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Read, Map, and Extract MODIS Aerosol Data Using
Python Scripts
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Satellite Remote Sensing of Dust, Fires, Smoke, and Air Quality, July 10-12, 2018




IS

remen

2

O
)

v

C

O
i
T

>
o
O

-

O

@

——

2

Q
-

O
O




Computer Requirements

Install Python 2.7 using Anhaconda

Anaconda 5.01 For macOS Installer

Install all required python packages
— Package List (right)

Python 3.6 version’ Python 2.7 version’

Test Python and package installations
using the following Python test code

— lest pvihon.pyv « Python package list:

« Download MODIS Data and Python — pyhdf — matplotlib
Codes Using the fO”OWiﬂg link — numpy — linearSegmented
— ARSET [INK ZIP FIIE — sys Colormap

 For more detail on the code, visit: — mpl_toolkits. - hdpy
hitps://arset . asfc.ngsa.gov/airagyalitv/p basemap — time

SCripfs: = seis - — calendar
s -om|
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https://arset.gsfc.nasa.gov/sites/default/files/airquality/webinars/18-hires/py_test_code.zip
https://arset.gsfc.nasa.gov/sites/default/files/airquality/webinars/18-hires/week2_code_data.zip
https://arset.gsfc.nasa.gov/airquality/python-scripts-aerosol-data-sets-merra-modis-and-omi

Python Test

. @ python File fdt Sewch Source fun Debug Comscles Projects Toshs View Helo D O R ) woxmBd WedlSSPM Gupts O I
(<) (6] Spyder (Pyhen 2.7)
* Open fhe spyder edifor  pa: moffBncsnceanm B 45 « o e =

o0 » Coner o0 reor torwom

inside Anhaconda o Bl Bl comsan —

PYIhen 2.7.13 [Anatonds 4.4.0 (w86 _84)) (fefoull, Dec 20 2914, 23:05:08)
Type “CopyrigM™, “Credits”™ of “Licease™ Tor more Lafermailon,

PY ' . . IPYIN $,3.8 = A0 edanced InTeractive Python,
y ° y J ¢ ' ‘ Y ¢ L L At ' » IMPODUCLLN 00 Overview oF IPINOATS Teatures,
- Mvickref «» Quick referesce

"L el > IS 0w NelD Systen,
Wit » PRTALLS A0t oD eCTt, WSt 0D et far entra detalls

« Make sure the directory v R

Ssers/oawtal/python/snacondsy LID/aytaend. T/site-gackages /M L tealkite/Dasmmap/ _init__.9y
M1k Matplatlibbeprecationsarning: T™e 1shold fuaction was deprecated In versien 2.0,
o)

b»oax.i 1
h O S -I-h e P -I-h O n < O d e Sere/ o9 Wpython/ssaconca) Lib/gythend. . T/site-gackages/mp | _toalkite/Davemap/ __init .3y
from pyte! inport 50 Mi2: Matplatiibleprecatiomsarning: ases.bold is deprecated,

mpart sumpy as np S0 the AP Changes document (Nttpc//aatplotiis. org/epl/agl_changes.hial)

. from spl_tocolkits.Basenep lsport Basessp, o for more detalls.
O n d H D F I|e ) mpart setplotlis.gyplot e pit ax.hold(s)
impart s

21 impart ey
mpart tise

MYDOS L2 A201T249 2105 006 2017250160533

moar mage Optxcal Depth Land And Ocean

« Open the ipython .
console in the spyder L 1 S 20y 1 ‘

Latitede = Latl:]

S _Late 1 ltude an )

 Run the code using the vt e DF file . %

o Lonslongltude . manl) \
SOS g ¢ . AW Di'w LUS'W oW LYW 10w

green arrow on the top Eiae:

Attridutesmads. attribetenl)
scale_factorvattridetes| f ]

argessdn.pgetrangel)

« Output should be an e output
iImage as shown

valld deterdata. raveil)
valid datenix Tor = i» velld dats 1Y xeemin_rasge)

valid datesix for x in valid date 1Y wesmax_rasge) Rl Python corscle  Fle esplorer  Help  Variable esplorer
N S T 1 - e
Perrsascns AW Ind-of drex. CR Lrcoding: ASON Ure: 21 Colme 8 Nemory. 72 %
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Understanding a MODIS File Name

Level 2, 10 km, Aerosol Product

Product Name:
» Terra: MODO4

. AQua: MYDO4 T'ie
\MOD04L2.A2001079.0255.(Xé. .hdf
Date: f Collection
 Year
 Julian Day

HDFLook, Panoply, IDL, Python, Fortran, MatLab, and more can be used to read the data

NASA's Applied Remote Sensing Training Program 6 ‘



Understanding a MODIS File Name

Level 2, 3 km, Aerosol Product

Product Name:
» Terra: MODO4

. AQua: MYDO4 T'ie
\MODO43K.A2001079.0255.26. .hdf
Date: f Collection
 Year
 Julian Day

HDFLook, Panoply, IDL, Python, Fortran, MatLab, and more can be used to read the data

NASA's Applied Remote Sensing Training Program 7 ‘



MODIS Aerosol Parameters (SDS)

 Opftical_Depth_Land_and_Ocean
— Retrieved using Dark Target Algorithm
— Only high quality data
 Overland QA =3
« Overocean QA =1,2,3
— 10 km and 3km

« Dark_Target_Deep_Blue_Optical_Depth_550_Combined
— Deep Blue & Dark Target Algorithm Merged Product
— 10 km only

« Quality_Assurance_Land
— Quality flag associated with DD product

NASA's Applied Remote Sensing Training Program




Quality Assurance is Exiremely Important

QA indicates confidence in the quality of the retfrieval

Quality_Assurance_Ocean Quality_Assurance_Land

« Scaleis0-3 « Scaleis0-3

« Recommended Ocean QA above 1, « Recommended Land QA of 3
2,3 . Factors:

* Facftors: — number of pixels
— number of pixels — error fitting
— error fitting — surface reflectance

— how close to glint

NASA's Applied Remote Sensing Training Program
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Anaconda & the Spyder Editor

@  Anaconda Navigator Flle  Melp D e A< QD voxBik WedN:04AM Gupta Q i=

LN
{D ANACONDA NAVIGATOR

N ome
Applications on oot v Chanels Refress
@ crvconmens -
o o o
s—
8 rojects (beta) Jupyter Py
o
notedook quoonsole ghev2
s
5408 X » 8984
WD Dastd, NCHaciive COMDUDng Aoteboot  PyQr Tt TN Supparts inkae Noures, proger SCentie PYINon Development MULOTRTGON GID VLR R ITON M2
“ m roaTect. LOR 058 run hemuntsedade PUiine eSting with wyntan Sighightng [ oviSorrment. Powerfil Python 1O with [l Laphore relatora™ips withis and among
00cs while descrbing the Cats analyss. Graonaal ciltipn, and more VN0 eSUNG. Nt ATvVE DeRt NG, related Gacasecs
GEDUEONg I POOIPeCLON fealu el
o e
DOt e aes g
Coveope Mog
orangel rstudio
feeddek 24 T
Comporent Daed Cata mwning Mmamewart A set of AURPANd 2004 Cesgred 0 Nl
~

yOu Be More produtive with AL ndudes R

Dt viiauianton and dats saiya foy
0430704 3 rotedooky

' . -] NOVICE 800 Dt MORacive workfiows

ANa 0nda Navgator
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Spyder View

DO AT OBl WdNOSAM Gpta Q =

@ python Fle Edit Seach Sowce Run Debug Comscles Projects Tools View  Melp
one Soyse Pyen 27
oo ot -1 -

Blo wsesssy IS e v @ ot Bea

Suthor: gupts
com Mare you Can get help of any object By pressng Cmd+l in froet of =
ocNer or ™ [Soor o ™w Conwie

L L R R

D AT A%0 De oWt RIOMATC MY MTer ANDag 3 W parerthess
DERT 3D A olpect You Can Activate this Sehavior in Preferences >

s

rw =2 Spyder” Read our uioral

Ve et e F e exsicrer it e
- Ppec iovem

code area

Pythen 2.7.10 [Aceconds 4.4.0 (B8 840 (Sefseit, Dec 20 2014, 2):05:0)
Tyse “Copyright™, “credits™ o “Licesse™ for sere information.

ythan 3.0.0 — A erhanced Intersctive Pythas.

4 > INtroouction and swerview of IPython's features,
uichre! <= Quich reference.

iy “» Pyther s owm Melp yntem.

Wject? o> Detalls Mewt “eRject’, wae “elject?? for estra detalls.

=

ipython area
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Current Directory View & File List

gs614-guptaml:CA_TRN guptas$ vi fileList.txt

« Create a list of HDF files ‘fileList.txt’ gs614-guptaml:CA_TRN guptas ls
MYD@4_3K.A2017232.2200.006.2017233154505.png
: 3K.A2017232.2200.006.2017233154505.
* The dlrec’rory should have 12.A2017232.1520. .2017233154749.;:;
- All fhe python codes R
.A2017249.1925.006.2017250160408. txt
— All ’rhe HDF dCITCI files . .1930.006.2017250160703. hdf

.2105.006.2017250160535. hdf

— A list of HDF files named as ‘fileList.txt’  [fieist.o

read_and_map_mod_aerosol.py
read_aod_and_calculate_pm25.py
read_mod_aerosol_and_dump_ascii.py

read_mod_aerosol_and_list_sds.py

read_mod_aerosol_at_a_location.py

readme

gs6l4-guptaml:CA_TRN guptas 1s =, hdf
MYDO4_L2.A2017249,.1925.006.2017250160408. hdf
MYDO4_L2.A2017249.1930.006.2017250160703. hdf
MYDO4_L2.A2017249.2105.006.2017250160535. hdf
gs614-guptaml:CA_TRN guptas 1s =.hdf >filelList.txt
gs614-guptaml:CA_TRN guptas$ more fileList.txt
MYDO4_L2.A2017249.1925.006.2017250160408. hdf
MYDO4_L2.A2017249.1930.006.2017250160703. hdf
MYDO4_L2.A2017249.2105.006.2017250160535. hdf
gs614-guptaml:CA_TRN guptas §

NASA's Applied Remote Sensing Training Program
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Print Scientific Data Sets (SDSs)

read_mod_aerosol_and_list_sds.py

G python Fle fdt Search Souce Run Debug Consoles Projects Tools View Melp J A » (o) WX Wed 0O AM Gupta Q IK
d LN Soyder (Pyiton 2.7
* Purpose:read o DBE MO POBCENCEENE BX £ €9 e e 4
MODIS aerosol level 2 &l vmmmmn e - B e

1

data file in HDF format R
and print all the - s o it o ey Gt e

Scientific Data Sets
(SDS)

« The code works for S o s o0 et

£ 0 Conesle UA LY
tor PELE 2 in f8tat Lot Prhen 2.7.10 [Asaconds 4. 4.0 (aB0 841 | (detault, Dec 20 2004, 22105 00)
FILE e DL NN srrial) Type “Copyright™, "credits” or “Licemsa™ for mare Infarset Lo
el _Agute ' |'» o FRLE NANE » )
! e ! ¢ W [#ythan .00 L il Imeractive Mython,
~ ’ atroow M verview im $ Teatures
el » Quich ]
£ NANE heip = Python own Ml o
' /e » Detall bowt "ob) |
ILE e
) In (3]0 renfilel -
TLE s,
el you Like te process
NYORE L2 AJOLT24%, 1925, 006, 201790000408 M1
TS0, SDIFILE _NAME ) s
‘ I A
e
2] ~r.e e
. ae
rmat
Python conscle Matory N 00
Permissons. AW End-of 4nes: CR Encedng ASCH Une: L Cobumac 1 Memery. 73 %
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Running and Output

Soycer (Pythen 2.7)

« Click the green :9&:-.- rBBCENCEEAN B BX £ €3 oo e e

arrow fo run the Sl et st e e e e B O - Do
code e e T (|
« The code will  OrOLastion: WG MOET . ren an sm06 P11 e

process all the files
in the fileList.txt TSt et

one-pby-one o

except: Varabie expiorer File expiorer m Profiee
print(‘9id not 1 e ert me does Mt Mt OO Ppren oo

 Follow the e
M M M £ for FILE WA 1n TileList! Ymyy
instructions in the TR vt
e bty _Anguteinput( v o FILE nae » N ) T™is is & MODIS 10kn fi%e. Mere is & 11t of SO5 4o your Tile:
fluser_input s N’ or yaer_lrgwt =
’ Optical _Depth _Seall _Aversge Gcesn

ipython terminal e I ksl ety e

in FILE naee: Aerosol _Clowd Fractlen Ocesn

(i.e. enter 'Y’ or 13212  Seean. .

Agstron_Esponest 2 Gcesn
prim ' v SIE e,

b N! Wheﬂ ; - an_Ret lectance_Ocean
prompted and e 1 vt

L
4
s
..
"
o

« STD_Reflectance Ocesn
Effective_Radies_Ocean

. Latitude

o Sensor_Azisuth

« Swality Assurance Ocean
Serface Reflectance Lavd
Glint A le
Sensor_Jlenith

Optical _Depth _Seall_Best Ocesn
ot Lomse

wind_Speed Ncep Dcean
« STD_Reflectance _Land
output
.
hit enter)
T v In v ateletonets

SEELRLEEES

pram ' formatiiol, v S Stare Time

i t 25, Enage Sptical _Death_Land A _Dcean
2. Effective _Dptical Depth Aversge Ocean
[ 20, Deed Dlum Soectiral TOA Reflactante L

NASA's Applied Remote Sensing Training Program 16




Editing the Code

s change the name
/ of fileList.txt fo any
aenif st 11t et - nhame you'd like

R N This code has

Cl . y . « FILE naet -

P Tt - | been tested for 3

r-lw:

M.,"”fv’j[, luuw km Cmd ]O |(m
MODIS aerosol

Level 2 data files

pii
print( ' o PILE_NA®E «

s
pri )
NASA's Applied Remote Sensing Training Program 17 ‘



Applications

« MODIS Level 2 aerosol data are provided in HDF files
« Each HDF file contains several geophysical parameters
« Special codes and tools are required to open HDF files

* This code helps users see the name of the available SDSs inside an HDF file for
further analysis

NASA's Applied Remote Sensing Training Program
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Plot and save a map of MODIS AOD

read_and_map_mod_aerosol.py

NASA's Applied Remote Sensin

from pyhd? Ingort SO

AROOTT Pempy 25 ™

from spl_toolhits . Dadenap Laport Basenso
inpart matplotiib.pyplet as plt

mpars sys

tryt
Tilelistocpend ' filel)
ecept

st.tat','r")

PrAML'D48 Mt TAn0 & text Tile contalning

sys.exitl)

for FILE NAME in fileList
FILE_NAMESFELE_NARE  atripl)

Spyder (Pythen 2.7)

D.B'uIO rOBC £ )lcﬁﬂ»l BX /£ €2 torapee
I_OW_M Comse [ Obiect

file sanes (perhaps rame 0088 ML Mateh) ')

wer_lnpeteioput [ “\rwould you Like to precess\n' o FOLENARE + “\n\riY) ')
ATEeser_drput ss N or user_lnput s= '27)y
01 Lrwe
elye:
AP T An FILE_NAME: s
SrANtL TRAS 15 » Jam MODIS file, mere 15 some Inforset Lon )
LT Spt Leal Depth_Land And_ Oceas
eldf "L27 Ae FILE _NARE:
Printl " This Is » 100n MODIS file. Mere 1s some Inforsation )
SOS_NMNEe MDD 558 _Dark_Target Deep Blge Conbines'
elsel
prantl The Tile o' FILE _NAME, 18 Mt & valld MOOLS Tile (O Ly famed Incerrectly v
cont Lage
tryt
AEToS0. SO FILE e )
except:
printl Unable to open Filer \n' « FILENNE ¢ “\n Shipping...")
Nl Lage

Lot = Mt selactl Latitwe’)
Latitude = \atl)

A _latelatitude . nint)

e latelatitude. el

Loa » M selectlLosgitue’)
Lorgitude = 1onls)

mAn_Lons longitude mind)

e Lonslong i tude manl)

tryl

SOt e e L OS08 et )
eaiept)

ACIOLL SOLOK . sl BOLS bt

LALA 000A 0Ol COMLALA Lhe SEOLL SO NAME. . 2loase dls d

g Training Program

LR
Bea

(-

e YOU CAN Dot el oF any object by presting Crd el
in fromt of i, either on the fdtor or the Console

Melp can 250 be hown astomatically atier wrning & et
PArertheiis nenl 50 a0 OBt You Can activate this
Detavi in Mrefevences » el

New 00 Sovder? Read our o

Verabie epiorer e epborer IS Promier

Python 2.7.10 [Aracends 4.4.0 (xM 64) ] (default, Dec 20 J0L6, 20:05:00)
Type “copyright™, “credits™ or “License™ for mare aformatlon,

l'y"-o- 5.0.0 o A erhanced Intersctive Pythos,
«» Introdection and overview of IPythen's feateres.

\wl(lro' “» Quick reference,

Melp o= Python’s ows Mmip oyuu.

object?  «» Detalls sbout ‘sbject’, wie ‘sbject??’

for extra detalls,

Pynen coraie  eaer b

20




Running and Output

AQD stafistics

In [1): runfilel'/Users/gupta/Desktop/CA_TRN/read_and_map_mod_aerosol.py”, wdirs'/Users/gupta/Desktop/
CA_TRN')

Would you like to process
MYDR4 _L2,A2017249.1925.006.20172501608408. hat

(Y/N)"Y*"
This is a 10&m MODIS file. Mere is some information:
(*\nThe valid range of values is: *, -0.1, " to ', 5.9, '\nThe average is: ', 0.178, *\nThe standard

deviation is: ', 0.23)
(*The range of latitude in this file fs: ', 27.187273, ' 1o ', 48.299458, ‘degrees \nThe range of
longitude in this file is: ', -111.39777, * to ', -89.255447, * degrees')

Would you Like to create a map of this data? Please enter Y or N
wyw
Jusers/pguptai/python/anaconda/Lid/python2,. 7/site-packages/2pl_toolkits/Dasenap/ __init__.py:3413:
MatplotlibDeprecationWarning: The ishold function was deprecated in version 2.0,
D = ax.ishold()
JUsers/pguptai/python/anaconda/Lib/python2. 7/site-packages/mpl_toolkits/Dasemap/ _init__.py:3422:
MatplotlibDeprecationarning: axes.hold is deprecated.
See the API Changes document (http://matplotliib.org/api/api_changes.html)
for sore details.
ax.hold(b)

MYD04 L2 A2017249.1925 006 2017250160408
ADD_550_Dark_Target_Deep_Blue_Combaned

" [ il - 1‘r’\ 75
ol -_,‘f.- !'\4 :.,,,
1:-)3
|l < — Output AOD
e - map

HEW IOW W TR TR R

Mould 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 Change the SDS

CIaTa*0ata.asTypeiTioat)
datajdata == fv] = np.nan

for FILE NAME in filelist:

data = np.ma.masked_array(data, np.isnan(data)) FILE_NAME=FILE _NAME.stripl)

n = Basemap(projection='cyl’, resolution="1', llcrarlat=ain_lat, urcrnrlat = sax_lat, llcrarlonsain_lon,

user_imputeinput( \nkould you Like to process\n' ¢ FILE_NAME ¢ '\n\n(Y/N)')
n.drawcoastiines(linewidth=9.5) if(user_input == "N' or user_input == "n’):
n.drawparallels(np.arange(~-90., 120., 5.), labels=[1, @, @, @]) continue
n.drawmeridians(np.arange(-180., 181., 5.), labels=[e, @, o, 1)) else:
x, y = n{longitude, latitude) A "IXT in FILE_NAME:
n.pcolormeshix, y, datasscale_factor, cmap=pit.cm,jet) print( This is @ Jkm MODIS file. Mere is some information: *)
plt.autoscalel)

SOS_NAME='Optical Depth_Land _And Ocean

elir 2° in FILE !
¢b = m,colorbar() ™is 1

print( This is & 10ka MODIS file. Mere is some information: ')
SOS NAME='ADD 550 Dark _Target Deep Blue Combined’
cb.set_label('ADD') elsesn: s

print( ‘The file JFILENAME, " 15 not & valid MODIS file (Or is named incorrectly). \n')
continue

try:
MT=5D. SO FILE_NAME)

except:
print(‘Unable to open file: \n' o FILE_NAME « ‘\n Skipping...")
continue

peoco QS

NASA's Applied Remote Sensing Training Program 22



https://matplotlib.org/examples/color/colormaps_reference.html

Applications

This is a sample code to read and map the MODIS Level 2 aerosol data
The code can be modified to address different mapping needs

Users can create daily maps of AOD over certain regions and start analyzing
changes over time

AOD maps can also help identify regions with high pollution levels

Example: May 14, 2007 May 15, 2007 May 16, 2007
High AOD values from ' ' S : B Svant

smoke show good
agreement with
surface monitors

(circles).

NASA's Applied Remote Sensing Training Program
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Exiract AOD Values at a given location

read_mod_aerosol_at_a_location.py

S python Fle 1k Seach Souce Vew Heg J e A sl WX Wed125'PM Cupts O IE

« Purpose:read a DB rDDCENCEENE BX £ ¢ tmoe as 4

MOD'S CIeI’OSO| |eve| 2 goowm-—wm«wwo-—a- & Q%?ﬂ@mw - .e
and extract AOD . e pr s ', ' e

values at a given — I —H 41—

ground location o .
 The code works for o i

both 10 km and 3 km A .I::!(:::'::‘ A fl;lf“w'ﬁi'f.“..':ﬁ.'f. oy

ot =3
:l _I_ flener_input N
pro U C S e ’ Masae enter the 1atitude pow would Like to sralyre (Deg. NI 40,8
' s PILE At
-~ Plesse enter the longltude yow would Like to snalyre (Deg. £): 3003
ile pi entered | atited “w )
(3 .51
] hee ¢ e his
01
- ] L L 1 ye
FILE wa st o
AThe verage walue 1A 1AL o710 1 197, VEThe medlat walve UA TALS grie
» ' his grid 1s: ', 0.0
A o cen
— » ' 02N, ' AThe medin s it
N a ‘ his grid "
-~ . process
roed ' 5,004, 201 25014050
~
'~
. . Pyt « F el | . L
Parrsamors. AW Ird-of Aren: CR Lreodeg ASCH U ) Cobumvr 1 Nemeory 37 %
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Running qnd OU'I'pU'I' Would you like to process

MYD@4_L2.A2017249.1930.006.2017250160703.hdf
(YIN) llYll

Type “Y" to process ﬁ|e,l\rlhich SDS would you like to view? (Type the number and press enter)
TINLE . (1) Deep_Blue_Aerosol_Optical_Depth_550_Land
N" to Sklp (2) AOD_550_Dark_Target_Deep_Blue_Combined
(3) AOD_550_Dark_Target_Deep_Blue_Combined_QA_Flag
1
(‘The range of latitude in this file is: ', 44,253548, ' to ', 66.211197, 'degrees

nThe range of longitude in this file is: ', -126.93629, ' to ', -82.291809, '

. Please enter the latitude you would like to analyze (Deg. N): 49.5
Lat & Lon of statfion

Please enter the longitude you would like to analyze (Deg. E): -100.5
('\nThe nearest pixel to your entered location is at: \nLatitude:',6 49.482555, '
Longitude:', -100.51669)

(‘The value of ', 'Deep_Blue_Aerosol_Optical_Depth_550_Land', 'at this pixel is ',
0.171)

OU'l'pU'l'S (*\nThere', ‘are', 9, 'valid', 'pixels', 'in a 3x3 grid centered at your entered
location."')

(*\nThe average value in this grid is: ', 0.197, ' \nThe median value in this grid
is: ', ©.171, '\nThe standard deviation in this grid is: ', 0.075)

(*\nThere', 'are', 24, ' valid', 'pixels', ' in a 5x5 grid centered at your entered
location. \n')

(‘The average value in this grid is: ', 0.204, ' \nThe median value in this grid
is: ', 0.201, '\nThe standard deviation in this grid is: ', 0.077)

Would you like to process
MYDO4_L2.A2017249,2105.006,2017250160535.hdf

{Y/N)

NASA's Applied Remote Sensing Training Program 26 ‘




Editing the Code - Change the SDS

s through all files listed in the text
ILE NAME in filelList:
"ILE_NAME=FILE_NAME.strip()
iser_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)"')
if(user_input == 'N' or user_input == 'n'):
continue
rlse:
if '3K' in FILE_NAME: #then this is a 3km MODIS file
userInput-int(input(’wnlch SDS would you like to view? (Type the number and press enter) \n(1) Optical_Depth_Land_And_Ocean \n(2.
while userInput not in {1,2, 3 4}:#repeats the question if the usen does not choose one of the options
print('Please try again. )
userInput-int(input(‘Which SDS would you like to view? (Type the number and press enter) \n(1l) Optical_Depth_Land_And_Ocean

#Uses a Python dictionary to choose the SDS indicated by the use
dataFlelds-dlct([(l 'Optlcal _Depth_Land_And 0cean ), (2 'Land Ocean _Quality_Flag'),(3,'Image_Optical_Depth_Land_And_Ocean'),(4,'L:
elif 'L2' in FILE_NAME: /" s above but for 10km MODIS file
userInput=int(input('Which SDS would you like to view? (Type the number and press enter) \n(1) Deep_Blue_Aerosol_Optical_Depth_5!
while userInput not in {1,2,3}:
print('Please try again.')
userInput=int(input('Which SDS would you like to view? (Type the number and press enter) \n(1) Deep_Blue_Aerosol_Optical_Dep
dataFields=dict([(1, 'Deep_Blue_Aerosol_Optical_Depth_550_ Land ), (2, 'AOD_55@_Dark_Target_Deep_Blue_Combined'), (3, 'AOD_550_Dark_Ta
SDS NAMEzdataFieldslint(userlnput)] # The name of the sds to reac
try:
7 ’ n 1he hdf (.' Or .,.‘“)‘-‘,;(:
hdf—SD SD(FILE NAHE)
except:
print('Unable to open file: \n' + FILE_NAME + '\n Skipping..."')

continue
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Editing the Code - Change the AOD Calculations

if x < 1:
x+=1
if x > data.shape(0]-2:
X==2
if y < 1:
y+=1
if y > data.shape(1]-2:
y-=2
three_by_three=data[x-1:x+2,y-1:y+2]
three_by_three=three_by_three.astype(float)
three_by_three[three_by_three==float(fillvalue)]=np.nan
nnan=np.count_nonzero(~np.isnan(three_by_three))
if nnan == 0:
print ('\nThere are no valid pixels in a 3x3 grid centered at your entered location.')
else:
three_by_three=three_by_threexscale_factor
three_by_three_average=np.nanmean(three_by_three)
three_by_three_std=np.nanstd(three_by_three)
three_by_three_median=np.nanmedian(three_by_three)
if nnan == 1:
npixels='is'
mpixels='pixel’
else:
npixels='are’
mpixels='pixels’
print('\nThere’',npixels,nnan, 'valid',mpixels, 'in a 3x3 grid centered at your entered location.')
print('\nThe average value in this grid is: ',round(three_by_three_average,3),' \nThe median value in this grid is: ',round(three
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Applications

Satellite AOD Validation AOD-PM25 Relationship Time Series Analysis

15
3 / 2.0 [mopis AoT = 01008 x PM2.5 + 0.149 :
y - 0.939x . 0‘059 / R = 0.96 Terra Aque
74 ® 4 HongKong 12
. £ 16 .o 4 Sydney - _
/ X ® A Switzerland §
- /4 0 e 2 Delhi 8 09 ‘ |
0. &7 7 S ypf | Moderate Unheatny 2 o | C |
< = g ;na- ’ ‘ i
g . [ § ‘ , | | Ill
o 2 O 8 | | ; \ ‘ ‘ ! | | .4 |
O . n " ‘IN ' | ‘M
2 1 - P e E 'K ' 1t W‘F | - v “ﬁl" JI IfJ
o * (@) gt — sol hif| fll M uu’ I||] H" " “
e = 0.4 - (1) 7] Jan00 Jan01 Jan02 1an03 an04 Janﬂﬁ Jan06
® 0.0 [58% . . . . i
0 T T 0 20 40 60 80 100 120 140
0 1 2 3 PM2.5(24 Hrs) in pugm™
AERONET AOT

Image Sources: Gupta et al., Gupta et al., 2006, Gupta et al., 2007
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Output MODIS Aerosol Level 2 HDF variables to a CSV file

read_mod_aerosol_and_dump_ascii.py

S Torminal Sie View W " - * A ~ B Wed 1255 P Cupts =
* Purpose: read a - —

MODIS aerosol level 2 &t st e & st O 8 e S T .
data file in HDF format iy —
and write certain SDSs SR 2> Wi e ", 0 Y o
info a csv (text) file

« The code works for i
both 10 km and 3 km o s B
products T T ——
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Output

ece MYDOL L2 A2017248.1525.006 201725070408 2t ~
Year Month,Day, Hour Misute, Second, Lot itude, Longitude, Deep_Bles Acrsacl Opticel Drath 538 Land, A0 358 Dars Tarses Desae Sies Contined, ADD_S39_Sark_Tarset Sees 8lus Combines 04 Flag
0,25.0,9.0,30, 8542312622, -5, 2SSLLTIETT, 4495, 0, 9995, 0, 0.0
025 30, £285504039, -B0, T2ISE41479, ~5995. 8, -9995.0,. 0.0
3 30, 032402005, -8 1552407227, -5595. 0, -9955.9,.0.9
0,2% L 30. ITEZIV6ES, ~01. SELLE2TEL2, ~5905. 0, -9995.0, 0.0
0,28 30, 3535600308, ~81. D493026713, -nn 0,900, 0.0
0,25 30, 329334259, -2, 3096008301, 9999, 8, -9999.0, 8.
.25 30, 3055496236, ~82, 6497421265, ~9999. 8, -9999.9, 0.8
0,35 0. 2022006743, -82. 9720006196, -5995. 0, -9955.0,0.0
28 30. 2992068005, <83, 27AI2ATIO0, <9900, -9999.0, 0.0
25, 30, 2ETEITNL, ~BY, SE9E91TTY, 9990, 0, 99900, 0.0
zs 30, 2147369385, -u.mmun.—m.o.-””. .
L0, -9955.0.0.0

This code saves a .csv
file, which can be

opened by excel,
text editor, or other
codes or software

,)..lﬂll777‘§.-.l :uuuu:.o 2000
0. 1500341267, <B4, 6243875122, <0990, 0
301304397583, <54, BAOTES23, 9990 0,
30, 1103076535, -85, 0764007568, -9995.0,
IO 0S5IR9514, RS, IHNTSINNE, 59950,
0. 0TINTIINAZ, WL SASNIITINN, 0. mnﬂ.-ﬂu Lo

3333

.,
129, 9250204855, -85, ’7.”1“”.
129, 900030293, ~87. 140PEA1220, ~599%.
20.052101952, <87, 2904413447, <5000
29, 87550354, ~£7.4542999264, <9990 0,
29, 8590584344, -8, 6056747437, 9995, 0,
29, 4287640413, -87, TSITHLRNG1, -5995. 0

3!33333333

i

iii

9. TTHESI6410, B0, XITI691095, -999%. 0.-”” e 0
29 TEAZITIVET, B8, 4515220271, 59950, -9995. 0

nmrm.-ﬂmmomo.oo

2000 2,-0%.
CRSETITVING, <09, 9144007441, 9900 0,
.” ST20901427, -90, 0269012451, -999%. 0,

.” ”l”ﬂ“’.-“ STaneeis, om 0.
TR ARTRARZNLE, B0 LML) LAN, - 0,
IR ATITIIONAG, B0, TETRMRD 00, 0000

5 JOLTR AMNGIIENIT, 0, DRINATIAT, .,
U LS ‘ S0 TE MNAMITAYE B BATAARANYE L 0 -
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Editing the Code

21
22 . txt ining t/ ' . fer 1 vad t/
23 try:
24 fileList=open('fileList.txt','r")
25 except:
26 print('Did not find a text file containing file names (perhaps name does not match)')
27 sys.exit()
. 28
Change the list 29 , .
. 30 for FILE_NAME in filelList:
SDS to be written 31 FILE_NAME=F ILE_NAME.strip()
32 user_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)')

33 if(user_input == 'N' or user_input == 'n'):
continue
else:

as an oufput

3
37

if "3K' in FILE_NAME: | km MODI
print('This is a 3km MOOIS fllc dean ’)

38

39 dataFields=dict([(1, Optxcal Dcpth Land And Occan ) (2,'Imaqe Optical_Depth_La
4@ )

41 elif 'L2" in FILE_NAME: but 1 10k

42 print('This is a 10km MODIS file. Saving... ')

43 dataFields=dict([(1, 'Deep_Blue_Aerosol_Optical_Depth_550_Land'),(2, 'AOD_550_Da
44 else:

45 print('The file :',FILE_NAME, ' is not a valid MODIS file (or is named incorre
46 continue

47 try:

48 ' if file f

49 hdf=SD.SD(FILE_NAME)

5e except:

51 print('Unable to open file: \n' + FILE_NAME + '\n Skipping..."')

52 continue

53
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Applications

This is a sample code to read and extract the MODIS Level 2 aerosol data
The code can be modified to extract multiple SDSs intfo a single .csv file
The code can be easily modified to extract data over a certain region
The output file can be opened in excel, or any other data analysis tool
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Create an Air Quality Map

read_aod_and_calculate_pm25.py

o python Fle Bt Seawh Soute e ODetug Corsoles Moects Tools Ve e J “ “ a YR WiiZSEW Ogm Q IE

 Purpose: read a MODIS DBE " MO PDDCENCEENE BX S8 €3 renen T

oo e o0 Ty v

aerosol level 2 data file in @ 0 et e o s et I .e

would you Like to process
FYDRE LI A2007280, 1900, 000 0072 1000 M

HDF format and create a o = o

™ & 108 MODIS Tile. Sere i sone Lafaraatlon
. . A ' WIne wald range of walees 81 ', 0.1, 0, N, e s s LA, e
L standerd dewiation La: ', 20
O Ir U O I CO e Or ' ks - The range oF Latitude 1s UAGs File As: °, 27, 087278, * te °, &5,290458, “degrees \AThe range of
* ' Wongitede 0 TALS Tile 180 “, ~35L. 0107, © ta Y, 8295440, C degrees’)

map using the relationship | e 0 e sk o e o 4 1.5 ki

between AOD and PM25 e

« The code works for both 10

km and 3 km products
Disclaimer: This is just a sample code. The ““ R o
default AOD-PM25 relationship used here is T T
the assumed relationship over the USA. el

The users of this code are responsible for

checking the validity of this relationship andf =< """ — . B e s
encouraged to use local relationships for ——

visualizing AQ in different parts of the world.
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Editing the Code - Change the SDS

31 for FILE_NAME in fileList:
32 FILE_NAME=FILE_NAME.strip()

33 user_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)')
34 if(user_input == 'N' or user_input == 'n'):
35 continue
Tk%e user %Gn -
37 if '3K' in FILE_NAME:
C Onge e 38 print('This is a 3km MODIS file. Here is some information: ')
AOD SDS 'I'O 39 SDS_NAME='0Optical_Depth_Land_And_Ocean'
. 40 elif 'L2' in FILE_NAME:
print('This is a 10km MODIS file. Here is some information: ')
be Used N 42 SDS_NAME='AOD_550_Dark_Target_Deep_Blue_Combined"
PM2 5 43 else:
. 44 print('The file :',FILE_NAME, ' is not a valid MODIS file (Or is named incorrectly). \n')
1 45 continue
calculation r ry:
47
48 hdf=5D.SD(FILE_NAME)
49 except:
50 print('Unable to open file: \n' + FILE_NAME + '\n Skipping...')
51 continue
52
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Editing the Code: Change the AOD-PM, ; Relationship and AQI

19 user_input=input('\nWould you like to enter a slope and intercept for PM 2.5 calculation?')

3 AT user_input == 'Y’

The code uses
PM25 = Slope * AOD + Intercept

as the linear regression equation
to calculate PM25 from AOD

)3 else:

)7 valid_data=dataxscale_factor
106 pm25=Tloat(slope)svalid_data+float({intercept)

or user 1rnut == 'y'}
slope=input ( se enter a slope: ')
intercept=input ( se ent

Change the
default slope &

intercept

slope=29.4
intercept=8.8

113 is_map=input('\nWould you l1ike to create a map of this data? Please enter Y or N \r

if is _map == 'Y

The code uses the U.S. EPA 1
definition of air quality categories —>
based on PM25 ‘

AQI Calculator;
Nhit rnow v/ingdex

Hon=qi culg

fm?¢
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or i1s_map == 'y'i

data=pn25.astype(float)
data(np.logical_and(data>=0,data <= 12))=90
data(np.logical_and(data>12,data <= 35.4)]=1
data(np.logical_and(data>35.4,data <= 55.4)]=2
data(np.logical_and(data>55.4,data <= 150.4))=3
data(np.logical_and(data>150.4,d0ta <= 250.4) =4
data(data»250.4)=5

dotaldata < @) = np.nan

Change the air
quality categories

dota = np.ma.masked_array(data, np.isnan(data))

n = Basenmapl(projection="cyl', resolution="1", Llcrnrlat=nin_lat, urcrnrlat = max_
m.drawcoastlines(linewidth=9.5)
m.drowparallielsinp.arange(-90,,
m.drowneridions{np.arange(-180.,

lat, llcrnrion=min_lon,
120.,

181.,

5.), labels=(1, &, @, 9))
5.), labels=(0, 0, 0, 1))
X, ¥y = m(longitude, latitude)
my_cmapelinearSegmentedColormap. from List( mycmap', ["gred
m.pcolormeshix, y, data,cnapsay_cmap)

plt.clim(®,6)

¢b = m,colorbar()

ch.set_label( 'ADI Cate )

ch.set_ticks([.5, l.S,J.H,l.S,t.%,\.S])

cb.set_ticklabels(['Good', jerate’, 'Unhealthy f Sensitive Groups', 'Unhealthy’,


https://airnow.gov/index.cfm?action=airnow.calculator

Application: Convert AOD into PM, ; & Air Quality Maps

0.00 5 (.20 0.40 Q.60
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Application - Compare Satellite with Surface Maps
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References

- Deep Blue Algorithm Website (Qtfosi//decpblue.gsfc.nasa.gov/daia)
* Dark Target Algorithm Website (Qitosy//darkiaraet,asic.nasa.,aov/)
- MODIS Data Download (atfpsy//ladswebmodaps.eosdis.nasa.dov/)
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