816T183016_20180816T201146_04361_01_010100_20180822T211052.nc 328.4M8 ncFile
[ SSP_RPROL2_CH4__20180816T182917_20180816T201245_04361_01 010202 20180101T184705.nc 44.6M8 ncFile

123.8M8 ncFile 4{17/18 2:41 PM
4{17/18 2:48 PM
4{17/18 2:58 PM

4f17/18 2:42 M

Variable explorer  File explorer  Help

LX) 1Pynon consale

proposed_standard_name: ultraviolet_aerosel_index standard_error
comment: Precision of aerosol index from 388 and 354 nm
long_name: Precision of aerosol index from 388 and 354 nm
radiation_wavelength: [354. 388.]
coordinates: longitude latitude
_FillValue: 9.96921e+36

path = /PRODUCT

unlimited dimensions:

current shape = (1, 3245, 45@)

filling on

<class 'netCDF4._netCDF4.Variable's>

float32 serosol_index_340_38@_precision(time, scanline, ground_pixel)
units: 1
proposed_standard_name: ultraviolet_aerosol_index standard_error
comment: Precision of aerosol index from 38@ and 340 nm
long_name: Precision of aerosol index from 380 and 348 nm
radiation_wavelength: [3408. 380.]
coordinates: longitude latitude
_Fillvalue: 9.96921e+36

path = /PRODUCT

unlimited dimensions:

current shape = (1, 3245, 458)

filling on

Output

Would you like to process
S5P_OFFL_L2__NO2 20180816T183016_20180816T201146_04361_01_010100_20180822T211052.ncC

ML

o

(/)
IPython console  History log

Permissions: RW  End-of-lines: CRLF  Encoding: ASCII Line: 45

Column: 12 Memory: 41%
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), OF TRAINING,


https://arset.gsfc.nasa.gov/

Editing the Code

95
96

97 import netCDF4
98 from netCDF4 import Dataset

99

100

101 try:

102 fileList=open('fileList.txt','r")

103 except:

104 print('Did not find a text file containing file names (perhaps name does not match)')
105 sys.exit()

106

107

108 for FILE_NAME in filelList:

109 FILE_NAME=FILE_NAME.strip()

110 user_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)")
111 if(user_input == 'N' or user_input == 'n'):

112 print('Skipping...")

113 continue

114 else:

115 nc_file = Dataset(FILE_NAME, 'r') =0n
116 nc_attrs,nc_dims,nc_vars = ncdump(nc_file)

117 print_var_recursively (nc_file.groups['PRODUCT'])

118 nc_file.close()

119

Change the name of
fileList.txt to anything
you'd like

The group name in TROPOMI
where data are stored is
called ‘PRODUCT’. There are
other groups in the data file.

NASA's Applied Remote Sensing Training Program
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T

Applications B

« TROPOMI Level 2 NO, and other data are provided in netCDF (.nc) file
» Each nc file contains several geophysical parameters
» Special codes/tools are required to open the nc files

» This code helps users see the names and dimensions of the available SDSs inside an
nc file for further analysis

!.- . NASA'’s Applied Remote Sensing Training Program 17 NG
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oA .
p é Credit: TROPOMI, ESA, Copernicus, KNMI "




Reminders

» Close the earlier code in Spyder
« Restart the ipython kernel

h NASA's Applied Remote Sensing Training Program 19 \ormime
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Plot and save a map of TROPOMI Al & NO,

read_and_map_tropomi_no2_ai.py

Spyder [Pythen 3.61
DOt B % rPOBEBRG HE=Ep B BX FP €9 310 i b cooes .4
X} Eaitor - CoaSITaRE. 00N 0PN NOZ DY X File axplorar
B3| temppy | read.andmap wopaminaz.py Hooo a
hame A Size Kind Oate Modified
P [@ fileList.txt 174 bytes txt File 5/25/19 2:38 PM
3Module: read_and_map_tropomi_no2.py %) read_and_map_tropomi_no2.py 4 KB py File B2 R RN
2 S [ read_tropomi_and_ist_sds.py 4KB pyFlle 52319 2:41 PM
5Disclaimer: The code is for demonstration purposes only. Users are responsible to check for accuracy and revise to f [ read_tropomi_no2_and_dump_ascii.oy 4KB pyFile (25119 2:18 PM
[ read_tropomi_no2_so2_at_a._location py 7K8 pyFile 5/25/19 2:36 PM
. ) s [ S5P_OFFL_L2_AER_A|_20180816T183016_20180816T201146_04361_01_010100_20180822T174822.nc 1238MB e File 41719 2:41 PM
g SUthn r iUSt lnNggieggg E_?lere E ’ 2015 [ S5P_OFFL_L2_CO. 20180816T183016_20180816T201146_04361_01_010100_20180822T174818.nc 122.4 MB nc File 41719 2:48 PM
Prganlza.l ‘Tm”‘ tract Noz 2 data f MI HDF5 il 4 "  th lting dat [ S5P_OFFL L2_NOZ__201B0B16T183016_201B0B1GT201146_04361_01_010100_20180822T211052.nc 328.4MB ncFile 4117119 2:58 PM
9Purpose: To extract No2 or S02 data from an Of 5 file and create a map o € resulting data [} $6F_RPRO_LZ_CHA___20180B16T182917_20180816T201245_04361_01_010202_201901017194706.nc 24.6 M8 nc Flle 4[1719 2:42 PM

10

11See the README associated with this module for more information.
12Modified by Vikalp Mishra & Pawan Gupta, May 1@ 2019 to read TROPOMI data
13
e
15 import numpy as np

16 from mpl_toolkits.basemap import Basemap
17 import matplotlib.pyplot as plt

18 import sys

19 from netCDF4 import Dataset

23 fileList=open('filelList.txt','r")
24 except:

25 print('Did not find a text file containing file names (perhaps name does not match)')

26 sys.exit()

; ; 'Variable explorer File explorer Help
29 for FILE_NAME in filelist: (K] IPyihan cansals
30 FILE_NAME=FILE_NAME.strip() | consoleva g
31 user_input:input(:\TWGuld ynurlike to ?r?:ess\n' + FILE_NAME + '\n\n{Y/N)"') Python 3.6.5 |Anaconda, Inc.| (default, Mar 29 2018, 13:14:23)
ﬁ lf(u:kfirﬁi.lilggilppmg.”or")user_mput = Type "copyright", "credits" or "license" for more information.
;; EISE.::nnnnue IPython 6.4.@ — An enhanced Interactive Python.

36 file = Dataset(FILE_NAME, 'r') Restarting kernel

37 e

38 ds=file

39 grp="'PRODUCT"

40 lat= ds.groups[grp).variables['latitude'][@][:][:]

41 lon= ds.groups [grp].variables['longitude'][@][:][:] In [1]:

42 if 'NOZ2' in FILE_NAME: "

43 sds_name="nitrogendioxide_tropospheric_column’

44 if 'AER_AI' in FILE_NAME:

45 sds_name="aerosol_index_354_388"

46 data= ds.groups[grp].variables[sds_name]

47

48

49 fv=data._FillValue

50

51

52 min_lat=np.min(lat)

53 max_lat=np.max(lat)

54 min_lon=np.min(lon)

55 max_Llon=np.max(lon)

56

57

58 map_label = data.units

59 map_title = data.long_name

A0

IPython console  Histary log
Permissions: RW  End-of-lines: CRLF  Encoding: ASCII Line: 1 Column: 1 Memory: 40%

NASA's Applied Remote Sensing Training Program PR,
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Running and Output ...

Would you like to process
S5P_OFFL_L2__ AER_AI_20180816T183016_20180816T201146_04361_01_010100_20180822T174822.nc

(Y/N)y
The average of this data is: =7.39%e-901
The standard deviation is: 1.09e+00

The median is: -9.15e-01
The range of latitude in this file is: -86.788864 +to 89.96817 degrees
AI/NO StatIStICS The range of longitude in this file is: -179.99942 +to 179.99986 degrees
2

Would you like to create a map of this data? Please enter Y or N
Y

S5P_OFFL_L2__AER_AI_20180816T183016_20180816T201146_04361_01_010100_20180822T
Aerosol index from 388 and 354 nm

90°N

60°N =

Output map > ¢ b

30°S

60°S

90°S
1

Would you like to save this map? Please enter Y or N

NASA's Applied Remote Sensing Training Program
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Editing the Code

Change the color scale

if is map == 'Y' or 1s map == 'y"
data = np.ma.masked_array(data, np.isnan(data))
= Basemap(projection='cyl', resolution='1",
1lcrnrlat=-90, urcrnrlat = 90,
1lcrnrlon=-180, urcrnrlon = 180)
m.drawcoastlines(linewidth=0.5)
m.drawparallels(np.arange(-90., 120.,
m.drawmeridians(np.arange(-180, 180.,

my_cmap = plt.cm.get_cmap('jet')
my_cmap.set_under('w")
vminl=0.0
vmax1=0.05
if "AER_AI' in FILE_NAME:
vminl=-2.0
vmax1=0.4

m.pcolormesh(lon, lat, data, latlon=True, vmin=
cb = m.colorbar()

cb.set_label(map_label)

plt.autoscale()

plt.title('{0}\n {1}'.format(FILE_NAME, map_tit
flg ] plt gcf()

plt show()

is_save= str(lnput( \nWould you llke to save th1
if 15 save == 'Y' or 15 save == 'y':

pngf11e = '{0} png' format(FILE NAME[ —3])
flg saveflg(pngflle, dpi = 300)

flle close() -

rioy_spectra! [

30.), labels=[1, 0, 0, 0])
45.), labels=[0, 0, 0, 1])

T . £l

Miscella neous ‘colorma ps
fag | EREEEEEEEEEEED
pism | I I N B B B B B .
i

gist_earth
ceraie
astsce IO
ot I
ouoor:
.
covere: N
A —————
hov [ I |
gist_rainbow [T
rinbow
- I

gist_ncar [T ]

/Imatplotlib.org/examples/color/colormaps reference.html

Change the SDS to plot

37

38 ds=file

39 grp="PRODUCT"'

40 lat= ds.groups[grpl.variables['latitude']1[0] [:]11[:]
41 lon= ds.groups[grpl.variables[' longitude'1[@][:]1[:
42 if |'NO2' in FILE_NAME:

43 sds_name='nitrogendioxide_tropospheric_column'
44 if |"AER_AI' in FILE_NAME:

45 sds_name='aerosol index 354 388'

46 data= ds.groups[grpl.variables[sds_name]

AT

NASA's Applied Remote Sensing Training Program

YEARS
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T

Applications B

* This is a sample code fo read and map the TROPOMI Level 2 NO, and Al data
« The code can be modified to address various mapping needs

« User can create daily maps of frace gas columns over certain regions and start
analyzing changes over time

« These maps can also help identify regions of high pollution

!.- . NASA'’s Applied Remote Sensing Training Program 23 TR
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Extract NO,/Al at a given location



Extract NO, Values from TROPOMI Level 2 Data

read_iropomi_no2_ai_at_a_location.py

* Purpose: read @
TROPOMI NO,/Al
level 2 data file
In nc format and
extract values at
a given ground
location

_codes

DR+ Ee rDBRG HE=EcEr BBX F7 €9 u i
oo dior - cotesited rop0nipoR_sod_aLa Kooy
5|  temppy | read wopomino2 sa2 st & location.py|

13
14
15

16 import numpy as np

17 import sys

18 from numpy import unravel_index
19 from netCDF4 import Dataset

21

22 try:

23 fileList=open('fileList.txt','r"')

24 except:

25 print{'Did not find a text file containing file names (perhaps name does not match)')
26 sys.exit()

27

28
29 for FILE_NAME in filelList:
30 FILE_NAME=FILE_NAME.strip()

31 user_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)')
32 if(user_input == 'N' or user_input == 'n'}:

33 print('Skipping...")

34 continue

35 else:

36 file = Dataset(FILE_NAME, 'r')

37

38 if 'M02' in FILE_NAME:

39 print('This is an TROPOMI NO2 file.')

49

41 SDS_NAME='nitrogendioxide_tropospheric_column'
42 elif 'AER_AI' in FILE_NAME:

43 print('This is an TROPOMI Aerosol Index file.')
44 SDS_NAME='aerosol_index_354_388"

45 ds=file

46 grp="PRODUCT"

47 ds.groups [grp].variables['latitude'][@]1[:][:]
48 ds.groups [grp].variables['longitude'] (@] [:][:]
4 data= ds.groups[grp].variables[SDS_NAME]

50

51

52 fv=data._FillValue

53

54

55 min_lat=np.min(lat)

56 p.max(lat)

7 p.min(lon}

58 p.max(lon}

59

60

61 map_label = data.units

62 map_title = data.long_name

63 SDS_NAME=map_title

64

65

66 dataArray=np.array(data(@] [:1[:])

67 dataArray [dataArray==fv]=np.nan

68 data=dataArray

69

70

71 average=np.nanmean(dataArray)

72 stdev=np.nanstd(dataArrav)

NASA's Applied Remote Sensing Training Program

a

X Fie explorar

o 00
Name 4 size King Date Modified
[ filoList.tet 174 bytes txt File (2519 2:38 PM
& read_and_map_tropomi_noZ.py 4KB py File (2519 2:34 PM
[ read_tropomi_and_list_sds.py 4KB py File 5(23/18 Z:41 PM
[ read_tropomi_no2_and_dump_ascil.py 4KB py File 5(25/19 2:18 PM
[® read_tropomi_no2_s02_at a_location.py 7KB py File 52519 2:36 PM
[ S5P_OFFL_L2_AER_AI_20180816T183016_20180816T201148_04361_01_010100_20180822T174822.nc 123.8MB nc File 4{17/18 2:41 PM

7 S5P_OFFL_L2_CO___ 20180816T183016_20180816T201146_04361_01_010100_20180822T174815.nc 122.4MB nc File 4{17/19 2:46 PM

[ 55P_OFFLL2_NO2__ 20180816T183016_20180816T201146_04361.01.010100_20180822T211052.nc 328.4MB nc File 4{17/19 2:58 PM
[ S5P_RPRO_LZ_CH4__20180816T182817_20180816T201245_04361_01_010202_20180101T194705.n¢ 44.6MB nc File 4[17/18 2:42 PM

Variable explorer  File explorer  Help
oe IPythen cansole

5| consoleta

Restarting kernel...

In [1]: runfile('/Users/pgupta3/Documents/MyTrainings/2@19/N02Webinar/session3/data_codes/

- B4

[ Y

read_tropomi_no2_so2_at_a_location.py', wdir='/Users/pgupta3/Documents/MyTrainings/2019/N02Webinar/session3/

data_codes')

Would you like to process
S5P_OFFL_L2__ AER_AI_20180816T183016_20180816T201146_04361_01_010100_20180822T174822.nc

(Y/N)y

This is an TROPOMI Aerosol Index file.

The average of this data is: -7.39%-81

The standard deviation is: 1.@9e+00

The median is: -9.15e-81

The range of latitude in this file is: -B6.788864 to B89.96817 degrees
The range of longitude in this file is: -179.99942 to 179.99986 degrees

Please enter the latitude you would like to analyze (Deg. N): 35.5
Please enter the longitude you would like to analyze (Deg. E): -180.9

The nearest pixel to your entered location is at:

Latitude: 35.51131 Longitude: -100.01028

The value of Aerosol index from 388 and 354 nm at this pixel is -2.39e+00
There are 9 valid pixels in a 3x3 grid centered at your entered location.
The average value in this grid is: -2.07e+00

The median value in this grid is: -2.04e+00

The standard deviation in this grid is: 3.23e-01

There are 25 valid pixels in a 5x5 grid centered at your entered location.
The average value in this grid is: -1.83e+0@

The median value in this grid is: -1.92e+00
The standard deviation in this grid is: 4.55e-01

Would you like to process
S5P_OFFL_L2__NO2____20180816T183016_20180816T281146_04361_01_010180_20180822T211852. nc

(Y/N)
IPython consale  History log
Permissions: RW  Enc-of-lines: CRLF  Encoding: ASCII Line; 52

Column: 20 Memory: 41 %
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Running and Output

Type “Y” to process file,
“N” to skip

Lat & Lon of station —_
Outputs 4
__,——?'
X X X X X X X
X X X X X X X
X X X X X X X <
x Ix Ix ® x| x| x
X X X X X X X
X X X X X X X
X X X X X X X \

NASA's Applied Remote Sensing Training Program

Would you like to process
S5P_OFFL_L2__NO2 20180816T183016_20180816T201146_04361_01_010100_20180822T211052.ncC

(Y/N)y
This is an TROPOMI N02 file.

The average of this data is: 1.13e-06

The standard deviation is: 2.96e-@5

The median is: 4.12e-06

The range of latitude in this file is: -86.788864 +to 89.96817 degrees
The range of longitude in this file is: -179.99942 +to 179.99986 degrees

Please enter the latitude you would like to analyze (Deg. N): 35.0
Please enter the longitude you would like to analyze (Deg. E): -100.0

The nearest pixel to your entered location is at:

Latitude: 35.02769 Longitude: -99.99893

The value of Tropospheric vertical column of nitrogen dioxide at this pixel is
There are 9 valid pixels in a 3x3 grid centered at your entered location.

The average value in this grid is: 2.15e-05

The median value in this grid is: 2.13e-05

The standard deviation in this grid is: 5.89e-06

There are 25 valid pixels 1in a 5x5 grid centered at your entered location.
The average value in this grid is: 2.85e-05

The median value in this grid is: 2.60e-05

The standard deviation in this grid is: 9.31e-06

2.23e-05

26

\
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Editing the Code - Change the SDS

27

28

29 for FILE_NAME in filelList:

30 FILE_NAME=FILE_NAME.strip()

31 user_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)"')

32 if(user_input == 'N' or user_input == 'n'):

33 print('Skipping...")

34 continue

35 else:

36 file = Dataset(FILE_NAME, 'r"')

37

38 if 'NO2' in FILE_NAME:

39 print('This is an TROPOMI NO2 file.')

40

41 SDS_NAME='nitrogendioxide_tropospheric_column'
42 elif "AER_AI' in FILE_NAME:

43 print('This is an TROPOMI Aerosol Index file.')
44 SDS_NAME='aerosol_index_ 354 388'

45 ds=file

46 4rp= 'PRODUCT' _

47 at= ds.groupslgrpl.variables| latitude’][@][:]1]:]
48 lon= ds.groups[grp].variables['longitude'][@][:][:]
49 data= ds.groups[grp].variables[SDS_NAME]

50

51

52 fv=data._FillValue

53

NASA's Applied Remote Sensing Training Program
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Applications

Satellite Validation
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Source: Krotkov et al. (2017)
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Column vs. Surface
Relationship and Trends

12

il | B T T H g
\*H‘ﬂg o gy w7 (SR e
" { WITETAA | R Ay | o
Vﬂj \ h < %‘ l{ TS '."};, ; \"‘\ &S 6

ow lroposphenc NO, VCD [10° < .+ g 18
———  e—
0.1 0.9 1.8 2.7 3.6 45 54 6.3 4

N

30
36

42

48

AQS surface NO2 [ppb]

R : AQS (Surface)
0.0 14 2.8 4.2 5.7 71 85 10.0

Source: Lamsal, L.N. et al. (2016)
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Output nc variables to CSV



Output TROPOMI NO,/Al nc variables to a CSV file

read_iropomi_no2_ai_and_dump_ascii.py

« Purpose: read e —————— , ==

o0 Editor - 1_codesread._ tropomi_no2_and_dump_sech.py oo Fle explorer
5| temppy | read.tropomino2.and dump.ascipy Bo oo o
1 Nome A sie Xind Dete Modified
2 @ fileList.txt 174 bytes txt File 5/25/19 2:38 PM
[® read_and_map_tropomi_no2.py 4KB py File

[ read_tropomi_and_list_sds.py 4KB pyFile
@ read_tropomi_no2_and_dump_ascii.py 4KB py File
[3) read_tropomi_no2_s02_at_a_location.py 7K8 py File 5/25/19 2:36 PM

6
¥ & R i K i [ SSP_OFFL L2 AER AL20180816T183016_20180816T201146.04361.01.010100_20180822T174822.csv  231.0MB csv File 5/28/19 9:45 AM
| e V e | 2 N O: z O r 7 Author: Justin Robert 5E$‘Erel' 2015 [) S5P_OFFL_L2_AER_AI_20180816T183016_20180816T201146_04361_01_010100_20180822T174822.nc 1238M8 ncFile 41719 2:01 PM

R rgandzation: NASH AR £ [) SSP_OFFLL2_CO___20180816T183016_20180816T201146_04361.01_010100_20180822T174815.nc 122.4M8 nc File 4117119 2:46 PM
. . 9Purpose: To print all SDS from an TROPOMI file [@ SSP_OFFL_L2_NO2__20180816T183016_20180816T201146_04361.01.010100_20180822T211052.csv 839MB csvFile 5/28/19 9:46 AM
10 [) SSP_OFFLL2_NO2__20180816T183016_20180816T201146_04361.01_010100_20180822T211052.0c 328.4M8 ncFile 4/17/10 2:58 PM
G O I e I n 11Modified by Vikalp Mishra & Pawan Gupta, May 10 2019 to read TROPOMI data 1 S5P RPRN 12 CHA _ I01ANATATIR2A17 2MANATAT2N1245 NA3AT N1 NN202 211AAINTTIAAT0N no 44AMR ne Filn 417119 -2 At
12 Variable explorer  File explorer  Help
- e oo ynon conso
’lgf tCDF4 i t Dataset 5 console 1A | [ &Y
;,i;"’("'r't‘enum ;’;“”r"' atase Python 3.6.5 |Anaconda, Inc.| (default, Mar 29 2018, 13:14:23)
I Ie 1; imsurt syspy P Type "copyright", "credits" or "license" for more information.
;‘S ;:Eg:: E:{‘:ndar IPython 6.4.0 —— An enhanced Interactive Python.
20 import datetime as dt .
21 import pandas as pd Restarting kernel...
22
23
24
L] L] 2 .
’,f try'fne,_ist_ A Filelist ke’ Vi) In [1]: runfile('/Users/pgupta3/Documents/MyTrainings/2019/N02Webinar/session3/data_codes/
er e < er G II l 97 except: I e read_tropomi_no2_and_dump_ascii.py', wdir='/Users/pgupta3/Documents/MyTrainings/2019/N02Webinar/session3/
2 print('Did not find a text file containing file names (perhaps name does not match)') date_cades”)
. 29 sys.exit()
;‘1’ Would you like to process
S I I l O O for FILE_NAME in filelist: S5P_OFFL_L2__AER_AI_20180816T7183016_201808167201146_04361_01_010100_20180822T174822.nc
FILE:NAME=FILE_NN4E.5!I'ip() (Y/N)y
° t{:?;;;’;pgr;:pff(.:‘?\'I;&Lﬂsi‘;uiglﬁi EE ?;?;fssm + FILE_NAME + "\n\n(Y/N) ) This is an TROPOMI Aerosol Index file.
ST skipping ) RS latitude (1, 3245, 450)
( SV ex I e pr L SRR longitude (1, 3245, 450)
aisas qa_value (1, 3245, 450)
P G aerosol_index_354_388 (1, 3245, 450)
Iile = DatRLIEILENME,: TR2) aerosol_index_340_380 (1, 3245, 450)
are= aerosol_index_354_388_precision (1, 3245, 450)
if 'NO2' in FILE_NAME: aerosol_index_340_380_precision (1, 3245, 450)
print('This is an TROPOMI NO2 file.') A1l files have been saved successfully.
SDS_NAME="'nitrogendioxide_tropospheric_column'
elif 'AER_AI' in FILE_NAME: "
Al - £ ' Would you like to process
BrintliThis io o0 TRIPONI AeroReLiTiies F11e,0) SSP_OFFL_L2_ NO2___ 20180816T183016_20180816T201146_04361_01_010100_20180822T211052. nc
49 ds=file = S
l ' (Y/N)y
50 grp="'PRODUCT Abda :
51 lat= ds.groups([grp].variables['latitude'] (0] [:][:] .{gﬁtzzea?lmggggl ﬁg;)fue'
52 lon= ds.groups[grp].variables('longitude'][0][:][:] longitude (i 3243 250)
5 e i ’ ,
;3 data= ds.groups[grp].variables [SDS_NAME] qa_value (1, 3245, 450)
55 nitrogendioxide_tropospheric_column (1, 3245, 450)
2 3 nitrogendioxide_tropospheric_column_precision (1, 3245, 450)
?‘; fv=data._Fillalue nitrogendioxide_tropospheric_column_precision_kernel (1, 3245, 450)
;D air_mass_factor_troposphere (1, 3245, 450)
5 il 7 i i air_mass_factor_total (1, 3245, 450)
2 scan_tine= ds.groups[grp] .vardables| tiné utc') tm5 tropopause layer index (1, 3245, 450)
IPython console _ History log
Run selection or current line Permissions: RW End-of-lines: CRLF Encoding: ASCI Line: 20 Column: 22 Memory: 43 %

NASA's Applied Remote Sensing Training Program
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Output

-

Page Layout Formulas Data
> X cut Calibri (Body) =+ 12 +| A~ A~
Copy ~ <

il < Format B I Sl =1 202 '&' d

Al v fx  Year
A B C D E F

1 |Year Month Day Hour Minute Second
2 2018 51 16 18 51
3 2018 51 16 18 51
4 2018 51 16 18 51
5 2018 51 16 18 51
6 2018 51 16 18 51
7 2018 51 16 18 51
8 2018 51 16 18 51
9 2018 51 16 18 51
10 2018 51 16 18 51
1 2018 51 16 18 51
12 2018 51 16 18 51
13 2018 51 16 18 51
14 2018 51 16 18 51
15 2018 51 16 18 51
16 2018 51 16 18 51
17 2018 51 16 18 51
18 2018 51 16 18 51
19 2018 51 16 18 51
20 2018 51 16 18 51
21 2018 51 16 18 51
22 2018 51 16 18 51
23 2018 51 16 18 51
24 2018 51 16 18 51
25 2018 51 16 18 51
26 2018 51 16 18 51
27 2018 51 16 18 51
28 2018 51 16 18 51
29 2018 51 16 18 51
30 2018 51 16 18 51
31 2018 51 16 18 51
32 2018 51 16 18 51
33 2018 51 16 18 51
34 2018 51 16 18 51
35 2018 51 16 18 51
36 2018 51 16 18 51
37 2018 51 16 18 51
38 2018 51 16 18 51
39 2018 51 16 18 51
40 2018 51 16 18 51
a 2018 51 16 1R 51

4 » S5P_OFFL L2 _NO2___ 20180816T18 +

Ready

NASA's Applied Remote Sensing Training Program

B S5P.OFFL_L2_NO2__ 20180816T183016_20180816T201146_04361.01_010100_20180822T211052

Review

w
b4

5.
5.
51
51
51
51
51
5!
51
5.
5!
51
51
5.
51
51
5!
5.
5.
51
51
5.
51
51
51
5!
51
51
51
5.
5.
51
51
5.
51
51
51
5.
i

-

b4

b

-

a

o e

b

a

a

2

a

S e

latitude

-85.283333
-85.347733
-85.410431
-85.471458
-85.530846
-85.588608
-85.644768
-85.699348
-85.752373
-85.803864
-85.853828
-85.902298

-85.94928
-85.994797
-86.038864
-86.081497
-86.122704
-86.162514
-86.200935
-86.237976
-86.273666
-86.307999
-86.357018
-86.417801

-86.47345
-86.524094
-86.569855

-86.61084
-86.647194
-86.679039
-86.706512
-86.729759
-86.748924
-86.764153
-86.775604

-86.78344
-86.787804
-86.788864
-86.786789
-86.781723

View

H

longitude

-136.46013
-135.71352
-134.95714
-134.19095
-133.41499
-132.6293
-131.83389
-131.02884
-130.21422
-129.39012
-128.55666
-127.71396
-126.86217
-126.00148
-125.13205
-124.2541
-123.36785
-122.47355
-121.57148
-120.66191
-119.74516
-118.82155
-117.42407
-115.54012
-113.63558
-111.71391
-109.77879
-107.83408
-105.88378
-103.93198
-101.98278
-100.04027
-98.108452
-96.1912
-94.292236
-92.415031
-90.562828
-88.738579
-86.944946
-85.18428

DO OODOO0DOODODODOOOOOODO0OOO0OO0OO0O0O0O0O0O0ODOOOOOOOOOOO O

— ¢ Wrap Text

General
Merge & Center ~ $Ix% |
] K {5
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E436  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
9.97E+36  9.97E+36  9.97E+36
997F+36  9.97F+36  9.97F+36

# -

%5 % Conditional Format

Formatting as Table

M N o

air_mass_fa air_mass_fa tm5_tropopause_layer_index

9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97€+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+436  9.97E+36 -2.147E+09
9.97E+436  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97e+36  9.97E+36 -2.147E+09
9.976+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.976+436  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.976+36  9.97E+36 -2.147E+09
9.97E436  9.97E+36 -2.147E+09
9.97e+436  9.97E+36 -2.147E+09
9.97E436  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97e+36  9.97E+36 -2.147E+09
9.97E436  9.97E+36 -2.147E+09
9.976+36  9.97E+36 -2.147E+09
9.97E436  9.97E+36 -2.147E+09
9.97E+36  9.97E+36 -2.147E+09
9.97E436  9.97E+36 -2.147E+09
997F+36  9.97F+36 -2.147F+09

Styles

(OX
&% Share A
. A =
omn ., emx. (O Z Autosum Ay~
3| Fill v Z
Insert Delete  Format Sort &
7/ Clear ~ Filter
v
Q R S T u

This code saves a .csv
file, which can be opened
by excel, a text editor, or
other codes or software

E - — — 100%

31
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Editing the Code

27
28
29 for FILE_NAME in filelList:
Change the SDS 30 FILE_NAME=FILE_NAME.strip()
. 31 user_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)")
SDS to be written 32 if(user_input == 'N' or user_input == 'n'):
33 print('Skipping...")
as OUtpUt 34 continue
35 else:
\3%?\ file = Dataset(FILE_NAME, 'r')
7
. I 3 if 'NO2' in FILE_NAME:
N_OTE' This code 39 print('This is an TROPOMI N02 file.')
will only work when
. 41 SDS_NAME='nitrogendioxide_tropospheric_column'
all the variables 42 elif 'AER_AI' in FILE_NAME:
isted are the same | DTS 12 20 TRORON, perosel. Inden file:
dimension. Use 45 ds=file - T
“p: ” 46 grp="PRODUCT"
the “list SDS” code 47 lat= ds.groups%grp}.variables%'latitude']][E[I]][:[]][:[]]
I I 48 lon= ds.groups[grpl.variables|['longitude'][@][:][:
1(:10 view _the variable 49 data= ds.groups[grpl.variables[SDS_NAME]
Imensions 50
51
52 fv=data._FillValue
53

NASA's Applied Remote Sensing Training Program
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Transition to OMI Data



gy sl AP s
*  Credit: TROPOMI, ESA, Copernicus, KNMI "

Read an OMI NO, File (heb) and Print SDS List



Print Scientific Data Sets (SDSs)

read_omi_no2 _so2 and_list_sds.py
read_omi_no2_so2_and_list_sds_geo.py

File Edit Search Source Run Debug Cgnsoles Projects Tools View Help
D% E0 PEHBIDG M EEEH B BX A& €9 cuemox -

Purpose: re ad OMI N 02 or BT S A— o
SO, level 2 data files in hdf |

format and print all the
Scientific Data Sets :

W

lodule: read_omi_no2_so2_and_list_sds.py

Disclaimer: The code is for demonstration purposes only. Users are responsible fte check for accuracy and re

Here you can get help of any object by
pressing Ctrl+T in front of it, either on
the Editor or the Console.

5
6

thor: tin Roberts-Pierel, 2015
Organization: NASA ARSET
Purpose: To print all SDS from an OMI hdf5 file Help can also be shown automatically
after writing a left parenthesis next to
an object. You can activate this
v behavior in Freferences > Help.

m

oo

-
®

associated with this module for more information.

Wy

15# New to Spyder? Read our tutorial
16 import hspy L4

. 17 ( J i
5 Variable explorer | File explorer | Help
19 try:
28 fileList=open( ' fileList.txt', 'r") IPython console g X
21 except:
22 print('Did not find a text file containing file names (perhaps name does nof match)') | console 1/ 3 LI
= sys.exit() Python 3.6.2 |Anaconda custom (64-bit)| (default, Sep 19 2817, =

: & ©8:03:39) [MSC v.1980 64 bit (AMDE4)]
25 Type "copyright”, "credits” or "license” for more information.
’ 26 for FILE_NAME in filelist:
27 FILE_NAME=FILE_NAME.strip() IPython 6.1.@ -- An enhanced Interactive Python.
28 user_input=input( \nWould you like to process\n’ + FILE_NAME + "\n\n(Y/N)')
29 if(user_input == 'N' or user_input == 'n'}): In [1]:
ese codes work for on
31 continue
32 else:
33 file = hSpy.File(FILE_MAME, 'r'}
34
level 2 products, not
) print('\nThis is an OMI NO2 file. Here is a list of SDS in your file L

EOS' ][ 'SWATHS' ][ "ColumnAmountio2' ][ 'Data Fields'] :

3 datarields=file[ "D
- 38 elif "502° in FILE_NAME
rl e ro I lCtS 39 print(’\nThis is an OMI 502 file. Here is a list of SDS in your filei\n')

. a8 dataFields=file[ 'HDFEOS']['SWATHS' ][ 'OML Total Column Ameunt 502']['Data Fields']
41 else:
42 print('The file named :',FILE_NAME, ' is not a valid OMI file. \n')
43 continue
as [print(" * + i+ ', dim='+ str(dataFields[i].shape) +' \n') for i in dataFields]
46

file.close()

The ' _geo.py’ code lists all )
of the geolocation fields

« i ] v | IPython console | History log

Permissions: RW End-of-lines: CRLF Encoding: ASCIT Line: 17 Column: 1 Memory: 46 %

NASA's Applied Remote Sensing Training Program
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Running and Output

(& spyder (Python 2.6) - - a . - [E=EEE

° CIle the green arrow EEE; sexcn 50;E : "

onsoles | Projects  Tools  View Help
=

B¢ Hou=c=Ep B BEX £ & cmmon -
Editor - C:\Users\mfior Current\Advanced Tools WebinarPython codes\read_omi_no2_so2_and_list_sds.py & X Help =

to run the code/ oD | T o

Module: read_omi_no2_so2_and_list_sds.py

Disclaimer: The code is for demonstration purposes only. Users are responsible o check for accuracy and revise to fit their ohjective.

[ T AT

Here you can get help of any object by pressing

.
[ ] he Code WI II roceSS 7 Author: Justin Roberts-Pierel, 2815 Ctrl+1in front of it, either on the Editor or the
I Author: Just ts- .
8 Organization: NASA ARSET Console.

9 Purpose: To print all 505 from an OMI hdf5 file

o Help can also be shown automatically after writing
a left parenthesis next to an object. You can

. .
+ EADME associat vith this r more informati
all Of the fl |es In ié See the README associated with this module for more information. activate this behavir in Areferences > Help.

m 1"
f - | - 14 New to Spyder? Read our tutorial
lleList.txt one-by- :
L] 16 import hSpy
17
| I
One ! 19 try: | Variable explorer | File explorer | Help |
l ;5 excefpltl:allﬁt—\jpen( filelist.txt','r") e 8 x
22 print('Did not find a text file containing file names (perhaps name does not match)') [ Console 1/a B | -3
| 23 sys.exit() R
24 slantColumnAmountNO25td, dim=(1644, &@)
25
I| 26 for FILE_NAME in fileList: SmallPixelRadiance, dim=(1@, 6@)

° | 27  FILE_NAME=FILE NaME.strip()
28 user_input=input(\nWould you like to process\n’ + FILE_NAME + "\n\n(Y/N)")} SmallPixelRadiancePointer, dim=(1644, 2)

29 if(user_input " or user_input == 'n’')

. . 38 print('skipping...") TerrainHeight, dim={1544, 6@)
31 continue

Instructions on the & . e, e,

33 file = hSpy.File(FILE_NAME, 'r')
34 TerrainReflectivity, dim=(1644, 6@)

. . .
35 if "NO2® in FILE_NAME:
I py O n erl I Ilna I . e . 36 print('\nThis is an OMI NO2 file. Here is a list of 5DS in your fil ) TropopausePressure, dim=(1644, 6@) u t p ut

| - dataFields=file[ "HDFEQS' ][ 'SWATHS' ][ " ColumnAmountN02 ][ 'Data Fields']

EE elif 'S02' in FILE_NAM| VedapBelowCloud, dim=(1644, 68@)

¢ ) ¢ ) o 3e print("\nThis is an OMI S02 file. Here is a list of sDS in your fileiin')
en er Or W en M ae dataFields=file[ "HD "]["SWATHS'J["OMI Total Column Amount 502']['Data Fields'] VedApStrat, dim=(1644, 6@)
41 else:
| 42 print('The file named :',FILE_NAME, ' is not a valid OMI file. \n") VedApTrop, dim=(1l644, 6@)

prompted and hit R R [

45 rint(’ + i+ ', dim="+4 str(dataFields[i].shape) +' “n') for i in dataFields
P P
| 46 WavelengthRegistrationCheck, dim=(1644, 6@) =
47 file.close()
WavelengthRegistrationCheckStd, dim=(1644, &8
gthReg:
XTrackQualityFlags, dim=(1644, @) B
I

ould you like to process
OMI-Aura_L2-0MNO2_2015mB615t2010-058069_vee3-2816m@821t121351. hes

(v/m) L
IPython console _|_tistory log |
Permissions: RW End-of-lines: CRLF Encoding: ASCIT Line: 17 Column: 1 Memory: 46 %
— — — A

NASA's Applied Remote Sensing Training Program PR,
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Editing the Code

Change the name of
fileList.txt to anything you'd
like

ok

P

w

Disclaimer: The code is for demonstration purposes only. Users are responsible to check for accuracy and rewvise to fit their objective.

=~

Author: Justin Roberts-Pierel, 2815
Organization: MNASA ARSET
Purpose: To print all SD5 from an OMI hdfs file

0o

=

11 See the README associated with this module for more information.

| el il el
[ B R U N

o

import hSpy

17

18

9 try:

@ fileList=open( filelList.txt",'r")

1 except:

2 print('Did not find a text file containing file names (perhaps name does not match)')

Qo By changing the location of

; y ging

6 for FILE_NAME in 'FileList:l d t F- Id t | t-

oot s s Lk o precessi’ + FILE A + “\a(V/)) alarlelds 1o geolocation

9 if{user_input == 'N' or user_input == 'n'}: . .

ek found in other codes) th

o prinCSipping. ) (found in other codes) this
else:

e = hpy.File(FILE_NE, °r) =1 can also list the available

if "NO2' in FILE_NAME: . .
ataFSeldsfilel ore0s 1 SUATe 1T cotummeuntioz 17 onth Fields ] 4 geolocatlon variables
elif 'S02° in FILE_NAME:

print{ \nThis is an OMI 502 file. Here is a list of 505 in your file:i\n')
dataFields=file[ "HDFEOS" ][ "SWATHS ][ 'OMI Total Column Amocunt 502']['Data Fields']

[V I R U N

o

i

0o

4 &

1 else:

2 print('The file named :",FILE_NAME, ' is not a valid OMI file. ‘n'")

3 continue

5 [print(" " + 1 + ", dim="+ str(dataFields[i].shape) +' “n'} for i in dataFields]

Bop oo BB B W W WL W R R R RS RS RD KD ORI R R
(53]

~

file.close()

NASA's Applied Remote Sensing Training Program 37 NG
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Applications

.

« OMI Level 2 NO, and SO, data are provided in hdf file
« Each HDF file contains several geophysical parameters
« Special codes/tools are required to open the hdf files

» This code helps users see the names and dimensions of the available SDSs inside an
hdf file for further analysis

h NASA's Applied Remote Sensing Training Program
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Map NO, or SO,



Plot and save a map of OMI NO,, or SO,

read_and_map_omi_so2_no2.py

[ & Spyder [Python 3

File Edit Search Source Run Debug Copnsoles Projects Tools View Help

O LiE@ prpEHBDRENEEE=nrE ® & P € D clsesimiookPooments\ARSET Tranings - Current|Advanced Tools Webinar|Python codes -

Editor - C:\Users\mfcook\Documents\AR SETTrainings - Current\Advanced Tools Webinar \Python codes\read_and_map_omi_no2_soZ.py & X Hep & x
[3| read_and_map_omi_no2_so2.py [ | £ Source|Console ¥ | Object ~ @ &
1 =
5
3 Module: read_and_map_omi_no2_sa2.py
4
gDisclaime': The code is for demonstration purposes only. Users are respensible fto check for accuracy and revise to fit their objective. Here yau can get help of any abject by pressing

Ctrl+Xin front of it, either on the Editor or the
Console.

7 Author: Justin Roberts-Pierel, 2015
8 Organization: NASA ARSET
9 Purpose: To extract No2 or 502 data from an OMI HDF5 file and create a map of the resulting data

Help can also be shown automatically after writing

18
11 See the READNE associated with this module for more information. 2 left parenthesis next to an object. You can
o activate this behavior in Preferences > Halp.
13

| -

[

Mew to Spyder? Read our tutorial
15 import hspy |

16 import numpy as np
17 from mpl_toolkits.basemap impert Basemap
1% import matplotlib.pyplet as plt

19 import sys Variable explorer File explorer Help
|
|- Python consale EES
I 22 try: 3| Console2/a B -3
25 filelist=open( 'Filelist.txt’,'r')
24 except: Python 3.6.2 |Anaconda custom (64-bit)| (default, Sep 19 2817, 88:03:39) [MSC ;l
25 print('Did not find a text file containing file names (perhaps name does not match)') v.1900 64 bit (AMDE4)] X X X
26 sys.edt() Type "copyright", "credits” or "license” for more information.
| ;; ~ IPython 6.1.8 -- An enhanced Interactive Python.
29 for FILE_NAME in filelList:
38 FILE_NAME=FILE_NAME.strip() In [1]:
31 user_input=input(’‘\nWould you like to process\n’ + FILE_NAME + '\n\n(¥/N)'}
| 32 if(user_input == "N' or user_input == "n’):
33 print('Skipping...')
|/t continue
fl 35 else:
36 file = hSpy.File(FILE_NAME, 'r")
37 =
38 if 'NO2' in FILE_MAME: 1
39 print(’'This is an OMI NO2 file. Here is some information: ')
48
| — dataFields=File[ 'HDFEOS' ][ 'SWATHS' ][ 'ColumnAmountNo2' ][ 'Data Fields'] l
42 geolocation=file[ "HDFEQS" ][ 'SWATHS ' ][ 'ColumnAmountNO2" ][ 'Geolocation |Fields']
| 43 5D5_NAME="ColumnAmountNO2"
a4 data=dataFields[SDS_NAME]
i a5 map_label=data.attrs[ 'Units'].decode()
46 elif 'S02" in FILE_NAME:
I 47 print(‘'This is an OMI 502 file. Here is some information: *
a8 dataFields=File[ 'HDFEOS ][ 'SWATHS' ][ 'OMI Total Column Amount 502']['Data Fields']
N as geolocation=file[ "HDFEOS" ][ 'SWATHS' ][ 'OMI Total Column Amount S02°][ ‘Geclocation Fields']
58 SD5_NAME="ColumnAmounts02_PBL" L
51 data=dataFields[SDS_NAME]
52 valid_min=data.attrs[ 'ValidRange'][@]
53 valid_max=data.attrs[ ‘ValidRange'][1]
54 map_label=data.attrs[ Units’ ].decede() |
55 print(’valid Range is: ",valid_min,valid_max)
56 else:
57 print('The file named :',FILE_NAME, ' is not = valid OMI File. \n') L -

4 M 3 IPython console History log

Permissions: RW End-of-lines: CRLF Encoding: ASCIT Line: 1 Column: 1 Memory: 43 %

NASA's Applied Remote Sensing Training Program PG
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Running and Output

In [1]: runfile('C:/Users/mfcook/Documents/ARSET/Trainings - Current/Advanced Tools Webinar/Python codes/
read_and map_omi no2 so2.py', wdir='C:/Users/mfcook/Documents/ARSET/Trainings - Current/Advanced Tools Webinar/
Python codes')

Would you like to process

. . OMI-Aura L2-0MNO2 2668ma728t2016-021357 vee3-20816maE26t1682252. hes
NO,/SO, Statistics
his is an OMI NO2 file. Here is some information:
.14792e+15
he average of this data is: 3.14792e+15
he standard deviation is: 1.35182e+15
he median is: 2.98884e+15
he range of latitude in this file is: -75.8861 +to 89.3693 degrees
he range of longitude in this file is: -179.99 +to 179.975 degrees

Would you like to create a map of this data? Please enter ¥ or N
¥

OMI-Aura_L2-OMNOZ_2008m0720t2016-021357_v003-2016m0820t102252 he5
ColumnAmountNO2 1216

bl P S 16
- - e

R di| :;r' _‘_::- rt\'r i ﬂ-"' ]_4

EL’-?E‘W 1. t\é 12

)

Output map o

0PN < :
N g (W
05 e AL ) :
éfyf = tﬂ*xf'¢} 06
sabs - 1 S — 04
aof st ke e DR = 02
0.0

Would you like to save this map? Please enter ¥ or N

NASA's Applied Remote Sensing Training Program 4] (Iuj
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Editing the Code

Change the color scale

83 if is map == "Y' or is map == "y':

o4 data = np.ma.masked array(data, np.isnan{data))

85 m = Basemap(projection="cyl"', resocluticn="1",

a6 llcrarlat=-9@, urcrnrlat = 9@,

g7 llernrlon=-188, urcrnrlon = 188)

93 m.drawcoastlines (linewidth=8.5)

99 m.drawparallels{np.arange(-98., 128., 38.), labels=[1, &, @, 8])
188 m.drawmeridians(np.arange(-13@, 188., 45.), labels=[8, &, 8, 1])
181 my_cmap = plt.cm.get_cmap('gist stern_r')
182 my_cmap.set_under{ 'w")
1a3 m.pcolormesh({len, lat, data, latl vmin=@, vmax=np.nanmax(dat
1a4 cb = m.colorbar()
185 cb.set_label{map_ label) Mi

iscellaneous colormaps
s nnme A EaRENEEas R
prism
108 plt.title( ' {8}\n {1} .format(FILE_NAME, cccon
169 fig = plt.gcf() N I
L et sten [
111 plt.show() onuplot [T
112 onuplozz T
. _ : . ; [

113 is_save=str(input('‘\nkould you like to :i::r:i:_
114 if is save == "Y' or is_save == ' v A
115 hv [ R S
116 pngfile = '{@}.png'.format(FILE_NAMI gist-:;::fx- R
117 fig.savefig(pngfile) ,Et__ .
118 S =
1149 file.close() gist_ncar [ i A B 3

Change the SDS to plot

28

29 for FILE_NAME in filelist:

38 FILE_NAME=FILE NAME.strip()

31 user_input=input("\nWould you like to process\n' + FILE_NAME + "\n\n(Y/N}"})

32 if(user_input == "N" or user_input == "n"):

33 print( 'skipping...")

34 continue

35 else:

36 file = hSpy.File(FILE_NAME, 'r')

37

38 if "NOZ' in FILE_NAME:

39 print{'This is an OMI N02 file. Here is some information: '}

48

41 dataFields=file[ "HDFEQS' ][ 'SWATHS' ][ 'ColumnAmountNO2' ][ 'Data Fields']

42 geolocation=Fi "HDEEQS " 1L SWATHS ' ] [ "ColumnAmountNO2 ' ][ 'Geolocation Fields']
43 SDS_NAME='ColumnAmountio2’

Lo data=dataFields[SD5_NAME]

45 map_label=data.attrs[ 'Units’'].decode()

45 elif 'S02" in FILE_MAME:

47 print{'This is an OMI 502 file. Here is some information: ')

43 dataFields=file[ "HDFEQS" ][ 'SWATHS ][ "OMI Tetal Column Amcunt 502" ][ 'Data Fields']
49 geolocation=T] "HDFEQS ' [ "SWATHS ' ][ "OMI Total Column Amount 502']['|Geolocation Fields']
58 SDS_NAME='ColumnAmountS02_PBL'

51 data=dataFields[SD5_NAME

52 valid min=data.attrs['ValidRange'][@]

53 valid_max=data.attrs[ 'ValidRange'][1]

54 map_label=data.attrs[ 'Units'].decode()

55 print('Valid Range is: ',valid_min,valid_max}

56 else:

57 print('The file named :',FILE_NAME, ' is not a walid oMI file. \n')

58

59 continue

//Imatplotlib.org/examples/color/colormaps reference.html

NASA's Applied Remote Sensing Training Program
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T

Applications B

* This is a sample code to read and map the OMI Level 2 NO, and SO, data
« The code can be modified to address various mapping needs

« User can create daily maps of frace gas columns over certain regions and start
analyzing changes over time

« These maps can also help identify regions of high pollution

!.- . NASA'’s Applied Remote Sensing Training Program 43 TR
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Extract NO,/SO,



Exiract AOD Values from MODIS Aerosol Level 2 Data

read_mod_aerosol_and_list_sds.py

* Purpose: read an OMI oo . - |
. File Edit Search Source Run Debug Consoles Projects Tools View Help

DEe pIBEDE NME=EEnr B ® S, ™ € D cisersinfeookiDocuments|ARSET\Trainings - Currentipdvanced Tools Webinar Python codes -
Editor -C:\. ET\Trainings -Ci Tools Python codesead_omi_no2 s02_at_a_location.py & X | File explorer B x
2 2 | read_omi_no2_s02_at_a_location.py (B I 1] -3
| 1 2| Name = Size Type Date Modified -
L3 L3 ‘. 1KB 120/ :
2 Module: read omi_no2_so2_at_a_location.py [2 OMNO2_5DS_newitxt bt File 12/20/2017 1030 AM
I I n rm n B it B OMs02_5DS_new.txt 1KB b File 12/21/2017 411 PM
5Disclaimer: The code is for demonstration purposes only. Users are responsible to check for accuracy and revise to [} read_and_map_omi_no2_so2 py 4 KB py File 9/9/201512:10 PM
5 [2) read_omi_no2_so2_and_dump_ascii.py SKB py File 12/22/201710:57 AM
7 Author: Justin Reberts-Pierel, 2015 [2 read_omi_no2_s62_and_list_sds_geo.py 2KB py File 1/2/2018 3:56 PM il
8 Organization: NASA ARSET =
eX'I'rO C‘I‘ VO | l ' eS O‘I‘ O E : To view info about a variety of SDS from an OMI heS file both generally and at a specific lat/lon IPython console
I 11 See the README associated with this module for more information =| 3| console 54 B

= Python 3.6.2 |Anaconda custom (64-bit)| (default, Sep 19 2617, 88:03:39) [MSC v.1900 64 bit (AMDS4)] <
1 n n M 1 Type "copyright”, “credits” or "license” for more information.
g IV e g ro U O C O I O I l import hspy IPython 6.1.8 -- An enhanced Interactive Python.
import numpy as np In [1]: runfile('C:/Users/mfcook/Documents/ARSET/Trainings - Current/Advanced Tools Webinar/Pythen codes/

import sys
from numpy import unravel index

read_omi_no2_so2_at_a_location.py’, wdir="C:/Users/mfcook/Documen /Trainings - Current/Advanced Tools Webinar/Python

L codes')

2 try: :

iex::;tl‘en“:u“"(Ihlg'bt'ht ) :;:;{:uf:i13;:»1;;75;;;;;;29:2915—n213577v993—mlsmaamtmzzsz hes

5 print('Did not find s text file contsining file names (perhaps name does not mstch)') (e

o et This is an OMI N2 file. Here is some information:

o The range of latitude in this file is: -75.8861 to 89.8693 degrees
o for FILe NAME in Filelist: The range of longitude in this file is: -179.99 to 179.975 degrees

FILE_NAME=FILE_NAME.strip()

user_input=input("\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)') Please enter the latitude you would like to analyze (Deg. M): 30

2 if(user_input == "N’ or user_input == 'n'):
| Eiiiﬁui“wg D Please enter the longitude you would like to analyze (Deg. E): -10
else: 855 59 B
iﬁfléuizhsgzl;ﬁ;(:i-:ETNME' ) The nearest pixel to your entered location is at:
& print('This is an OMI N02 file. Here is some information: ') Latitude: 29.8233 Longitude: -181.774
9 The value of ColumnAmountNO2 at this pixel is 3.92950208633e+15

3

There are 9 valid pixels in @ 3x3 grid centered at your entered location.
The average value in this grid is: 4.15249517773e+15

dataFields=file[ "HDFEOS" ][ "SWATHS" ][ 'ColumnAmounth02' ][ 'Data Fields'

o iler- Tt swaTRS [ AmountNo2" 1[" e c (An this grad
41 5321:;::0(:2::{“:En*rlf‘z]‘[ SWATHS " ][ " ColumnAmounthO2" ][ *Geolocation The median value in this grid is: 4.01638659661e+15
b= data-daterields[SDS NAME The standard deviation in this grid is: 2.77808737236e+14
4 - s["Units'].
map_label=data.attrs['Units'].decede() There are 25 valid pixels in a 5x5 grid centered at your entered location.

elif 'S02' in FILE_NAME:
print('This is an OMI 502 il

Here is some infermation: ') o rie i ies
dataField THS"]['OMI Total Column Amount S02']['Dats Fields’ ]]::e e "il“e‘”‘tg"”s gT:d‘l?' S e
geolocatiol S ][ "SWATHS' J["OMI Total Column Amount 502" ][ Geolocation Fields'] e mealan value in this gric is: 3. e
et S The standard deviation in this grid is: 4.46095029635e+14
dsta=datarields[SDS_NAVE]
valid_min-dsta.attrs[ validrangs'][e] .
valid_max=data.attrs['validRange'1[1] would you like to process
vap, Tobelodata aetral Unite:] decode() OMI-Aura_L2-0MNO2_2615mB615£2616-053665_vio3-2016ma521£121351. heS
rint('valid Range is: °,valid_min,valid max
aasf ™ : - i v
print('The file named :',FILE_MAME, ' is not a valid OMI file. \n")

« il ’ IPython console | History log

Permissions: RW End-of-lines: CRLF Encoding: ASCIT Line: 1 Column: 1 Memory: 52 %
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Running and Output

Type “Y” to process file, —
“N” to skip

Lat & Lon of station

Outputs

X X X X X X X <

x IX X X X x| x

x Ix Ix x x| xI x

xIx Ix ® x| x| x

x Ix I x x x| xI x

x Ix x x x x| x

X X X X X X X -

NASA's Applied Remote Sensing Training Program

Would you like to process
OMI-Aura_L2-0MNO2_2885me728t2016-021357_vea3-2016ma320t1e2252.hes

(Y/NYY

This is an OMI MO2 file. Here is some information:
The range of latitude in this file is: -75.8861 to
The range of longitude in this file is: -179.99 +to

89.8693 degrees
179.975 degrees

Please enter the latitude you would like to analyze (Deg. N): 3@

Please enter the longitude you would like to analyze (Deg. E): -18@
835 59

The nearest pixel to your entered location is at:

Latitude: 29.8233 Longitude: -181.774

The value of ColumnAmountM02 at this pixel is 3.92958288633e+15

There are 9 walid pixels in a 3x3 grid centered at your entered locaticon.
The average wvalue in this grid is: 4.15249517773e+15

The median wvalue in this grid is: 4.81638659661le+15

The standard deviation in this grid is: 2.77888737236e+l4

There are 25 walid pixels in a 5x5 grid centered at your entered locaticn.
The awverage wvalue in this grid is: 4.85478825884e+15

The median wvalue in this grid is: 3.96426125666e+15

The standard deviation in this grid is: 4.48895829635e+14

Would you like to process
OMI-Aura_ L2-0MNO2_20815mB615t2810-058869 vae3-20816me821t121351. hes

(Y/N)
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Editing the Code - Change the SDS

)

28

for FILE MAME in filelist:
FILE_NAME=FILE NAME.strip()
user_input=input("\nkculd you like to processhn’ + FILE MNAME + "‘nin(¥/N)")

if(user_input == "N’ or user_input == 'n"):
print('Skipping...")
continue

else:

file = hSpy.File(FILE_NAME, 'r')
if "NO2' in FILE NAME:
print{'This is an OMI M0O2 file. Here is some information: ')

dataFields=file[ "HDFEOQS" ][ 'SWATHS' ][ 'ColumnAmountNO2" ][ 'Data Fields']
i il L EE 0 Ll SWATHS " ][ " ColumndmountN02 " ][ "Geoclocation Fields']
5DS_MAME="Columnémounti02’

map label=data.attrs[ 'Units'].decode()
elif "502' in FILE_NAME:
print{'This is an OMI 502 file. Here is some information: ')
dataFields=file[ "HDFEOQS"' ][ 'SWATHS' ][ "OMI Total Column Amount S02'][ 'Data Fields']
= = =Y ER e § - THS' ][ "OMI Total Column Amount S02'][ |Geclocation Fields']

5D5_NAME='Columndmounts02_PBL'

L] o d=id 1 = L] B EIrsY

valid min=data.attrs['ValidRange'][@]
valid_max=data.attrs[ 'ValidRange'][1]
map label=data.attrs[ 'Units'].decode()
print('Valid Range is: ',valid min,valid max)
else:
print('The file named :',FILE NAME, ' is not a wvalid OMI file. ‘n'}

continue

NASA's Applied Remote Sensing Training Program PG
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Applications

SO VA O Relttiiotastiim

Time Series Analysis
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Applications

Satellite Validation

12
l OMI V2
1 ‘ OMI V3

} Observations

V,,,, [10' molec. cm™?]
o
—

A
'lf'?ﬂiﬁ;;;;;;:l:: i
.oy '%I!‘Ei?} s, AB Ry,

gt A

ATt B

g Ll
K
P IR ¢

il

LT -
2 LAl Sy,
Sl I, 1ol o™
fl

.
||- i f . :
W

e
o
& p

o II| I‘"\! i g I '|'
%Y w2 1 1
o . 1‘0‘& o 10'\- ) 1‘0‘\- R 1'0‘\- o
(o o 0° <@ pe W P

o

N
e® >
<

> >
o ® o ™
P )

Source: Krotkov et al. (2017)
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Column vs. Surface
Relationship and Trends
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OMI (Satellite) .
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AQS surface NO2 [ppb]
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Source: Lamsal, L.N. et al. (2016)

49 N\



https://arset.gsfc.nasa.gov/

i AP LA
p é Credit: TROPOMI, ESA, Copernicus, KNMI "

Output HDF variables to CSV



Output OMI NO,/SO, HDF variables to a CSV file

read_omi_no2_so2 and_dump_ascii.py

° P U r o s e . re O d O n O M | File EditSearch™ Saurge=Run™ DebugCgriplesProjecte=TaokYisw™Help
. IO LiEQ@ pOBDPE MEE=E=E=E=n B ¥, ® € I clsesimiookiDoaments\ARSET Trainings - Current)Advanced Tools Webinar Python codes -
Editor - C:\Jsers\mfcosk\DocLments \ARSET Trainings - Current|Advanced Todls Webinar|Python codes\read_omi_no2_se2_snd_dump_ssci.py B X Python console 8 x
| ev el 2 N O Or S O 15| read_omi_no2_so2_and_cump_asciipy B | % [ consolesi B L3
2 2 1 * Python 3.6.2 |Ana(unda custom (Eifhjt)‘ (default, Sep 19 2817, 88:03:39) [MSC v.1988 64 bit (AMD64)] |~
2 import hSpy Type "copyright”, "credits” or "license” for more information.
. . ' 3 impert numpy as np
4 import sys IPython 6.1.@ -- An enhanced Interactive Python.
5 import time
5 import calendar Tn [1]: runfile("C:/Users/mFcook/Documents/ARSET /Trainings - Current/Advanced Tools Webinar/Python codes/
7 read_omi_no2_so2_and_dump_sscii.py’, wdir-’C:/Users/mfcock/Documents/ARSET/Trainings - Current/Advanced Tocls
8 Webinar/Pythan codes’)
o hd 9 try:
16 filelist-open( filelist.txt’,"r')
| [ — Would you like to process
12 print(‘Did not find a text file containing File names (perhaps name doss not match)') | OMI-Aura_L2-0MNO2_2088mB720t2016-021357 V@03 -2016mB820£102252. heS
13 sys.exit() '

14 (v/myy

. .
15 This is an OMI NO2 file. Saving...
16 for FILE_NAME in filelist:
17 FILE NAME=FILE NAME.strip() ALl files have been saved successfully.
18 user_input=input('\niiould you like to process\n' + FILE_NAME + "\n\n(Y/!
e

T

19 if(user_input == 'N’ or user_input == '
20 print( skipping...") uould you like to process
2 continue OMI-Aura_L2-0MNO2_2015mB61512010-058069_v@@3-2016ma821t121351 . he5
22 else:
23 file = hSpy.File(FILE_NAME, 'r') /)y
24 This is an OMI NO2 file. Saving...
25 if 'NO2' in FILE_NAME:
26 print(’'This iz an OMI NO2 file. Saving... ') All files have been saved successfully.
27
28 SDS=dict([(1, 'ColumnAmountNO2'), (2, " ColumnAmountNo25td "), (3, 'VedQualityFlags')1)
29 uould you like to process

| = dataFields=File[ "HDFEOS' ][ SWATHS' ][’ ColumnAmountNO2' ][ 'Data Fields'] OMI-Aura_L2-0MS502_2015m@61610921-058077_v@@3-2016ma621t111522. heS
31

| " v/
33 geolocation=File[ "HDFEQS' ][ SWATHS' ][’ ColumnAmountNO2' ][ Geolocation Fields'] This is an OMI SO2 file. Saving...
34 elif 's02° in FILE_NAM L4
35 print('This is an OMI 502 file. Saving... ') All files have been saved successfully.
36 SDs=dict([ (1, Columnamounts02 PBL'), (2, ColumnAmount03’), (3, 'Qualityrlags PBL')])
37 dataFields=File[ "HDFEOS' ][ "SWATHS' ][ 'OMI Total Column Amount S02']['Data Fields'] In [2]: |
38 geolocation=Ffile[ "HDFEQS’ ][ "SWATHS' ][ 'OMI Total Column Amount S02']['Geclocation Fields']
39 else:
49 print('The file named :',FILE NAME, ' is not a valid OMI file. \n')
a1
a2 continue
a3
aa
as lat-geclocation[ 'Latitude’][:].ravel()
a6 lon=geolocation[ 'Longitude' J[:].ravel()
a7
43
49 scan_time=geolocation[ ' Time'][:].ravel()
56
51
52 year=np.zeros(scan_time.shape[0])
53 month=np.zeros(scan_time.shape[2])
54 day=np.zeros(scan_time.shape[@])
55 hour=np.zeras(scan_time.shape[a])
56 min=np.zeros(scan_time.shape[8])
57 sec=np.zeros(scan_time. shape[8]) - 2

< m ' TPythen console tory log
Permissions: RW  End-of-lines: CRLF  Encoding: ASCIT Ling 1 Column: 21 Memory: 49 %
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utput

N
/] OMI-Aura L2-OMNG2 2008m07202016-021357 v003-2016m0820t102252 - Natepad IR i — . o [ B [
File Edit Format View Help
Year ,Month,Day,Hour ,Minute,Second,Latitude,Longitude,ColumnAmountNo2 , ColumnAmountNo25td, vedqualityFlags -
2008.0,7.0,20.0,20.0,38.0,37.0,-74. 78585052490234 ,-121.10774993896484 , -1. 2676506002282294e+30, -1. 2676506002262294e+30,3.0 E
2008.0,7.0,20.0,20.0,38.0,37.0,-74.95536041259766, -116. 02945709228516 , 1. 26765060022822946+30, -1. 2676506002262294e+30, 3.0 g
2008.0,7.0,20.0,20.0,38.0,37.0,-75. 00605010086328 , -111. 8778076171875, -1. 2676506002282294e+30, -1. 2676506002282294&+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-74. 989097 59521484 , -108. 3992156824219, -1. 26765060022822946+30, - 1. 26755060022822946+30, 3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-74. 93197631835938, -105. 4204204711914, -1. 2676506002282204 2+ 30, ~1. 2676506002282204+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-74. 5054779052734, -102. 85506439208984 , -1, 26765060022822942+30, 1. 2676506002282294e+30, 3.0
2008.0,7.0.20.0,20.0,38.0,37.0,-74.75444030761719, -100. 50456634 521484 , 1. 2676506002282294e+30 1. 2676506002 2822942430, 3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-74. 649658203125, -08. 58740234375, -1. 2676506002282294e+30,-1. 2676506002282294e+30, 3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-74. 54005432128906, -96. 787 50002685547 , 1. 267 6506002252294+ 30, -1. 267 6506002262294 &+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-74.42811584472656,-05,15950775146484 , -1, 2676506002282294e+30, -1, 2676506002282294e+30,3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-74. 3154525756836, -93. 67511749267 578 ,~1. 2676506002 282294 e+30,-1. 2676506002282294+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-74. 20308685302734 ,-92, 31201171875, -1. 26765060022822094+30,-1. 2676506002282294e+30, 3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-74. 09165954589844 , -1, 05208587646484 , 1. 2676506002282294e+30, -1. 2676506002282294e+30,3.0
2008.0,7.0.20.0,20.0,38.0,37.0,-73. 98152023583984 , -89, 88053131103516, 1. 2676506002282294e+30, -1. 2676506002262294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-73. 87289428710938, -88, 78511810302734, -1. 2676506002282294e+30, -1. 2676506002282294e+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-73. 76580810546875, -87. 75564575195312, -1. 2676506002282294e+30, -1. 2676506002282294e+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-73. 66024017333984 , -86, 78353118896484, -1, 2676506002282294e+30, -1. 2676506002282294e+30, 3.0 H
2008.0,7.0,20.0,20.0,38.0,37.0,-73. 5561141967 7734 ,-B5. 86150360107422 ,-1. 2676506002282294e+30, -1. 2676506002282294e+30, 3.0 I IS CO e Saves a CSV
2008.0,7.0,20.0,20.0,38.0,37.0,-73.45328521728516, -84, 98333740234375, -1, 2676506002282294e+30, -1. 2676506002282294e+30, 3.0 .
/|2008.0,7.0,20.0,20.0,38.0,37.0,-73. 35160827636719, -84.14 366912841797 , 1. 26765060022822946+30,-1. 2676506002282294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-73. 25088500076562 , -83, 33782958984375, -1, 2676506002282294e+30, -1. 2676506002282294e+30, 3.0 . .
2008.0,7.0,20.0,20.0,38.0,37.0,-73.15093994140625, -82. 56175994873047 , —1. 26765060022822946+30, -1. 2676506002262294€+30, 3.0
1|2008.0.7.0.20.0,20.0,38.0,37.0,-73.05155944824219, -81, 8118515014 6484 , -1, 2676506002282294e+30, -1, 26765060022682294€+30, 3.0 I e W IC Can e O ene
2008.0,7.0,20.0,20.0,38,0,37.0,-72. 9525375366211, -81. 08490753173828, -1, 2676506002282294e+30,-1. 2676506002282294e+30,3.0 y
2008.0,7.0,20.0,20.0,38.0,37.0,-72. 8536605834961 , -80. 3780517578125, ~1. 2676506002282294e+30,-1. 2676506002282294e+30, 3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-72.75472259521484, -79, 6886978149414 , -1, 2676506002282294e+30,-1. 2676506002282294e+30,3.0 .
2008.0,7.0,20.0,20.0,38.0,37.0,-72. 65550231933594, -79, 01445770263672,-1. 2676506002282294e+30,-1. 2676506002282294e+30, 3. 0
/|2008.0,7.0,20.0,20.0,38.0,37.0,-72. 5557861328125, -78. 35314178466797 1. 2676506002282294e+30,-1. 2676506002282294e+30, 3.0 exce a eX e I Or Or
2008.0,7.0,20.0,20.0,38.0,37.0,-72.45532989501953,-77. 70271301269531, -1. 267 6506002282294 6+30,-1. 2676506002282294e+30, 3.0 y y
2008.0,7.0,20.0,20.0,38.0,37.0,-72. 35302761230469, -77, 06124877929688, -1, 2676506002282294e+30, -1. 2676506002282294e+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-72.25133514404297 , -76. 42691 802978516, —1. 2676506002282294e+30,-1. 2676506002282294e+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-72.14730072021484, -75, 79795837402344 , -1, 2676506002282294e+30, -1. 2676506002262294e+30, 3.0
/|2008.0,7.0,20.0,20.0,38.0,37.0,-72. 04157257080078 , -75. 17264556884766, 1. 26765060022822946+30, 1. 2676506002282294e+30,3.0 0 er CO eS Or SO Ware
1|2008.0.7.0.20.0,20.0,38.0,37.0,-71. 93387603759766,-74. 549301147460094 , -1. 2676506002282294e+30, -1. 2676506002282294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-71. 82392883300781, 73, 92621612548828, -1, 2676506002282294e+30, -1, 2676506002282294e+30, 3. 0
/|2008.0,7.0,20.0,20.0,38.0,37.0,-71. 7114028930664 ,-73. 30171203613281 ,-1. 2676506002282294e+30,-1. 2676506002282294e+30,3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-71. 59595480501953, -72. 6740493774414 , -1, 2676506002282294e+30, -1, 2676506002282294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-71.47721099853516,-72.04144287109375, 1. 2676506002282294e+30,-1. 2676506002282294e+30, 3.0
i|2008.0,7.0,20.0,20.0,38.0,37.0,-71. 354736328125, -71. 40204620361328,, -1. 2676506002282294e+30, -1. 2676506002282294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-71. 2280654907 2266, -70. 75390625, -1. 26765060022822948+30, 1. 2676506002282294e+30, 3, 0
/|2008.0,7.0,20.0,20.0,38.0,37.0,-71. 096641 54052734, -70. 094970703125, -1. 267 6506002282294 e+30, -1. 26765060022822946+30,3.0
1|2008.0,7.0,20.0,20.0,38.0,37.0,-70. 95985412597656, -69. 42302703857422, 1. 267 6506002282294 6+30, ~1. 2676506002262294e+30,3.0
2008.0,7.0.20.0,20.0,38.0,37.0,-70. 1696310580078, -68. 73568725585938, -1, 2676506002282294e+30, -1, 2676506002262294e+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-70. 66714477 539062 , -68, 0303726196289, 1, 2676506002282294e+30,-1. 2676506002282294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-70. 50940704345703 , -67. 30422073632812, -1. 2676506002282294e+30,-1. 2676506002282294e+30,3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-70. 34258270263672, -66, 55410766601 562, -1, 2676506002282294e+30, -1, 2676506002282294e+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-70.16527557 373047, -65. 7764892578125 ,~1. 2676506002 282294 e+30,-1. 2676506002282294e+30,3.0
l|2008.0.7.0,20.0,20.0,38.0,37.0,-69. 97 581481933594, -64. 96739950716707, -1. 2676506002282294 e+ 30, -1. 2676306002282294 430, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-69. 77216339111328,-64.12232208251953, —1. 2676506002282294e+30,-1. 2676506002282294e+30, 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-69. 55181 884765625 , ~63. 23603820800761 , 1. 2676506002262294+ 30 1. 2676506002282294e+30. 3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-69. 31168365478516,-62. 30249786376953 , —1. 26765060022822946+30,-1. 2676506002262294€+30, 3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-69. 04785010189453, -61, 314537048339844 , -1, 2676506002282294e+30,-1. 2676506002282294e+30,3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-68.75537109375, -60. 263591 76635742, -1. 2676506002282294e+30,-1. 2676506002282294e+30,3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-68.4277572631836,-59.13920211791992 ,-1. 2676506002282294e+30,-1. 2676506002282294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-68. 05646514892578,-57. 928348541259766, 1. 2676506002282294e+30, -1, 2676506002282294e+30,3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-67.62984466552734 , -56. 61440658569336, ~1. 2676506002282294e+30,~1. 2676506002282294e+30, 3. 0
2008.0,7.0,20.0,20.0,38.0,37.0,-67.13152313232422,-55,17 5418853759766, -1, 2676506002282294e+30, -1, 2676506002282294e+30,3., 0
2008.0,7.0,20.0,20.0,38.0,37.0,-66. 53754425048828 , -53, 5811882019043 ,-1. 2676506002282294e+30,-1. 2676506002282294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-65. 108130038086, ~51. 78777313232422,-1. 2676506002282294e+30,-1. 2676506002282294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,37.0,-64. B8919830322266,-49, 7259521484375, -1. 2676506002 282294e+30,-1. 2676506002282294e+30,3.0
2008.0,7.0,20.0,20.0,38.0,39.0,-74. 7247000277344, -120, 99896240234375, -1, 2676506002282294 e+ 30, ~1. 2676506002282294e+30, 3. 0
2008.0,7.0,20.0,20.0,38.0,39.0,-74. 83917236328125,-115. 95703887939453, 1. 26765060022822946+30, 1. 26755060022822942+30,3. 0
2008.0,7.0.20.0,20.0,38.0,39.0,-74. B8825225830078, -111. 83670806884766, 1. 2676506002282294e+30,-1. 2676506002282294e+30, 3.0
2008.0,7.0,20.0,20.0,38.0,39.0,-74. 87043762207031, -108. 38494873046875, -1, 2676506002282294e+30, 1. 26756506002282294e+30, 3.0
2008.0,7.0,20.0,20.0,38.0,39.0,-74. 81291 961669922, -105. 43817138671875, 1. 2676506002282204e+30, -1. 2676506002282294e+30, 3.0
2008.0,7.0,20.0,20.0,38,0,39.0,-74.73140716552734, -102. 88363647460938, -1, 2676506002282294e+30, 1. 2676506002282294e+30,3. 0 il
< L
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Editing the Code

Change the SDS
SDS to be written
as output

NOTE: This code
will only work when
all the variables
listed are the same
dimension. Use
the “list SDS” code
to view the variable
dimensions

15

16 for FILE_NAME in filelist:

17 FILE NAME=FILE NAME.strip()

18 user_input=input("‘\nkould you like to processin® + FILE_MAME + "‘n\n(Y¥/N)")

19 if(user_input == 'N' or user_input == 'n'):
a print{ 'Skipping...")

1 continue

2 else:

3 file = h5py.File(FILE_NAME, 'r')

4

if "MO2' in FILE_MAME:
print({'This is an OMI NO2 file. Saving... ')

[ I L S Ry SO S S S R )
) 0T

SDS=dict([ (1, "ColumnAmountiN02'}, (2, "ColumnAmountNO25td '), (3, "VedQualityFlags')])

dataFields=file[ "HDFEOS" ][ "SWATHS'][ 'ColumnAmountN0O2' ][ 'Data Fields']

geolocation=file[ "HDFEQS ' ][ 'SWATHS " ][ 'ColumnAmounth02' ][ "Geclocation |Fields')
elif '502' in FILE_NAME:
print{'This is an OMI 502 file. Saving... ')
SDS=dict([ (1, "ColumnAmounts02_PBL'}Y, (2, 'ColumnAmount03'), (3, 'QualityRlags_PBL')}])
dataFields=file[ "HDFEOS'" ][ "SWATHS' ][ 'OMI Total Column Amount 502']['Data Fields']
geolocation=file[ "HOFEDS' ][ "SWATHS']["OMI Total Column Amount S02']['Geclocation Fields']
else:

print({'The file named :',FILE_NAME, ' is not a wvalid OMI file. “\n")

[~ TV B Y N I, Q=S WY I S
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continue
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o
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Applications

» This is a sample code to read and extract OMI Level 2 NO, and SO, data
* The code can be modified to extract varying SDSs into a single .csv file

« The code be easily modified to extract data over a certain region

« The output file can be opened in excel, or any other data analysis tool

h NASA's Applied Remote Sensing Training Program
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