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Lea, Mapee y Exiraiga Datos de Aerosoles de
MODIS Usando Scripts de Python
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Pawan Gupta y Melanie Follette-Cook, 17 al 22 de enero de 2018



’

Requisitos para su Computadora y Python



Sistema Operativo

« Tanto la Sesidon 2 como la Sesion 3 cubrirdn scripts de Python para realizar tareas
similares.

La Sesidon 2 se presentard usando un sistema operativo Mac (Apple).

Toda la estructura de los directorios y el diseno de Python serdn segun el sistema
operativo para Mac.

La Sesion 3 se presentard usando una maguina Windows.

El mostrar usando ambos sistemas operativos permitird a los usuarios experimentar
el diseno de cada uno.

« Anticipamos que los codigos se ejecuten exitosamente en los sistemas operativos
de Mac, Windows y Linux.
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Requisitos Computacionales

 Instalar Python 2.7 usando Anacondad

* Instalar todos los paqguetes (packages)
de Python requeridos
— Lista de paquetes (derecha)

« Probar la instalacion de Python y los
paguetes usando el siguiente codigo
de prueba para Python
— fest_python.py

« Descargar los datos de MODIS Data y
codigos de Python de la pdagina en
inea de la capacitacion
— https://arset.gsfc.nasa.gov/airguality

/webinars/2018-hiresdatasets

« Para mas detalles sobre el codigo, visite:
https://arset.gsfc.nasa.gov/airquality/p

vithon-scripts-aerosol-data-sets-merra-
modis-and-omi

NASA's Applied Remote Sensing Training Program

Anaconda 5.01 For macOS Installer

Python 2.7 version *

& Download
64-Bit Graphical Installer (563 MB)
64-Bit Command-Line Installer (487 MB

Python 3.6 version *

& Download
64-Bit Graphical Installer (569 MB)
64-Bit Command-Line Installer (491 MB)

 Lista de paqguetes de Python:

— pyhdf — matploflib
— numpy — linearSegmented
— svs Colormap
— mpl_toolkits. — hpy
basemap — time
— calendar

4‘



Prueba de Python

[ python File Edit Search Source Run Debug Consoles Projects Tools View Help 1]] ® A < [0 00%®3 Wed1:58PM Gupta Q =
M 13 " M) Spyder (Python 2.7)
« AD | edit pyd — 5
rO e e I Or S er D= o — | 2 @c‘ ‘Ml & rEr‘E» B BX F @ & 9 |jusersigupta e 4
d _I_ d d o0 Editor o0 IPython console

entro de Anaconddad B3] testoython.sy & 5o consoern - g
1 Python 2.7.13 |Anaconda 4.4.0 (x86_64)| (default, Dec 20 2016, 23:05:08)
2 Type “"copyright", "credits" or "license" for more information.

3 Module: read_and_map_mod_aerosol.py
4

i / \er iest thon IPython 5.3.@ —- An enhanced Interactive Python.
[ 5 Disclaimer: The code is for demonstration purposes only. Users are responsible [to check for acc ? -> Introduction and overview of IPython's features.

6 squickref -> Quick reference.
7 Author: Justin Roberts-Pierel, 2015 help -> Python's own help system.
V4 8 Organization: NASA ARSET object? -> Details about 'object', use 'object??' for extra details.
) Ase Urese Ue el 9 Purpose: To extract AOD data from a MODIS HDF4 file (or series of files) and create a map of th
10 In [1]: runfile('/Users/gupta/Desktop/CA_TRN/test_python.py', wdir='/Users/gupta/Desktop/
11 See the README associated with this module for more information. CA_TRN')
. . V4 . 12 /Users/pgupta3/python/anaconda/lib/python2.7/site-packages/mpl_toolkits/basemap/__init__.py:
d I rec‘l‘orlo 'I'e n O el Cod | O 3" 3413: MatplotlibDeprecationWarning: The ishold function was deprecated in version 2.0.
14 b = ax.ishold()
15 /Users/pgupta3/python/anaconda/lib/python2.7/site-packages/mpl_toolkits/basemap/__init__.py:
. 16 from pyhdf import SD 3422: MatplotlibDeprecationWarning: axes.hold is deprecated.
P 'I'h n | r h H D F 17 import numpy as np See the API Changes document (http://matplotlib.org/api/api_changes.html)
y O y e O C IVO 18 from mpl_toolkits.basemap import Basemap, cm for more details.
19 import matplotlib.pyplot as plt ax.hold(b)

20 ;mport sys
21 import h5py MYD04_L2.A2017249.2105.006.2017250160535

) A b rO | O C O n S O | O ipyih o n 5% imgg:: E;T:ndar Image_Optical_Depth_Land_And_Ocean
. 5
S .- o

115°W  110°W

38 SDS_NAME="'Image_Optical_Depth_Land_And_Ocean' 135°W  130°W  125°W  120°W

24
50°N
e n el S id er I 26 F1ie_name="mvDos_L2.A2017249.2105.006.2017250160535. hdf' | )
p 28 hdf=SD. SD(FILE_NAME) 450N [
29 3
30 lat = hdf.select('Latitude') a
. J4 . 31 latitude = lat[:] 20°N ?
- Ejecute el codigo usando ey ~hi 2
33 max_lat=latitude.max()
34 lon = hdf.select('Longitude') O r IVO
35 longitude = lon[:] 35°N 1
la flecha verde enla parte oy H
37 max_lon=1longitude.max() D F 0

39 sds=hdf.select(SDS_NAME)

S U p e rl O r 3? attributes=sds.attributes() In (2]:

42 scale_factor=attributes['scale_factor']
43
. 44 range=sds.getrange() M
° 45 min_range=min(range) I O e n
ebe producirse una m
47
48

imagen como la que se producida

51 valid_data=data.ravel()
52 valid_data=[x for x in valid_data if x>=min_range]

7 2 s . P IS
m UeSTrO Oq UI 53 valid data=[x for x in valid_data if x<=max_range] JUOCIIETEE  Python console  File explorer  Help  Variable explorer

Permissions: RW End-of-lines: CR Encoding: ASCII Line: 21 Column: 8 Memory: 72 %
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Conozca Sus Datos



Como Entender el Nombre de un Archivo de MODIS

Producto de Aerosoles, Nivel 2, 10 km

Nombre del Producto
* Terra: MOD04 H
- Aqua: MYD04 ora

| 1

MODO04_L2.A 079.0255.

Fecha

 Dia Juliano

hdf

Se puede usar HDFLook, Panoply, IDL, Python, Fortran, MatLab y otfros para leer los datos

NASA's Applied Remote Sensing Training Program
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Como Entender el Nombre de un Archivo de MODIS

Producto de Aerosoles, Nivel 2, 3 km

Nombre del Producto
* Terra: MOD04 H
- Aqua: MYD04 ora

\ |

MODO04_3K.A 079.0255.

Fecha

 Dia Juliano

hdf

Se puede usar HDFLook, Panoply, IDL, Python, Fortran, MatLab y otfros para leer los datos

NASA's Applied Remote Sensing Training Program
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Pardmetros de Aerosoles de MODIS (SDS)

« Optical_Depth_Land_and_Ocean
— Se recupera usando el algoritmo de objetivo oscuro(Dark Target Algorithm)
— SOlo datos de alta calidad
* QA (garantia de calidad) =3
cQA=1,2,3
— 10 km y 3km

» Dark_Target_Deep_Blue_Optical_Depth_550_Combined

— Producto combinado de los algoritmos Deep Blue (azul profundo) y Dark Target
(objetivo oscuro)

— Solo de 10 km

« Quality_Assurance_Land
— Indicacion de calidad asociada con producto DD
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La Garantia de Calidad (Quality Assurance) es Sumamente Importante

La Garantia de Calidad (QA) indica la confianza en la calidad de la imagen recuperada

Quality_Assurance_Ocean Quality_Assurance_Land

 Escalade 0a 3  Escalade 0 a3

« Se Recomienda QA por encima de « Se Recomienda QA de 3 para Tierra
1,2,3 para Océano . Eactores:

* Factores: — NUmero de pixeles
— Numero de pixeles — Adecuacién de errores
— Adecuacion de errores — Reflectancia superficial

— Proximidad al destello
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Alistandose con Python



Anaconda y el Editor Spyder

@ Anaconda Navigator File Help D & B < 0 100%@ Wed11:04AM Gupta Q =
000 ) Anaconda Navigator

{D ANACONDA NAVIGATOR

A Home o
Applications on | root v | Channels Refresh
. Environments ~
el e el el
U
) —_ AW
&= Projects (beta) Jupyter IPTy
N’ q
)
. notebook tconsole spyder lueviz
‘ Learning g ad g
5.0.0 A 430 A 314 0.10.4
Web-based, interactive computing notebook =~ PyQt GUI that supports inline figures, proper Scientific PYthon Development Multidimensional data visualization across
ool Community environment. Edit and run human-readable multiline editing with syntax highlighting, EnviRonment. Powerful Python IDE with Files. Explore relationships within and among
docs while describing the data analysis. graphical calltips, and more. advanced editing, interactive testing, related datasets.
debugging and introspection features
e} e}
Documentation
Developer Blog
orange3 rstudio
Feedback 341 1.0.153
Component based data mining framework. Aset of integrated tools designed to help
Data visualization and data analysis for you be more productive with R. Includes R
’ @ novice and expert. Interactive workflows essentials and notebooks. ~

Anaconda-Navigator

L29006 &%
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Vista de Spyder

@ python File Edit Search Source Run Debug Consoles Projects Tools View Help []D ® B < 0 100%@@ Wed11:06 AM Gupta Q =
Spyder (Python 2.7)

000
DBS@E@»EIQG"“ l::"Eﬁ»IIB.X'}'P ‘& <> |users/gupta BB’

o0 Editor o0 Help
Qle untitledO.pyJ & Source Console B Object n I -3
1 v :
2 ¥
&
4

Created on Wed Dec 27 11:06:22 2017
5

6 @author: gupta

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.

New to Spyder? Read our tutorial

Variable explorer  File explorer m Profiler

darea para el Bite omme | s

Python 2.7.13 |Anaconda 4.4.@ (x86_64)| (default, Dec 20 2016, 23:05:08)

L4 d. Type "copyright", "credits" or "license" for more information.
Co Igo IPython 5.3.0 — An enhanced Interactive Python.
? -> Introduction and overview of IPython's features.
%squickref -> Quick reference.
help -> Python's own help system.
object? -> Details about 'object', use 'object??' for extra details.

In [1]:
: de ipyth
Python console  History log plaiyleie e
Permissions: RW End-of-lines: LF  Encoding: ASCII Line: 9 Column: 1 Memory: 72 %
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Vista del Directorio Actual y Lista de Archivos

 Cree una lista de archivos HDF ‘fileList.txt’
* El directorio debe tener
— Todos los codigos Python

— Todos los archivos HDF

— Una lista de los archivos HDF titulado
fileList.txt’

NASA's Applied Remote Sensing Training Program

gs6l4-quptaml: CA_TRN gupta$ vi filelList.txt
gs6l4-quptaml:CA_TRN guptas 1s
MYD@4_3K.A2017232.2200.006.2017233154505.png
MYD@4_3K.A2017232.2200.006.2017233154505. txt
MYD@4_L2.A2017232.1520.006.2017233154749.png
MYD@4_L2.A2017232.2200.006.2017233154546.png
MYD@4_L2.A2017249.1925.006.2017250160408. hdf
MYD@4_L2.A2017249.1925.006.2017250160408. txt
MYD@4_L2.A2017249.1930.006.2017250160703. hdf
MYD@4_L2.A2017249.2105.006.2017250160535. hdf
fileList.txt

pyl

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

gs6ld4-guptaml:CA_TRN gupta$ 1ls *.hdf
MYD@4_L2.A2017249.1925.006.2017250160408. hdf
MYD@4_L2.A2017249.1930.006.2017250160703. hdf
MYD@4_L2.A2017249.2105.006.2017250160535. hdf
gs6l14-qguptaml: CA_TRN gupta$ ls *.hdf >fileList.txt
gs6ld-quptaml:CA_TRN gupta$ more filelList.txt
MYD@4_L2.A2017249.1925.006.2017250160408. hdf
MYD@4_L2.A2017249.1930.006.2017250160703. hdf
MYD@4_L2.A2017249.2105.006.2017250160535. hdf
gs614-guptaml:CA_TRN guptas |}




Lea un Archivo de Aerosoles de MODIS (HDF)
e Imprima la Lista de SDS



Imprima Conjuntos de Datos Cientificos (Scientific Data Sets o SDSs)
read_mod_aerosol_and_list_sds.py

, @ python File Edit Search Source Run Debug Consoles Projects Tools View Help D & B < ) 100%@@ Wed11:09AM Gupta Q i
H . [ ] (] Spyder (Python 2.7)
* PrOPOS“O. |eer Un NesB%=E0 BB £ u"Eu-’:»IsE'x:/P i€ D |usersigupta pE 4
. 00 Editor 00 Help
O rC h IV O d e O e rOS O | es 1= IQ read_mod_aerosol_and_list_sds.py| ¥ Source Console E Object E [V -
10

M Dl L4 | 2 2 Module: read_mod_aerosol_and_list_sds.py

e O S e Ive 4 Disclaimer: The code is for demonstration purposes only. Users are responsible {to che
5
6 Author: Justin Roberts-Pierel, 2015

7 Organization: NASA ARSET Here you can get help of any object by pressing Cmd+I in front of it,
el l Orl I lO O e 8 Purpose: To print all SDS from an HDF4 file either on the Editor or the Console.
9

10 See the README associated with this module for more information. Help can aIso_be shown autolicalllv_af(erwntnng a left parenthesis
next to an object. You can activate this behavior in Preferences >

Imprimir todos los

4
hd iS from pyhdf import SD New to Spyder? Read our tutorial
16 import numpy as np
17
18
. 7 e ° o ge 19 try: .
cientificos (Scientific 2 s ittt ) e s i W
g% Fs);?;)(usi? not find a text file containing file names (perhaps name does not mat o0 Eitonr
D i s i S DS 24 Qle Console 1/A | | I-%
25
a q e s O 26 for FILE NAME in filelList: Python 2.7.13 |Anaconda 4.4.0 (x86_64)| (default, Dec 2@ 2016, 23:05:08)
27 FILE_NAME=FILE_NAME.strip() Type "copyright", "credits" or "license" for more information.
28 userZinput:mpUt("r.‘ould you like to process\n' + FILE_NAME + '\n\n(Y/N)"') .
7 ° . 29 if(user_input == 'N' or user_input == 'n'): IPython 5.3.0 —- An enhanced Interat_:tlve Python. )
30 continue ? -> Introduction and overview of IPython's features.
° C O I O S I rve O rO 31 else: %squickref —> Quick reference.
32 if '3K' in FILE NAME: help -> Python's own help system.
33 print('\nThis is a MODIS 3km file. Here is a list of SDS in your file:\; | object? ~ -> Details about 'object’, use 'object??' for extra details.
34 elif 'L2' in FILE_NAME:
rOd U C-I-OS d e ] O kl I I 35 print('\nThis is a MODIS 10km file. Here is a list of SDS in your file:' ||In [1]: runfile('/Users/qupta/Desktop/CA_TRN/read_mod_aerosol_and_list_sds.py', wdir='/Users/gupta/
36 else: Desktop/CA_TRN')
37 int('The file n d @' ! t lid MODIS file (Qr 1
2 ggrl\rt\lr(\ue e file name , FILE_NAME, is not a vali ile is Would you like to process
d e 3 krT] 39 try: MYD@4_L2.A2017249.1925.006.2017250160408 . hdf
a0 |
41 hdf=5D.SD(FILE_NAME) (Y/N)"Y"|
42 except:
43 print('Unable to open file: \n' + FILE_NAME + '\n Skipping...')
44 continue
45
46 datasets=hdf.datasets()
47
48 for i,v in enumerate(datasets):
49 print('{e}. {1}'.format(i+1,v))
50 print '’
51

52 print('\nAll valid files given have been processed')
53 Python console History log
Permissions: RW End-of-lines: CR  Encoding: ASCIl Line: 1 Column: 1 Memory: 73 %
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Ejecucion y Producto

[ ] [ ]
Nesns=Ea(rBEG £ )

« Haga clic en la %

Spyder (Python 2.7)

rElE» | O X/’ ® & < |users/gupta

s 4

DO Editor 00 Help
fl h 3 10 read_mod_aerosoI_and_lisLsds.pyJ Q Source Console E Object a & %
echa verde Pdara T
2 Module: read_mod_aerosol_and_list_sds.py
. 7 ° 3 ======
eJeCU'I'Or el Cod IgO 4 Disclaimer: The code is for demonstration purposes only. Users are responsible [to che
6 Author: Justin Roberts-Pierel, 2015 . . .
7 Organization: NASA ARSET Here you can ge} help of any object by pressing Cmd+I in front of it,
e . , 8 Purpose: To print all SDS from an HDF4 file either on the Editor or the Console.
9 . -
® El < O d I O ro< eSO rO 10 See the README associated with this module for more information. Help can also be shown automatically after writing a left parenthesis
1 next to an object. You can activate this behavior in Preferences >
R 12 ' Help.
.I. 13
OdoOos 10S darcnives en =
15 from pyhdf import SD New to Spyder? Read our tutorial
o ° . %g import numpy as np
la lista filelList.ixt uno =
° 19 try:
20 fileList=open('fileList.txt','r") : . +
21 except: Variable explorer File explorer W Profiler
por U no %g ;S);;n;)(uztc)j not find a text file containing file names (perhaps name does not mat o0 IPython console
24 ' 2 ©_Console 1/A | | |
25 4
26 for FILE_NAME in fileList: (Y/N)"y"

FILE_NAME=FILE_NAME.strip()
user_input=input('Would you like to process\n' + FILE_NAME + '\n\n(Y/N)')

* Siga las instrucciones

29 if(user_input == 'N' or user_input == 'n')
° 30 continue
en la terminal de &
32 if '3K' in FILE_NAME:
33 print('\nThis is a MODIS 3km file. Here is a list of SDS in your file:\i
Y 4 34 elif 'L2' in FILE_NAME:
I hon Ir 35 print('\nThis is a MODIS 1@km file. Here is a list of SDS in your [file:'
p 7 36 else:
37 print('The file named :',FILE_NAME, ' is not a valid MODIS file (Or is 1
. 38 continue
i\/! b ! 39 try:
iNgrese O 1
41 hdf=SD.SD(FILE_NAME)
42 except:
7 43 print('Unable to open file: \n' + FILE_NAME + '\n Skipping...')
cuando ésteselo
45
46 datasets=hdf.datasets()
. 47
48 for i,v in enumerate(datasets):
pl O y ec ee n er 49 print('{e}. {1}'.format(i+1,v))
50 print '*
51

52 print('\nAll valid files given have been processed')
53

This is a MODIS 1@km file. Here is a list of SDS in your file:

1. Optical_Depth_Small_Average_Ocean
2. Asymmetry_Factor_Best_Ocean

3. Aerosol_Cloud_Fraction_Ocean

4. Deep_Blue_Angstrom_Exponent_Land

5. Angstrom_Exponent_2_0Ocean

6. Effective_Optical_Depth_Best_Ocean
7. Mean_Reflectance_Ocean

8. Optical_Depth_Small_Best_Ocean

9. Wind_Speed_Ncep_Ocean

10. STD_Reflectance_Land

11. Solar_Zenith

STD_Reflectance_Ocean
Effective_Radius_Ocean

14. Latitude

Sensor_Azimuth
Quality_Assurance_0Ocean
Surface_Reflectance_Land

18. Glint_Angle

Sensor_Zenith

Scan_Start_Time
Image_Optical_Depth_Land_And_Ocean
22. Effective_Optical_Depth_Average_Ocean
Deep Blue Spectral TOA Reflectance Land

producto

Py IO Cot

Permissions: RW End-of-lines: CR Encoding: ASCII Line: 1 Column: 1 Memory: 57 %

NASA's Applied Remote Sensing Training Program

17




Editando el Cdédigo

MoQule: reaa_moa_aerosol_and_L1ST_sas.py

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

Author: Justin Roberts-Pierel, 2015
Organization: NASA ARSET
Purpose: To print all SDS from an HDF4 file

See the README associated with this module for more information.

- cambie el nombre de
fileList.txt por cualquiera
ex:épfti:LeListmpen( ‘fileList. txt 4P Ty q U e |e g US-I-e

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

7 .
for FILE_NAME in fileList: E 'I' d h
FILE_NAME=FILE_NAME.strip() S e CO I O O
user_input=input('Would you like to process\n' + FILE_NAME + '\n\n(Y/N)') .
if(user_input == 'N' or user_input == 'n'):
SIJO pProoraqao
else:
if '3K' in FILE_NAME:

L]
print('\nThis is a MODIS 3km file. Here is a list of SDS in your file:\n') OrO OrChIVOS de
elif 'L2' in FILE_NAME:

print('\nThis is a MODIS 1@km file. Here is a list of SDS 1n your TLCE ]
else:

2;{1‘:;(“]?9 file named :',FILE_NAME, ' is not a valid MODIS file (Or is named incorrectly). \n') OGrOSOleS de
try: .
hdf=SD.SD(FILE_NAME) MO D |S d e N |Ve| 2

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

i de 3kmy 10 km

datasets=hdf.datasets()

from pyhdf import SD
import numpy as np

for i,v in enumerate(datasets):
print('{e}. {1}'.format(i+1,v))
print '*'

print('\nAll valid files given have been processed')
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Aplicaciones

Los datos de aerosoles de MODIS de Nivel 2 estadn guardados en archivos HDF
Cada archivo HDF contiene varios pardmetros geofisicos

Se requieren codigos y herramientas especiales para abrir archivos HDF

Este codigo ayuda a los usuarios a ver los nombres de los SDSs dentro de un
archivo HDF para andlisis adicional

NASA's Applied Remote Sensing Training Program
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Mapee el Espesor Optico de Aerosoles



Trace y Guarde un Mapa del AOD de MODIS

read_and_map_mod_aerosol.py

[ NON ] Spyder (Python 2.7)
DER-2Ee PHBGCENCEENEBX FAa €9 usesms FL X
o0 Editor o0 Help
Q[@ read_and_man_mod_aerosol.pvJ % Ssource | Console Object I -
3
14
15

16 from pyhdf import SD
17 import numpy as np
18 from mpl_toolkits.basemap import Basemap

19 import matplotlib.pyplot as plt Here you can get help of any object by pressing Cmd+1
20 import sys in front of it, either on the Editor or the Console.
21
22 Help can also be shown automatically after writing a left
23 try: parenthesis next to an object. You can activate this
24 fileList=open('fileList.txt','r") behavior in Preferences > Help.
25 except:
26 print('Did not find a text file containing file names (perhaps name does not match)')
27 sys.exit() New to Spyder? Read our tutorial
28
29
30 for FILE_LNAME in filelList:
31 FILE_NAME=FILE_NAME.strip()
=in ! 1 r o+ + ! !
gg f??ﬂ;ﬂfﬁﬁpﬁtpi('WgﬁLﬂsigfiﬁéﬁi t=° PH‘.)??SS\” FILE_NAME \n\n(Y/N) ') Variable explorer File explorer m Profiler
34 continue
35 else: o0 IPython console
36 if '3K' in FILE_NAME: q[@ Console 1/A [ -3
37 print('This is a 3km MODIS file. Here is some information: ')
38 SDS_NAME='0ptical_Depth_Land_And_Ocean' ' Python 2.7.13 |Anaconda 4.4.0 (x86_64)| (default, Dec 2@ 2016, 23:05:08)
39 elif 'L2' in FILE_NAME: Type "copyright", "credits" or "license" for more information.
40 print('This is a 1@0km MODIS file. Here is some information: ')
41 SDS_NAME="'AOD_550_Dark_Target_Deep_Blue_Combined" IPython 5.3.0 -=- An enhanced Interactive Python.
42 else: I ? -> Introduction and overview of IPython's features.
43 print('The file :',FILE_NAME, ' is not a valid MODIS file (Or is named incorrectly). \r %squickref -> Quick reference.
44 continue help -> Python's own help system.
45 try: object? -> Details about 'object', use 'object??' for extra details.
46
47 hdf=5D. SD(FILE_NAME) In [1]:
48 except:
49 print('Unable to open file: \n' + FILE_NAME + '\n Skipping..."')
50 continue
51
52
53 lat = hdf.select('Latitude')
54 latitude = latl[:]
55 min_lat=latitude.min()
56 max_lat=latitude.max()
57 lon = hdf.select('Longitude')
58 longitude = lon[:]
59 min_lon=1longitude.min()
60 max_lon=1longitude.max()
61
62
63 try:
64 sds=hdf.select(SDS_NAME)
65 except: . e ————
print('Sorrv. vour MODIS hdf file does not contain the SDS:'.SDS NAME.'. Please trv aaz Python console History log
Run file Permissions: RW End-of-lines: CR Encoding: ASCII Line: 51 Column: 3 Memory: 67 %
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Ejecucion y Producto Output

In [1]: runfile('/Users/gupta/Desktop/CA_TRN/read_and_map_mod_aerosol.py', wdir='/Users/gupta/Desktop/
CA_TRN')

Would you like to process
MYD@4_L2.A2017249.1925.006.2017250160408.hdf

(Y/N)"y"
This is a 1@km MODIS file. Here is some information:
('\nThe valid range of values is: ', -0.1, ' to ', 5.0, '\nThe average is: ', ©.178, '\nThe standard

deviation is: ', 0.23)
('The range of latitude in this file is: ', 27.187273, ' to ', 48.299458, 'degrees \nThe range of
longitude in this file is: ', -111.39777, ' to ', -80.255447, ' degrees')

7 .
Estadisticas . _
Would you like to create a map of this data? Please enter Y or N

d el AO D /Users/pgupta3/python/anaconda/1lib/python2.7/site-packages/mpl_toolkits/basemap/__init__.py:3413:
MatplotlibDeprecationWarning: The ishold function was deprecated in version 2.0.
b = ax.ishold()
/Users/pgupta3/python/anaconda/1lib/python2.7/site-packages/mpl_toolkits/basemap/__init__.py:3422:
MatplotlibDeprecationWarning: axes.hold is deprecated.
See the API Changes document (http://matplotlib.org/api/api_changes.html)
for more details.
ax.hold(b)

MYDO04_L2.A2017249.1925.006.2017250160408
AOD_550_Dark_Target_Deep_Blue_Combined

" S | P -
\ ) ra| | s
45°N uﬁlﬁ%;
2 < 150
L
20°N 125
1,005
35°N = 075 o MOpO del AOD
| 050 - .
(W producido
i Al el i Yoo
110°W 105°W 100°W  95°W 85°W

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

Cambie de Escala Cromatica

gata=gata.astypelTLoat}
datal[data == fv] = np.nan

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

m = Basemap(projection='cyl', resolution='1l"', llcrnrlat=min_lat, urcrnrlat = max_lat, llcrnrlon=min_1lon,
m.drawcoastlines(linewidth=0.5)

m.drawparallels(np.arange(-90., 120., 5.), labels=[1, @, @, @])
m.drawmeridians(np.arange(-18@., 181., 5.), labels=[@, @, @, 1])
x, y = m(longitude, latitude)

m.pcolormesh(x, y, dataxscale_factor, cmap=plt.cm.jet)
plt.autoscale()

cb = m.colorbéf()

cb;set_label('AOD')

(png, pdi)

Miscellaneous colormaps

tera
oot _vern
N
e
S
conerei IR
e
rev [
gist_rainbow [T
ramoou I
e
rpy_spectrl
gist_ncar [ ) 1

hitps://matplotlib.org/examples

/color/colormaps reference.ht
ml
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for

Cambie de SDS

FILE_NAME in fileList:
FILE_NAME=FILE_NAME.strip()
user_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)')

if(user_input == 'N' or user_input == 'n')
continue

else:
if '3K' in FILE_NAME:

print('This is a 3km MODIS file. Here is some information: ')
SDS_NAME="'0Optical_Depth_Land_And_Ocean'

elif 'L2' in FILE_NAME: 3 bove bu Ok J0D1
print('This is a 1@0km MODIS file. Here is some information: ')
SDS_NAME="'AOD_550_Dark_Target_Deep_Blue_Combined'

else: K 1 ) ) ) } . :
print('The file :',FILE_NAME, ' is not a valid MODIS file (Or is named incorrectly). \n')
continue

try:
hdf=SD.SD(FILE_NAME)

except:
print('Unable to open file: \n' + FILE_NAME + '\n Skipping...')
continue
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Aplicaciones

« Este es un ejemplar de un cdédigo para leer y mapear los datos de aerosoles de
MODIS de Nivel 2

« Se puede modificar el codigo para diferentes necesidades cartograficas

« Los usuarios pueden crear mapas diarios del AOD sobre ciertas regiones y
comenzar a analizar cambios a través del fiempo

« Los mapas del AOD también pueden ayudar a identificar regiones con niveles de
contaminacion elevados

Ejemplo: 14 de mayo de 2007

15 de mayo de 200

-92 -84 80 -76 92 -88 80 - )

Valores elevados del
AOD por causa del
humo concuerdan
estfrechamente con
monitores en la
superficie (circulos).
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Extraiga el AOD de una Estacion Superficial



Extraiga los Valores del AOD en un Lugar Indicado
read_mod_aerosol_at_a_location.py

 Proposito: leer un
archivo de datos de
MODIS de nivel 2 en
formato HDF y extraer
los valores del AOD en
una ubicacion en la
superficie indicada

« El codigo sirve para
productos de 10 kmy
3 km

NASA's Applied Remote Sensing Training Program

[ python File Edit Search Source Run Debug Consoles Projects Tools View Help

D & KA < I 100% @B Wed12:51PM Gupta Q i=

ece
DeRxEQ0 rBBEGCE N

Spyder (Python 2.7)

'.EEE» . ﬂxfﬁ (‘ ') /Users/gupta

s 4

5 Disclaimer: The code is for demonstration purposes only. Users are responsible to check for accuracy and r
6

7 Author: Justin Roberts-Pierel, 2015

8 Organization: NASA ARSET

9 Purpose: To view info about a variety of SDS from a MODIS HDF4 file (or series of files) both generally ar
10

13 101

16 from pyhdf import SD
17 import numpy as np

18

19

20 try:

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

22 except:

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

24 sys.exit()

25

26

27 for FILE_NAME in filelList:

28 FILE_NAME=FILE_NAME.strip()

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

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

31 continue

32 else:

33 if '3K' in FILE_NAME:

34 userInput=int(input('Which SDS would you like to view? (Type the number and press enter) \n(
35 while userInput not in {1,2,3,4}:

36 print('Please try again.')

37 userInput=int(input('Which SDS would you like to view? (Type the number and press enter)
38

39 dataFields=dict([(1, 'Optical_Depth_Land_And_Ocean'), (2, 'Land_Ocean_Quality_Flag'),(3,'Image_(
40 elif 'L2' in FILE_NAME:

41 userInput=int(input('Which SDS would you like to view? (Type the number and press enter) \n(:
42 while userInput not in {1,2,3}:

43 print('Please try again.')

44 userInput=int(input('Which SDS would you like to view? (Type the number and press enter)
45 dataFields=dict([(1, 'Deep_Blue_Aerosol_Optical_Depth_550_Land'), (2, 'AOD_550_Dark_Target_Deep_
46 SDS_NAME=dataFields [int(userInput)]

47 try:

48

49 hdf=SD. SD(FILE_NAME)

50 except:

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

52 continue

53

o0 Editor o0 IPython console
=, |0 read_mod_aerosol_at_a_location.py‘|® untitled0.py | &0 {0 Console 3/A | IK-%
1 degrees')
211
3 Module: read_mod_aerosol_at_a_location.py
4 == = ——=——==—=======—==—===-====== === Please enter the latitude you would like to analyze (Deg. N): 40.0

Please enter the longitude you would like to analyze (Deg. E): -90.5

('\nThe nearest pixel to your entered location is at: \nLatitude:',6 40.030121, '
Longitude:', -90.550514)

('The value of ', 'AOD_550_Dark_Target_Deep_Blue_Combined', 'at this pixel is',
-9999L, ', (No Value)\n')

There are no valid pixels in a 3x3 grid centered at your entered location.
There are no valid pixels in a 5x5 grid centered at your entered location.

Would you like to process
MYD@4_L2.A2017249.1930.006.2017250160703.hdf

(Y/N)"y"

Which SDS would you like to view? (Type the number and press enter)
(1) Deep_Blue_Aerosol_Optical_Depth_550_Land

(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, '
degrees')

Please enter the latitude you would like to analyze (Deg. N): 49.5

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_55@_Land', 'at this pixel is
0.171)

('\nThere', ‘'are', 9, 'valid', 'pixels', 'in a 3x3 grid centered at your entered
location. ')

('\nThe average value in this grid is: ', @.197, ' \nThe median value in this grid
is: ', ©.171, '\nThe standard deviation in this grid is: ', ©.075)

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

('The average value in this grid is: ', @.2@4, ' \nThe median value in this grid
is: ', 0.201, '\nThe standard deviation in this grid is: ', 0.077)

Would you like to process
MYD@4_L2.A2017249.2105.006.2017250160535.hdf

(Y/N)
Python console File explorer Help Variable explorer

Permissions: RW

End-of-lines: CR Encoding: ASCII Line: 1 Column: 1 Memory: 57 %
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EjeCUCién y PrOdUC'l'o Would you like to process

MYD@4_L2.A2017249.1930.006.2017250160703.hdf

(1AVALI (Y/N) "y
Teclee “Y" para procesare——

. TINLE Which SDS would you like to view? (Type the number and press enter)
(]f(:f\h/(), PJ F)(]r(] SC]”(]F (1) Deep_Blue_Aerosol_Optical_Depth_550_Land

(2) AOD_550_Dark_Target_Deep_Blue_Combined

1 ___——————“‘4’ (3) AOD_550_Dark_Target_Deep_Blue_Combined_QA_Flag
Seleccione SDS 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, '

degrees')
. s Please enter the latitude you would like to analyze (Deg. N): 49.5
Lat. y Lon. de |la estacion
Please enter the longitude you would like to analyze (Deg. E): -100.5

7~ ('\nThe nearest pixel to your entered location is at: \nLatitude:',6 49.482555, ' 7
Longitude:', -100.51669)

('The value of ', 'Deep_Blue_Aerosol_Optical_Depth_55@_Land', 'at this pixel is ',
0.171)

('\nThere', 'are', 9, 'valid', 'pixels', 'in a 3x3 grid centered at your entered

location.')
PrOdUCfOS < ('\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)

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

XX X X _X_ X| X ('The average value in this grid is: ', ©0.204, ' \nThe median value in this grid

XIXIX X X[ X X \_ is: ', ©.201, '\nThe standard deviation in this grid is: ', 0.077) Y,

x Ix | x ® x| x| x

XXX X _X] X] X Would you like to process

XXX X X X} X MYDO4_L2.A2017249.2105.006.2017250160535.hdf

X X X X X X X

(Y/N)
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Editando el Cédigo - Cambie de SDS

s through all files listed in the text file
ILE_NAME in filelList:
"ILE_NAME=FILE_NAME.strip()
1ser_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)')
if(user_input == 'N' or user_input == 'n'}):

continue
rlse:

3 3km MODIS file

not choose one of the opt ions

if '3K' in FILE_NAME: #then this 1is
userInput-lnt(lnput( Which SDS would you like to v1ew7 (Type the number and press enter) \n(1) Optical_Depth_Land_And_Ocean \n(2.

1f the usern does

while userInput not in {1,2,3,4}:#repeats the questio
print('Please try agaln.‘)
userInput—lnt(lnput( Which SDS would you like to view? (Type the number and press enter) \n(1) Optical_Depth_Land_And_Ocean

1ary to oose the SDS indicated by the user

#lUses a Python dictic C
dataFlelds-dlct([(l 0pt1ca1 Depth Land_And_Ocean'), (2, 'Land_Ocean_Quality_Flag'), (3, 'Image_Optical_Depth_Land_And_Ocean'),(4,"'L:

e but for 10km MODIS file

elif 'L2' in FILE_NAME:#Same as above
userInput=int(input( Which SDS would you like to view? (Type the number and press enter) \n(1l) 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(1l) Deep_Blue_Aerosol_Optical_Dep
dataFields=dict([(1, 'Deep_Blue_Aerosol Optlcal Depth_550_Land'), (2, 'AOD_550_Dark_Target_Deep_Blue_Combined'), (3, 'AOD_550_Dark_Tai

the sds to read

SDS NAME-dataFlelds[1nt(userInput)] # The name of

try:
¥ open the hdf file for reading
hdf=SD.SD(FILE_NAME)

except:
print('Unable to open file: \n' + FILE_NAME + '\n Skipping..."')
continue
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Editando el Cédigo - Cambie los Cdlculos del AOD

if x < 1:

x+=1
if x > data.shape[08]-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 == @:
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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Aplicaciones

Validacion del AOD por Relacidn AOD-PM, s Andlisis de Series

Satélite Temporales
3 / 2.0 [mopis AoT = 01008 x PM2.5 + 0.149 : -
y - 0'939x . 0‘059 / R = 0.96 Terra Aqua
/4 ® 4 HongKong 12]
B / E 16 B § o A Sydney — .
3 ® A Switzerland g
74 0 e 4 Delhi @ 09 ' |
= 2 - / e 2 A NewYork ! |
o Vs il ¥ B LGB e 3 5 | '
< = R s 3 n 06 ’ ‘ | |
g ° B s x & / ) § | | | i H
< QB L2 By 7 03| : (i Vl il .
g 1 . - @ e et o AT 8 IRRETL Tl (Y iR
e o ° Y 8 \ Igil - . L i |'I| |'*- "! ‘ ,"’ |||.]=| Hm.‘l' | “' I!|!r
] = 0.4 el 3 ) 7 Jan00 Jan01 Jan02 Jan03 Jan04 Jan05 Jan06
. 00 ol [l 1 1 1 1 1
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0 1 2 3 PM2.5(24 Hrs) in pugm™
AERONET AOT
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Convierta las Variables del HDF en CSV



Convierta variables de un HDF Nivel 2 de MODIS en un Archivo CSV

read_mod_aerosol_and_dump_ascii.py

@ Terminal Shell Edit View Window Help

P & B < [0 100%@ Wed12:55PM Gupta Q =

* Proposito: leer un archivo

D=7 =E Q0 P@@c‘ NlC:rEgE»- EX}F /Users/gupta v B P
de dO-I-OS de MOD' S de ;ﬁb read_mod_aerosol_and_dump_ascii.py‘0 untitlezﬂ.:'Ilor -3 &sz Console 4/A ‘ S &

5
2
3 Module: read_mod_aerosol_and_dump_ascii.py
4

Nivel 2 en formato HDF y
convertir ciertos SDSs en
un archivo csv (texto e

16 from pyhdf import SD
17 import numpy as np

« El coddigo funciona s

20 import sys

5 Disclaimer: The code is for demonstration purposes only. Users are responsible to check for
6

7 Author: Justin Roberts-Pierel, 2015

8 Organization: NASA ARSET

9 Purpose: To save a MODIS HDF4 file (or series of files) in ASCII format, saving time, lat,

this module for more information.

Python 2.7.13 |Anaconda 4.4.0 (x86_64)| (default, Dec 20 2016, 23:05:08)
Type "copyright", "credits" or "license" for more information.

IPython 5.3.@ —- An enhanced Interactive Python.
? -> Introduction and overview of IPython's features.
squickref -> Quick reference.

help -> Python's own help system.
object? -> Details about 'object', use 'object??' for extra details.
In [1]: runfile('/Users/gupta/Desktop/CA_TRN/read_mod_aerosol_and_dump_ascii.py', wdir='/Users/

gupta/Desktop/CA_TRN')
Would you like to process
MYDO4_L2.A2017249.1925.006.2017250160408.hdf

(Y/N)"Y"
This is a 1@km MODIS file. Saving...

21 Would you like to process
O rO ro d U C 'I'OS d e .| O 22 MYDO4_L2.A2017249.1930.006.2017250160703.hdf

3 try:

p p 24 fileList=open('fileList. r') (Y/N)"Y"
25 except: This is a 1@km MODIS file. Saving...
26 print('Did not find a text file containing file names (perhaps name does not match)')

I I l I I I 27 sys.exit()
28 Would you like to process
29 MYD@4_L2.A2017249.2105.006.2017250160535.hdf
30 for FILE_NAME in filelList:
31 FILE_NAME=FILE_NAME.strip() (Y/N)"y"
32 user_input=input('\nWould you like to process\n' + FILE_NAME + '\n\n(Y/N)') This is a 1@km MODIS file. Saving...
33 if(user_input == 'N' or user_input == 'n'):
34 continue All valid files have been saved successfully.
35 else:
36 if '3K' in FILE_NAME: In [2]:
i print('This is a 3km MODIS file. Saving... ')
38
39 dataFields=dict([(1,'Optical_Depth_Land_And_Ocean'), (2, 'Image_Optical_Depth_Lz
40
41 elif 'L2' in FILE_NAME:
42 print('This is a 1@km MODIS file. Saving... '
43 dataFields=dict([(1, 'Deep_Blue_Aerosol_Optical_Depth_550_Land'), (2, 'AOD_550_Dz
44 else:
45 print('The file :',FILE_NAME, is not a valid MODIS file (or is named incorre
46 continue
47 try:
48
49 hdf=5D.SD(FILE_NAME)
50 except:
51 print('Unable to open file: \n' + FILE_NAME + '\n Skipping...')
52 continue
53 IPython console Python console File explorer Help Variable explorer
Permissions: RW End-of-lines: CR Encoding: ASCII Line: 1 Column: 1 Memory: 63 %
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Producto

@ @ | MYDO04_L2.A2017249.1925.006.2017250160408.txt v

lvear,Month,Day,Hour,Minute,Second, Latitude,Longitude,Deep_Blue_Aerosol Optical_Depth 550_Land,A0D_550_Dark_Taraet_Deep Blue Combined,AOD_550_Dark_Taraet Deep_Blue Combined QA_Flag
2017.0,9.0,6.0,19.0,25.0,9.0,30.4542312622,-80.2554473877,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.4285384039,-80.7235641479,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.4032402039,-81.1592407227,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.3782196045,-81.5666427612,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.3535690308, -81.9493026733,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.329334259,-82.3036008301,-9999.0,-9993.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.3055496216,-82.6497421265,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.2822036743,-82.9720306396,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.2592868805,-83. 2782287598, -9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.2367897034,-83.5693691772,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.2147369385,-83.8481216431,-9999.0,-9999.0,0.0 , .
2017.0,9.0,6.0,19.0,25.0,9.0,30.1930789948,-84.1143035889,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.1718177795,-84.3694152832,0.322000015294,-9939.0,0.0 ESTe COd Igo CreO U n
2017.0,9.0,6.0,19.0,25.0,9.0,30.1509361267,-84.6143875122,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.1304397583,-84.8497695923,-9999.0,-9999.0,0.0 .
2017.0,9.0,6.0,19.0,25.0,9.0,30.1103076935,-85.0764007568,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,30.0905189514, -85. 2943752808, -9999.0,-9999.0,0.0 Orc IVO ,CSV, e CUO Se
2017.0,9.0,6.0,19.0,25.0,9.0,30.0710792542,-85.5059127808, 0. 496000023559, -9939.0,0.0

2017.9,9.0,6.0,19.0,25.0,9.0,30.0519447327,-85.7100372314,-9999.0,-9999.0,0.0 .
2017.0,9.0,6.0,19.0,25.0,9.0,30.0331192017,-85.9076538086,-9999.0,-9999.0,0.0 Uede O brlr Con Excel
2017.0,9.0,6.0,19.0,25.0,9.0,30.0145874023,-86.0991973877,-9999.0,-9999.0,0.0 F:) ’
2017.0,9.0,6.0,19.0,25.0,9.0,29.9963378906, -86. 2850646973, -9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.9783554077,-86.4656219482,-9999.0,-9999.0,0.0 .
2017.0,9.0,6.0,19.0,25.0,9.0,29.9606361389,-86.6411895752,-9999.0,-9999.0,0.0 U n ed ITor de 'I'ex'l'o U O'I'ros
2017.0,9.0,6.0,19.0,25.0,9.0,29.9431610107,-86.8120880127,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.9259204865,-86.9785919189,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.9089050293,-87. 1409683228, -9999.0,-9999.0,0.0 J4 .
2017.0,9.0,6.0,19.0,25.0,9.0,29.8921031952,-87.2994613647,-9999.0,-9999.0,0.0 Codl OS O SO'I:'I'WO re
2017.0,9.0,6.0,19.0,25.0,9.0,29.87550354, -87.4542999268,-3999.0,-9999.0, 0.

2017.0,9.0,6.0,19.0,25.0,9.0,29.8500984344,-87.6056747437,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.8428764343,-87.7537918091,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.8268318176,-87.8988342285,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.8109512329,-88.040377478,-9999. 0, 0. 483000022941,1.0
2017.0,9.0,6.0,19.0,25.0,9.0,29.7952270508, -88. 1803741455, -9993.0,0. 537000025506, 3.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.7796516418,-88.3171691895,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.7642173767,-88.4515228271,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.7489128113,-88.5835418701,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.7337341309, -88. 7133789062, -9993.0,0.523000024841,1.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.7186717987,-88.8411331177,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.7037162781,-88.9669265747,-9993.0,0.400000018999,1.0

2017.0,9.0,6.0,19.0,25.0,9.0,29. 688867569, -89. 0908660883, -9999.0,-9993.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.6741104126,-89.2130584717,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.6594429016,-89. 3335876465,-9999.0,-9999.0,0.0

2017.9,9.0,6.0,19.0,25.0,9.0,29.6448535919,-89.452545166,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.6303424835,-89.5700378418,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.6158343176,-89.6861343384,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.6015090942, -89. 8003262085 ,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.587179184,-89.9144897461,-9999.0,-9993.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.5728931427,-90.0263012451,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.5586509705,-90. 1382369995, -9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.5444412231,-90.248550415,-9999.0,-9993.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.5302619934,-90.3579177856,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.5161094666,-90. 4663772583, -9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.5019721985,-90.5740280151,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.4878482819,-90.6808853149,-9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.4737319946,-90. 7870483398, -9999.0,-9999.0,0.0

2017.0,9.0,6.0,19.0,25.0,9.0,29.4596118927,-90. 8925476074 ,-9999.0,-9999.0,0.0

2017 A QA ARA 1A P25 A QA 20 A4454R41A14 -QA QQT745Q411A -QQQQ A -QQQQ A A A
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Editando el Codigo

21

22

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()

Cambie el SDS 25 h all file
de la lista a que 31 ILE NAMESFILE NANE, strip()
seqa escrito como

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'):

34 continue
un producto else: |
3 if '3K' in FILE_NAME: 3 3km |
37 print('This is a 3km MODIS file. Saving... ')
38 I\ ; ' L . ) 1SCI] ) O )
39 dataFields=dict([(1, 'Optical_Depth_Land_And_Ocean'), (2, 'Image_Optical_Depth_Lz
40 . ' read
41 elif 'L2' in FILE_NAME: , )s above bu 1O
42 print('This is a 10km MODIS file. Saving... ')
43 dataFields=dict([(1, 'Deep_Blue_Aerosol_Optical_Depth_550_Land"'), (2, 'AOD_550_Dz
44 else:
45 print('The file :',FILE_NAME, ' is not a valid MODIS file (or is named incorre
46 continue
47 try:
48 )
49 hdf=SD.SD(FILE_NAME)
50 except:
o print('Unable to open file: \n' + FILE_NAME + '\n Skipping...')
52 continue
53
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Aplicaciones

. Este es un ejemplar de un cdédigo para leer y extraer los datos de aerosoles de
MODIS de Nivel 2

« Se puede modificar el codigo para extraer multiples SDSs en un solo archivo .csv

« Se puede modificar el codigo faciimente para extraer datos sobre una region en
particular

 El archivo producido se puede abrir en Excel o cualquier ofra herramienta para
analizar datos
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Cree Mapas de la Calidad del Aire



Cree un Mapa de la Calidad del Aire

read_aod_and_calculate_pm25.py

 Proposito: leer un archivo
de datos de aerosoles de
MODIS de nivel 2 en
formato HDF y crear un
mapa de categorias de
calidad del aire usando la
relacion entre el AOD y
PM2.5

« El codigo sirve para
productos de 10 kmy 3 km

NASA's Applied Remote Sensing Training Program

@& python File Edit Search Source Run Debug Consoles Projects Tools View Help JD ® A < 0 100%@ Wed12:59PM Gupta Q =
[ ] [ ] Spyder (Python 2.7)
.DE[E"‘E@.P@ac‘.ﬂl‘:reuz».vﬂxzf’.(--)/UserS/gupta pE 4
o0 Editor 00 IPythen conscle
Q|0 read_aod_and_caIculate_pm25.py]0 untitled2.py | Q Q‘e Console 5/A I | | Q
1
2

3 Module: pm25_modis.py

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

own s

7 Author: Justin Roberts-Pierel, 2015

8 Organization: NASA ARSET

9 Purpose: To extract AOD data from a MODIS HDF4 file (or series of files), calculate PM 2.5
10

11 See the README associated with
12
3'"

14

15

16 from pyhdf import SD

17 import numpy as np

18 import sys

19 from mpl_toolkits.basemap import Basemap

20 import matplotlib.pyplot as plt

21 from matplotlib.colors import LinearSegmentedColormap

this module for more information.

22

23

24 try:

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

26 except:

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

29

30

31 for FILE_NAME in filelList:

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

36 else:

37 if '3K' in FILE_NAME:

38 print('This is a 3km MODIS file. Here is some information: ')
39 SDS_NAME='0ptical_Depth_Land_And_Ocean'

40 elif 'L2' in FILE_NAME:

41 print('This is a 10km MODIS file. Here is some information: ')
42 SDS_NAME="'A0D_550_Dark_Target_Deep_Blue_Combined’

43 else:

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

46 try:

47

48 hdf=SD.SD(FILE_NAME)

49 except:

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

52

R SRR Y

Would you like to process
MYD@4_L2.A2017249.1925.006.2017250160408.hdf

(Y/N)"y"

This is a 1@km MODIS file. Here is some information:

('\nThe valid range of values is: ', -8.1, ' to ', 5.9, '\nThe average is:
standard deviation is: ', 0.23)

('The range of latitude in this file is: ', 27.187273, ' to ', 48.299458, 'degrees \nThe range of
longitude in this file is: ', -111.39777, ' to ', -80.255447, ' degrees')

', 0.178, '\nThe

Would you like to enter a slope and intercept for PM 2.5 calculation?"N"

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

yn
/Users/pgupta3/python/anaconda/lib/python2.7/site-packages/mpl_toolkits/basemap/__init__.py:3413:
MatplotlibDeprecationWarning: The ishold function was deprecated in version 2.0.

b = ax.ishold()
/Users/pgupta3/python/anaconda/lib/python2.7/site-packages/mpl_toolkits/basemap/__init__.py:3422:
MatplotlibDeprecationWarning: axes.hold is deprecated.

See the API Changes document (http://matplotlib.org/api/api_changes.html)

for more details.
ax.hold(b)

MYDO04_L2.A2017249.1925.006.2017250160408

PN R -
Hazardous
45°N
Very Unhealthy
% - >
0PN Unhealthy S,
o
o
Unhealthy for Y
35°N Sensitive Groupsg
Moderate
30°N v
| h ) Good
: z : ouTpu
10°W  105°W  100°W  95°W 90°W 85°W

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

ny

Python console File explorer Help Variable explorer

Permissions: RW End-of-lines: CRLF Encoding: ASCII Line: 1 Column: 1 Memory: 66 %
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Cree un Mapa de la Calidad del Aire

read_aod_and_calculate_pm25.py

Advertencia: Este es sélo un
ejemplar de un codigo. La
relacion AOD-PM2.5 por
defecto que se usa aqui es la
relacion supuesta sobre EEUU.

Los usuarios de este codigo
tienen la responsabilidad de
verificar la validez de esta
relacion y se les recomienda
utilizar relaciones locales
para visualizar la Calidad del
Aire en diferentes partes del
mundo.

NASA's Applied Remote Sensing Training Program

8 Organization: NASA ARSET
9 Purpose: To extract AOD data from a MODIS HDF4 file (or series of files), calculate PM 2.5

-
15

11 See the README associated with this module for more information.
12
13 '’

14

15

16 from pyhdf import SD

17 import numpy as np

18 import sys

19 from mpl_toolkits.basemap import Basemap

20 import matplotlib.pyplot as plt

21 from matplotlib.colors import LinearSegmentedColormap

22

23

24 try:

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

26 except:

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

29

0
31 for FILE_NAME in filelList:

3 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

36 else:

37 if '3K' in FILE_NAME:

38 print('This is a 3km MODIS file. Here is some information: ')

39 SDS_NAME="0ptical_Depth_Land_And_Ocean'

40 elif 'L2' in FILE_NAME:

41 print('This is a 10km MODIS file. Here is some information: ')

42 SDS_NAME="'A0D_550_Dark_Target_Deep_Blue_Combined’

43 else: |
44 print('The file :',FILE_NAME, ' is not a valid MODIS file (Or is named incorre
45 continue

46 try:

47

48 hdf=SD.SD(FILE_NAME)

49 except:

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

52

53

R SRR Y

@ python File Edit Search Source Run Debug Consoles Projects Tools View Help D & B < 0 100%@a Wed12:59PM Gupta Q =

[ ] O Spyder (Python 2.7)
g O I g . . — . g
:D=%-@:’gac‘:’““eﬁ—».:ﬂxg":(")IUserSIgupta uE 4
o0 Editor o0 IPythen conscle
Q I° read_aod_and_caIculate_pmzs.py]o untitled2.py | -3 I:[e Console 5/A J | IE-%

2'" Would you like to process

i Module: pm25_modis.py MYD@4_L2.A2017249.1925.006.2017250160408.hdf

5 Disclaimer: The code is for demonstration purposes only. Users are responsible to check for (Y/N)"Y"

6 This is a 1@km MODIS file. Here is some information:

7 Author: Justin Roberts-Pierel, 2015 ('\nThe valid range of values is: ', -0.1, ' to ', 5.@, '\nThe average is: ', 0.178, '\nThe

standard deviation is: ', 0.23)
('The range of latitude in this file is: ', 27.187273, ' to ', 48.299458, 'degrees \nThe range of
longitude in this file is: ', -111.39777, ' to ', -8@.255447, ' degrees')

Would you like to enter a slope and intercept for PM 2.5 calculation?"N"

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

/Users/pgupta3/python/anaconda/lib/python2.7/site-packages/mpl_toolkits/basemap/__init__.py:3413:
MatplotlibDeprecationWarning: The ishold function was deprecated in version 2.0.

b = ax.ishold()
/Users/pgupta3/python/anaconda/lib/python2.7/site-packages/mpl_toolkits/basemap/__init__.py:3422:
MatplotlibDeprecationWarning: axes.hold is deprecated.

See the API Changes document (http://matplotlib.org/api/api_changes.html)
for more details.

ax.hold(b)

MYDO04_L2.A2017249.1925.006.2017250160408

PN R -
Hazardous
45°N
Very Unhealthy
- z
A0°N [ Unhealthy s
o
"
Unhealthy for &
350N Sensitive Groupsg
Moderate
30°N
Good
I
10°W  105°W  100°W  95°W 90°W 85°W

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

ny

Masdad seans 1ilen sa

Uziuluieaaiata  Python console  File explorer  Help

Variable explorer

Permissions: RW End-of-lines: CRLF Encoding: ASCII Line: 1

Column: 1 Memory: 66 %
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Editando el Codigo - Cambie el SDS

El usuario
puede
cambiar el
SDS del AOD
a ser usado

en el cdalculo
del PM2.5

30

31 for FILE_NAME in filelist:

NASA's Applied Remote Sensing Training Program

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

36 else:

37 if '3K' in FILE_NAME:

38 print('This is a 3km MODIS file. Here is some information: ')

39 SDS_NAME='0Optical_Depth_Land_And_Ocean'

40 elif 'L2' in FILE_NAME:

4] = print('This is a 10km MODIS file. Here is some information: ')

42 SDS_NAME="'A0D_550_Dark_Target_Deep_Blue_Combined'

43 else: J
44 print('The file :',FILE_NAME, ' is not a valid MODIS file (Or is named incorrectly). \n')
45 continue

46 try:

47

48 hdf=5D.SD(FILE_NAME)

49 except:

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

51 continue

52



Editando el Codigo: Cambie la Relacion AOD-PM, : y el AQI

El codigo usa

PM, s = Slope * AOD + Intercept
como la ecuacion de regresion
lineal para calcular PM, ; a partir
del AOD
El codigo utiliza la definicion de
la Administracion de Proteccion
Ambiental de EEUU de

categorias de calidad del aire @
base de PM, s

Calculador del AQ:
https://airnow.gov/index.ctm?@
action=airnow.calculator
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104
105 slope=29.4
———Aﬁé”"' intercept=8.8
107 valid_data=dataxscale_factor

98

99 user_input=input('\nWould you like to enter a slope and intercept for PM 2.5 calculation?')
100 if user_input == 'Y' or user_input == 'y':

101 slope=input('Please enter a slope: ')

102 intercept=input('Please enter an intercept: ')

1803 else:

Cambie el “slope”

(pendiente) vy el
}gg pm25=float(slope)*valid_data+float(intercept) Hin.l.ercep.l.!!

110
111
preprogramados
113 is_map=input('\nWould you like to create a map of this d
114
115 if is_map == 'Y' or is_map == 'y':
116
117 data=pm25.astype(float)
118 datalnp.logical_and(data>=0,data <= 12)]=0 .
119 datalnp.logical_and(data>12,data <= 35.4)]=1 Cgmble |GS
120 data[np.logical_and(data>35.4,data <= 55.4)]=2
datalnp.logical_and(data>55.4,data <= 150.4)]=3 4
2 datalnp: logical and(datan150.4,data <= 250.4)14 categorias de
123 data[data>250.4]=5
124 datal[data < @] = np.nan |'d d d | 1
125 cdaidaa el alre
126 data = np.ma.masked_array(data, np.isnan(data))
127 m = Basemap(projection='cyl', resolution='1', llcrnrlat=min_lat, urcrnrlat = max_lat, llcrnrlon=min_lon,
128 m.drawcoastlines(linewidth=0.5)
129 m.drawparallels(np.arange(-90., 120., 5.), labels=[1, @, @, @])
130 m.drawmeridians(np.arange(-180., 181., 5.), labels=[0, @, 0, 1])
131 X, y = m(longitude, latitude)
132 my_cmap=LinearSegmentedColormap. from_list( 'mycmap', ['green’','yellow','orange','red', 'purple’,’'brown'],6
133 m.pcolormesh(x, y, data,cmap=my_cmap)
134 plt.clim(0,6)
135
136 ¢b = m.colorbar()
137 cb.set_label('AQI Category')
138 cb.set_ticks([.5, 1.5,2.5,3.5,4.5,5.5])
139 cb.set_ticklabels(['Good', 'Moderate', 'Unhealthy for \nSensitive |Groups', 'Unhealthy', 'Very Unhealthy',’
140



Aplicacion: Convierta el AOD en PM, . y Mapas de la Calidad del Aire

0.00 5 (.20 0.40 Q.60
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Aplicacion - Compare Mapas Satelitales con Mapas Superficiales

MODO04_L2.A2011173.1545.006.2015053121244
PM 2.5

Hazardous

Very Unhealthy

35°N

Unhealthy

AQI Category

Unhealthy fo
Sensitive Groups

30°N

Moderate

25°N

Generated: 2011-06-2201:51:342
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Preguntas



