Intfroduction to Remote Sensing of Air Quality

Data Analysis Tools for High Resolution Air Quality Satellite Datasets
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Learning Objectives

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

» outline aerosol and trace gas products

« identify potential applications for air quality monitoring
« describe tools to read and map datasets
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Air Pollution Monitoring

Ground
Measurements

Alr & Space

Observations Models
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Why use satellite datae



What can we learn from true color imagery?

oerosols
o\=Idlelale

oerosols over
the ocean

Terra (MODIS) image, April 19, 2013
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Radiance to Geophysical Parameter

Physics, a
Satellite priori
Observations information,

(Spectral assumpftions,

Nole[le]glels) and much
more
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Geophysical
Parameters
(e.g. AOD)




Aerosols from Satellites

» Several satellites provide state-of-the-art aerosol measurements globally, on a daily

basis
Aerosol Optical Thickness (Aqua MODIS)
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AERONET

hitp://aeronet.gsfc.nasa.gov/

A

considered ground truth and are used to validate satellite
aerosol retrievals
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MODIS Aerosol Validation
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Applications



Satellite vs. Ground Observation

10 km? vertical column
measurement

Surface Layer

Earth’s Surface
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AOD:

e unitless

» column integrated value
 (fop of atmosphere to surface)
» optical measurement of aerosol loading

» a function of shape, size, type, and number
concentration of aerosols

Aerosol Optical
| ep’rh

&

PM, s mass concentration
(ug M3) — dry mass

e - T A S R .
" {g’_h; N g LIS 3 -4 .

PM, s: mass per unit volume
of aerosol particles less
than 2.5 umin
aerodynamic diameter at




Satellite vs. Ground Observation
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Simple Models from

Early Days
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Source (right): Wang et al., 2003 and Chu et al., 2003 (left)
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Application of Satellite Observations
Bushfires in Sydney, Australia

Surface PM, ; AQOD from Satellites
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Measurements: Surface vs. Satellite
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Long Range Transport

Dust from Mongolian Deserts Reaches the U.S.
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Model-Satellite Inter-Comparison

CMAQ Model NO, OMI NO,

i
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OMI Detects NO, Increases from ONG Activities
2005-2014
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NO, Trends Over the United States
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OMI Trends in NO, Correlate Well With Surface Trends

2013
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MODIS Aerosol Product



Optical Depth

The optical depth expresses the quantity
of light removed from a beam by
scattering or/and absorption during its
path through a medium

optical depth t as:

Atmosphere

[=1,e"

m = sec b,

r= z-Rayl T z-aer T Tgas

NASA's Applied Remote Sensing Training Program



MODerate resolution Imaging Speciroradiometer

« 2000 - present

« Spatial Resolution
— 250 m, 500 m, 1T km

* Platform
— Terra & Aqua

 Temporal Resolution

— Daily, 8-day, 16-day, monthly, * Spectral Coverage
quarterly, yearly — 36 bands (major bands include red,
° DCITCI Formg'l' b|Ue, |R, NlR, MlR)
— Hierarchal Data Format — Earth * Bands 1-2: 250 m
Observing System Format (HDF-EOS) * Bands 3-7: 500 m

e Bands 8-36: 1,000 m
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Aerosol Detection

Land
Clouds

Water

Smoke
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Complex Image: Smoke & Clouds
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Radiance to Aerosol Products
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Aerosol Retrieval Algorithm

MODIS Over Land Algorithm
Al procedures agplied to individual boxes 0of 20 x 20 pixels at S00 m resolution {10 kam at nadir)

. . Aerosol retrieval algorithm is a complex
o S sk b e G001 2055 inversion scheme where assumptions are
made in simulating satellite observations
with advance radiative fransfer
ne calculations to refrieve atmospheric
aerosol properties

water, non-cloud, non-
snow/dice pixels with
P23 =0.25and the

visible 20-50% filter
- these are the dark

target pixels.

at least 12 dark target pixels?

Path A - SetQC=3 Path B - Set QC=0
For all identified ‘dark’ pixels, Now collect pixels with p, ,,>025
Calculate mean p, 47 . Poes previously set aside. Count number of
P 047 =025 P 215 P oes 050 P 245 pixels @) wath a
00l p; 15025 f, p )

Continental model LUT [ Tos7 and T, ¢ AND p, ,; <040

ves ‘
Calculate path radiance (p,) at0.47 and 066 ID

Spectial dependence of path radiance s <
distinguishes dust from non-dust. P 047 =025 P 2.43: P oes =00 P 255

I Continental model LUT I—p“o.w
P /p, > 09 f(®)
Sl Ll Output T, Flux and other parameters
=072
EXIT
0.72 <AND <090 f{& » Non-dust " Pure dust
v Mizsd Use geoglaphy to Use dust LUT to make retiieval
! choose non-dust Only IF0.15 < p, 42 <025
Malke dust and non-dust LU',I‘ mval]d ks
Retievals and combine IRine

AN
By weighting with o
Out put T, Flux and other parameters T
k '

Po 0ss / Po a4z

Sources: Remer et al., 2005, Levy et al., 2
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MODIS Aerosol Products

Three Separate Algorithms

Land Ocean
Dark Deep
Target Blue ysed over bright land
surfaces

« The dark target and deep blue products are separate and when both are
available, the user must select which to use

 In collection 6 (and 6.1), there is a joint product that uses an automated
procedure to select the appropriate product
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MODIS Aerosol Products

Two Algorithms

Dark Target

!!! !.!! a.50
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MODIS 10 km vs. 3k m Products

10km

NASA's Applied Remote Sensing Training Program



High Resolution Aerosol Product
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Satellite Aerosol Products

| moDis ________|MISR__________|OMI________|VIRS

« Coverage « Calibration * Indication of « Coverage
« Resolution « Accuracy absorbing or » Resolution
« Calibration » Particle Shape scattering « Calibration
« ACcuracy » Aerosol height for particles « Smaller bow-tie
thick layer or plume effect
VELUGEI « Bright surfaces « Coverage » Resolution » Bright surfaces*
« Ocean glint » Cloud « Ocean glint
« Non-spherical particles contamination
Main Products KW@, « AOD « AOD - AOD
« Ocean-5 wavelengths » 4 wavelengths « AAOD » Aerosol Type
» Land-3 wavelengths » Spherical/Non- » Aerosol Index
 Fine Fraction (Ocean Spherical Ratio
only) » Particle Size (3 bins)
Product * 10 km * 17.6 km * 13x24 km * 0.75km
Resolution « 3km 6 km
Global L3 « Daily * Monthly » Daily » Daily
Aggregates « 8 day * 3 month * Monthly * Monthly
« 30 day « Annudl
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OMI



Ozone Monitoring Instrument (OMI)

* Launched July 15, 2004 * Products

» NASA EOS Aura Satellite — Total Column Og

- Nadir-viewing UV/Visible — Tropospheric Column O,
—270-310 nm at 0.6 nm — Aerosol optical depth (in UV)
— 310 =500 nm at 0.45 nm — Total Column Formaldehyde

— Total Column NO,
— Tropospheric column NO,
— Total Column SO,

1:45 p.m. equatorial crossing time
13x24 km2 at nadir
Daily global coverage
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Data Granule

* Product File
— covers sunlit portion of the orbit with an approx. 2,600 km wide swath
— contains 60 binned pixels or scenes per viewing line

* 14 or 15 granules are produced daily, providing fully contiguous coverage of the
globe

2-dimensional CCD OMI-Aura_L2-OMNO2_2008m0720t2016-021357_v003-2008m0721t101450.he5
Effective cloud fraction NoUnits

e
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Important Information Regarding OMI

« Almost 50% data loss since 2008 (row anomaly effect)

« Affects all OMI products

OMI TO3 L2G: 2006 11 3
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Quantification of Gas Abundances - Units

Satellite Tracer Units

OMI O3, SO, Dobson Units (DU)

OMI NO, Molecules/cm?

1 DU =2.69 x 106 molec/cm?
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References & Links

« ARSET air quality page « OMI data
— hittp://arset.gsfc.nasa.gov/airquality — http://disc.sci.gsfc.nasa.gov/Aura/d
e NASA qir qUO“Ty CITCI—hOldiﬂQS/OMl

— http://airquality.gsfc.nasa.gov

« MODIS ATmos
— http://modis-atmos.gsfc.nasa.qgov/
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Things to do for Session 2



Computer Requirements

* Install Python 2.7 using Anaconda

* Install all required python packages
— Package List (right)

« Test python and package installations
using following python test code

— test_python.py
 Download MODIS Data and Python
Codes on the training website

— hitps://arset.gsfc.nasa.gov/airguality
/webinars/2018-hiresdatasets

 For more detail on the code, visit:
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)

« Python package list:

— pyhdf — martplotlib
— nuMpy — linearSegmented
— svs Colormap
— mpl_toolkits. — hopy
basemap — time
— calendar



Python Test

 Open the spyder editor
inside Anaconda

 Open test_python.py

 Make sure the directory
has the python code
and HDF file

« Open the ipython
console in the spider

* Run the code using the
green arrow on the top

Output should be an
Image as shown

NASA's Applied Remote Sensing Training Program

[ python File Edit Search Source Run Debug Consoles Projects Tools

View Help P & B < [ 100%@ Wed1:58PM Gupta Q =

[ J [ J

N B % iE >
00 Editor
Q IQ test_python.py]

E‘c*’" ::I-EEE» IEX l". (' -) /Users/gupta

Spyder (Python 2.7)
o0 IPython console

*X Ql@ Console 7/A L%

1
20
3 Module: read_and_map_mod_aerosol.py

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.

4
5 Disclaimer: The code is for demonstration purposes only. Users are responsible to check for acc

6
7 Author: Justin Roberts-Pierel, 2015
8 Organization: NASA ARSET

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.

9 Purpose: To extract AOD data from a MODIS HDF4 file (or series of files) and create a map of th

10
11 See the README associated with this module for more information.

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

12
13 '+

16 from pyhdf import SD

17 import numpy as np

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

20 import sys

21 import h5py

22 import time

23 import calendar

24

I 26 FILE_NAME='MYD04_L2.A2017249.2105.006.2017250160535. hdf' I

28 hdf=5D.SD(FILE_NAME)
29

30 lat = hdf.select('Latitude’)

31 latitude = lat[:]

32 min_lat=latitude.min()

33 max_lat=latitude.max()

34 lon = hdf.select('Longitude')

35 longitude = lon[:]

36 min_lon=1longitude.min()

37 max_lon=1longitude.max()

38 SDS_NAME="'Image_Optical_Depth_Land_And_Ocean'
39 sds=hdf.select(SDS_NAME)

40

41 attributes=sds.attributes()

42 scale_factor=attributes['scale_factor']

43

44 range=sds.getrange()

45 min_range=min(range)

46 max_range=max(range)

47

48

49 data=sds.get()

50

51 valid_data=data.ravel()

52 valid_data=[x for x in valid_data if x>=min_range]
53 valid_data=[x for x in valid_data if x<=max_range]

senlid nconmaulunlid daokal

HDF file

/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.A2017249.2105.006.2017250160535
Image_Optical_Depth_Land_And_Ocean

5
50°N

4
45°N |-

3

o
40°N 29
35°N 1

> 0
135°W  130°W 125°W 120°W 115°W 110°W

In [2]:

output

Python console Python console File explorer Help Variable explorer

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

4]




Data Download

« MODIS 10 km, 3 km Aerosol Parameters
* Laadsweb - Earth Data Login

» Select and download data for suggested case studies:

https://arset.gsfc.nasa.gov/sites/default/files/airquality/webinars/ 1 8-
hires/week?2 code data.zip

NASA's Applied Remote Sensing Training Program



Suggest Case MODIS Aerosol Data

 Follow the instructions as outlined in the exercise available on the training
webpage: https.//arset.gsic.nasa.gov/airquality/webinars/2018-hiresdatasets

« Data Details:
— Satellite: MODIS- Aqua
— Product Names: MYDO04_L2 and MYDO04_3K
— Date: 2017/10/08 to 2017/10/09
— Region of interest: -123 Eto -121 E & 36 N 10 39 N
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Questions & Discussion





