onverting AOD to PM, 5. a Statistical Approach
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Satellite Remote Sensing of Dust, Fires, Smoke, and Air Quality, July 10-12, 2018




Objective

* By the end of this exercise, you will be able to

— convert satellite derived aerosol optical depth info surface level PM2.5 mass
concentration using a statistical approach
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Required Data

« PM25 mass concentration from ground monitors

« Satellite-derived aerosol optical depth

 Meteorological fields (only if working with a multi-variable method)
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Converting AOD to PM, ; to AQC
Step 1: Getting Satellite and Surface Data

« Obtain a MODIS AOD data file from a NASA data server for your region, date, and
time of interest

— from an earlier exercise

 To get PM25 for your region:

— For U.S. Data: hito//www.epa.gov/girdaia/ad maps.him!
— Global Air Quality Monitoring System:_ hifp://ggicn.org

— Global open data: atip//openaq.org

— Your own data source or measurements
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https://ladsweb.modaps.eosdis.nasa.gov/
http://www.epa.gov/airdata/ad_maps.html
http://aqicn.org
http://openaq.org

Converting AOD to PM, ; to AQC

Step 2: Collocating Satellite and Surface Data

 Run IDL, Matlab, HDFLook, Python, etc. code to obtain AOD at the location of the
PM2.5 ground monitor

— Python scripts: dttps//arset.asfc.nasa.gov/airgualityv/pvihon-scripts-gerosol-daig-

seismerg-modisand-om|
— IDL code:

.
L]
(] [ [ UISE 1. O (1OSO, OO SN/ UE
§ ) J IMONRO )

13/read mod04 map _aac.zio

(] (] [ ]
O os/Adirqug NOrkshop elaile 0
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https://arset.gsfc.nasa.gov/airquality/python-scripts-aerosol-data-sets-merra-modis-and-omi
http://arset.gsfc.nasa.gov/sites/default/files/airquality/workshops/Santa_Cruz_2013/read_mod04_map_aqc.zip

Converting AOD to PM, ; to AQC

Step 2: Collocating Satellite and Surface Data

Temporal Collocation

Terra MODIS (10:30) Agua MODIS

A Spatial Collocation
( I\j‘l\ju) | Earlwood
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0 4 8 12 16 20 o4 average over 3x3 or 5x5

Hours pixels

pick the PM25 measurement from the
ground closest to satellite overpass time
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Converting AOD to PM, ; to AQC
Step 3: Developing a Relationship Between AOD & PM25

LADCO_exercise - Microsoft Excel non-co
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16 0.13 8
17 0.16 1
18
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20 Slope Aerosol Optical Depth
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Converting AOD to PM, ; to AQC
Step 4: Estimating PM25 from Satellite AOD

) g PM25= AOD * 46.7 +7.13
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In Ideal conditions, two separate
datasets should be used to form the
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Converting AOD to PM, ; to AQC
Step 5: PM2s5 to Air Quality

AQl
Estimated 24-hour avg.

pg/m’

Category

Moderate

TR i 16.5 t0 40.4

Unhealthy for Sensitive Groups
(101 - 150) 40.5t0 654

Unhealthy

(151 - 200) 65.5to 150.4

Very Unhealthy
(201 - 300)

150.5 to 2504

Hazardous
(301 - 500)

Online Tool

J\{e] o1 [T JeCONCENntration to AQI
iy, -
. Select a criteria pollutant and enter the pollutant
@ concentration in the specified units above; the Air
Quality Index and associated information are

calculated below.
AIR QUALITY INDEX

Select a Pollutant
PM2.5 - Particulate <2.5 microns (24hr avg) E]

Units Required: | ug/m3

Enter the Concentration: 15.5 [ Calculate ] [ Reset ]
AQl AQI Category
v 51 | Moderate
Sensitive Groups Health Effects Statements Cautionary Statements
People with [ | None | | None

respiratory or heart
disease, the elderly
and children are the
groups most at risk.

This is based on the U.S. EPA’s definition of AQI, which can be different in other countries
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Converting AOD to PM, ; to AQC
Step 5: PM2s5 to Air Quality
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Creating an Air Quality Category Map
Python/IDL Tool

~ MODIS AOD - 0 X[+~ MODIS PM2.5 Air Quality -0x

pP58.hdf

I
Provide MODIS AOD file, slope, and Ere====

round Monitor: 35
Ground Monitor: -85

intercept to this code — it will Creafe ik

t 0.55 micro meter wavelength

0.373000
m t pixel and ground monitor (km): 3.5535042
O p 5 deg box centered at ground monitor: 0.385333
5x0.5 deg box centered at ground monitor: 9.00000

ntercept to calculate [PM2.5=AOD*slope+Intercept]

tvlict,r,g,b,/get
;agc 205 to 209
r(201:209)=(000,255,000,255,000,255,204,255,2
g(201:209)=[000,255,000,000,255,255,102,000,0

Air Quality category Map from this MODIS AOD image (y/n): Enter Slope Value: 30
Enter Intercept vValue: 5

INO valid AOD Value Found in the File: MOD04_L2.A2011155.1555.051.2011156021058.hdf
% Program caused arithmetic error: Floating illegal operand |

"read_modis_aerosol_at_PM station.pro" 387L, -
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http://arset.gsfc.nasa.gov/airquality/python-scripts-aerosol-data-sets-merra-modis-and-omi
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Multiple Linear Regression Method

PMos=PBo+axt+ ) (PnxMn)

« This method requires AOD, meteorological fields, more data processing, and more
expertise

« Most of the time this produces a more accurate PM2.5 estimation
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Multiple Linear Regression Models
AOD, PM25, and Meteorological Data
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Multiple Linear Regression Method Results

EPM2.5= OPM2.5*0.8823x
R? = 0.8582, R=0.93
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Multiple Linear Regression Method Results
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I CAUTION !

« Regression analysis provides the first approximation of surface PM2.5 mass
concentration and air quality

 Its accuracy depends on fraining data and varies in space and fime
« Careful data quality control, festing, and validation should be performed before
using this method for quantitative analysis

« Works best when the boundary layer is well mixed, there is no significant aerosol
aloft, and in small particle dominated regions
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Existing Data Satellite Based Sets for CONUS
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https://www.star.nesdis.noaa.gov/smcd/spb/aq/
https://www.star.nesdis.noaa.gov/smcd/spb/aq/eidea/
https://asdp.airnowtech.org/about.php
http://fizz.phys.dal.ca/~atmos/martin/?page_id=140
http://alg.umbc.edu/usaq/

