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Objective

* An exercise to convert satellite derived aerosol optical depth
into surface level PM2.5 mass concentration using a

statistical approach
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Exercise 1:

Converting AOD to PM2.5




Required Data

* PM2.5 mass concentration from ground monitors
 Satellite derived aerosol optical depth

* Meteorological Fields — only if working with a multi-variable
method

National Aeronautics and Space Administration Applied Remote Sensing Training Program 4



‘ Correlation Between PM2.5 & AOD

R
0.00 - 0.25

0.50 - 0.75
0.75 -1.00
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Two Variable Method Multi Variable Method

0.00-0.25
0.50-0.75 0.75-1.00
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Converting AOD to PM2.5 to AQC
Step #1: Getting Satellite and Surface Data

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

— http://ladsweb.nascom.nasa.gov/
—from earlier exercise

* To get PM2.5 for your region:

—For U.S. Data: http://www.epa.gov/airdata/ad _maps.html
— Global Air Quality Monitoring System: http://agicn.org

— Global open data: hitp://openag.org

— Your own data source or measurements
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Converting AOD to PM2.5 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:

https://arset.gsfc.nasa.gov/airquality/python-scripts-aerosol-data-sets-
merra-modis-and-omi

— IDL code:
http://arset.gsfc.nasa.gov/sites/default/files/airquality/workshops/
Santa Cruz 2013/read mod04 map aqc.zip

« Spatial and Temporal Collocation Methods

— pick the nearest pixel or average over 3x3 or 5x5 pixels
— pick the closes PM2.5 measurement from ground to satellite overpass
time

« If hourly data is unavailable, then daily mean data can be used as well

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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Converting AOD to PM2.5 to AQC
Step #3: Developing a Relationship Between AOD & PM2.5

LADCO_exercise - Microsoft Excel non-commercial use

Home Insert Page Layout Formulas Data Review View Add-Ins
— ] ]
gz:;y Arial 10 ~|A AT = g“@;‘ = Wrap Text General - 15] % Sd
P"’fte # Format Painter (B L U = = r ~ A ||| E = E\@? §§\ FaiMerge & Center ~ || $ ~ % o || %8 3% Fcoorrr‘ndaitttiionngalv a's:%?laet' Stgleel;'
Clipboard ] Font ] Alignment ] Number ] Styles
N26 - |
A B C D E F G H | a4 K L M N
1 131
2 |tau PM1h L.
3 0.04 3 38.46 N 82.64W - Training
4 0.05 5
5 0.05 9
6 0.15 8 ‘- AOD -I| 7.1333
7 0.28 12 = §
8 0.16 9 .
9 0.03 15 £
10 0.05 8 §
11 0.05 7 S
12 0.04 10 @
13 0.03 6 2
14 0.04 8 v
15 0.19 4 <
16 0.13 8
17 0.16 11
18 0.02 3
19 03 17 0 0.1 0.2 03 04 05 0.6 0.7 08 09
20 0.01 7 Aerosol Optical Depth
21 0.01 14 Slope ’ ’
29 nA417 14
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Converting AOD to PM2.5 to AQC
Step #4: Estimating PM2.5 from Satellite AOD

PM2.5=A0D*46.7+7.13

70
60 y =0.5618x + 6.8839

c

o 2 —
1 2 R? =0.56, R=0.75
2 ltau PMth  EPM -]
3 0.04 3 9.0 S 50
4 0.05 5 95 o °
5 0.05 9 95 g
6 0.15 8 141 o
7 0.28 12 202 o 40
8 0.16 9 146 ®
9 0.03 15 85
10 0.05 8 95 E
11 0.05 7 95 )
12 0.04 10 9.0 ~ 30
13 003 6 85 =
14 004 8 9.0 %
16 0.19 4 160
16 0.13 8 132 % 20
17 0.16 1 146 £
18 0.02 3 8.1 =
19 03 17 212 0
20 0.01 7 76 w 10
21 0.01 14 76
2 017 1 151
23 0.16 16 146
2 0.04 5 9.0 0
2% 0.08 5 109
2% 02 1 174 0 10 20 30 40 50 60 70
27 0.25 13 1838
28 0.2 10 16.5 Observed PM2.5 Mass Concentration
29 0.16 16 146
30 0.03 7 85

In ideal conditions, two separate data sets should be used to form
the relationship and to test and validate the regression equation
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Converting AOD to PM2.5 to AQC

Step #5: PM2.5 to Air Quality

Category

Moderate
(51 - 100)

Unhealthy for Sensitive Groups
(101 - 150)

Unhealthy
(151 - 200)

Very Unhealthy
(201 - 300)

Hazardous
(301 - 500)

AQl
Estimated 24-hour avg.

pg/m*

156.5t0 404

65.5t0 1504

150.5to 2504

AQI Calculator: (o] ==l e 2(e]]

calculated below.
AIR QUALITY INDEX

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

Units Required: | ug/m3 |

Enter the Concentration: 155 |

AQl AQI Category
51 Moderate

Sensitive Groups Health Effects Statements

People with None
respiratory or heart
disease, the elderly
and children are the
groups most at risk.

Select a criteria pollutant and enter the pollutant
concentration in the specified units above; the Air
Quality Index and associated information are

Cautionary Statements

None

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 PM2.5 to AQC
Step #5: PM2.5 to Air Quality

!vbazl T
~ Home Insert Page Layout Formulas Data Review View Add-Ins @ - @ Xx
s — I ez v -
oo (Y R 37 S TR RS g
- . -|[= «.0 .00 iti . i
Pt g ||BE ) 2 A [ L | atting - as Table - styles - || [E)Format = || 2 Fiter+ setect+
Clipboard ™ P Alignment P Number (] Styles Cells Editing
E3S v
A o K L M N
7 0.28 12
8 0.16 9
9 0.03 15
10 0.05 8
11 0.05 7
12 0.04 10 -
13 0.03 6 AQC Obs
14 0.04 8
15 019 4
16 0.13 8
17 0.16 11
18 0.02 3
19 03 17 Moderate
20 0.01 7
21 0.01 14
22 017 14
23 0.16 16
24 0.04 5 AQC = ESt
25 0.08 5
26 011 18
27 0.02 12 .
28 0.52 32 31.4 Moderate Moderate
29 0.56 32 33.3 Moderate Moderate
30 0.46 21 28.6 Moderate Moderate
3N 043 25 27.2 Moderate Moderate
32 0.32 12 221 Moderate
33 048 18 29.6 Moderate Moderate
34 011 7 12.3
35 011 7 123
36 0.56 26 33.3 Moderate Moderate
37 0.84 41 46.4 Unhealth for Se Unhealthy for Sensitive Group
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Creating an Air Quality Category Map
Python/IDL Tool

~ MODIS AOD - 0 X

1
a

lity/python-

Irqua

-omi

58.hdf

and

Good ﬂ Ikoderaie Unh.fer Sen.Gr. Unhealthy Wery Unhealthy

MAP_CONTINENTS.

of Ground Monitor: 35

Enter the Longitude of Ground Monitor: -85

There are 9 AOD (1l0km) pixels in your area of Interest
% compiled module: MAP_2POINTS.

T=7
x1=0.0 lstart+i *nxsteps

lab=ticks(1i)
xyouts,x1l,vl,strina(lab,format=tickfo

== Provide MODIS AOD file, slope, and intercept to

rontyerioncs this code - it will create AQC map

adct,34,ncolor

/larset.gsfc.nasa.gov/a
scripts-aerosol-data-sets-merra-modis-

tvlct,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
"read_modis_aerosol_at_PM station.pro" 387L,

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

NO valid AOD Value Found in the File: MOD04_L2.A2011155.1555.051.2011156021058.hdf
% Program caused arithmetic error: Floating illegal operand

oL> []

http
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‘ June 10, 2011

MODO04_L2.A2011162.1605.006.2015052045603
PM 2.5

Hazardous

30°N

Very Unhealthy

Unhealthy

25°N

AQI Category

Unhealthy for
Sensitive Groups

20°N

Moderate

15°N

Generated: 2011-06-11 02:58:34Z
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June 20, 2011

MODO04_L2.A2011172.1640.006.2015053115732
PM 2.5

National Aeronautics and Space Administration

Hazardous

Very Unhealthy

Unhealthy

AQI Category

Unhealthy for
Sensitive Groups

Moderate

Generated: 2011-06-21 02:38:132
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June 21, 2011

35°N

30°N

25°N |

20°N

MODO04_L2.A2011173.1545.006.2015053121244
PM 2.5

Hazardous

Very Unhealthy

Unhealthy

AQI Category

Unhealthy for
Sensitive Groups

Moderate

Generated: 2011-06-2201:51:34Z
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Multiple Linear Regression Method

PM2.5=By+axt+3" (B,xM,)

Requires AOD, meteorological fields, more data processing,
and more expertise, but most of the time produces more
accurate PM2.5 estimation

National Aeronautics and Space Administration Applied Remote Sensing Training Program
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Multiple Linear Regression Model
AOD, PM2.5, and Meteorological Data

LIppodara " ronc A= Allgnment A= NUmper = SLVIES
] N3 M fe | =17.02*A3+1.14*D3-0.92*E3+0.447F3-0.95%G3+1.04*H3-0.04%13-0.31%J3-0.031%K3-0.0022%13-177.26 |
C D E F G H ! J R T 0y N o

1 atitude = 38.46, Longitude = -82.64

2 PM1h tmp0 tmp1000 tmp700 rhO rh1000  rh700 ws0 ws925 hpbl EPM2.5  _

3 3 21747 2774  266.05 71.26 Al 70.32 414 16.22 63.33 I 2,995254! 8

4 9 28725 28597 270.8 28.95 2941 39.34 276 1.41 623.5 6.35489

5 8 27413 2731 260.93 63.01 63.56 17.28 4 8.79  675.67 3.911136

6 12 28743 28653  269.72 46.23 46.52 23.82 3.64 9.04  800.67 10.58439 3

7 9 2759 27585 2643 59.98 60.34 1.2 3.39 5.76 53 6.47774

8 8 28318 28167 26593 35.44 35.57 79.54 0.65 247  676.83 2.494904 ]

9 3 28607 28398 26525 36.55 36.66 4277 4.46 949 132583 1.748084 e 2

10 17 297.03 29798 27533 52.06 51.57 81.85 4.04 13.09 9255 10.67131 €

11 14 29688 29437 27478 2943 2935 27.39 218 6.37 1633.33 11.1627 g

12 16 297.05 29572 27503 25.06 2543 44.91 4.98 16.45  914.83 9.828424 82

13 15 29985 29752 27525 424 4292 42.66 317 6.19 12815 14.36151 é

14 6 289.07 28765 26945 57.64 58.14 68.48 443 3455 47883 7.372424 a

15 10 2953 29357  273.68 429 43.34 88.06 394 17.43 1226 7.74657 g 1

16 32 3019 29988 28263 51.67 51.79 32.02 283 98 58517 2524983 &

17 32 30342 30045 28227 50.19 50.36 23.46 264 6.74 833.5 26.84926 E

18 21 29968 29782 27997 80.46 80.25 68.37 238 6.51 75 24 58039 g1

19 25 30413  301.87 28348 64.15 64.42 31N 35 6.1 54117 26.09083 j

20 12 29548 2952 27662 64.84 63.68 18.02 4.36 6.28  849.83 15.65489

21 18 3006 29715  276.12 4532 4523 21.52 1.03 205 1799.67 20.49068

22 29 3024 2991  279.78 60.49 60.86 47.22 KRy 5.88 1457.67 20.51765

23 23 303.7 30062 28255 60.82 60.86 12.18 256 6.53 1655.67 215245

24 32 30748 30373 28497 63.16 63.1 57.85 1.99 6.4  969.83 27.92127

25 23 30627 30475 28285 59.03 58.51 4311 242 6.73 880.5 20.54857

26 19  307.38 30478  283.63 51.07 51.09 34.56 4.67 7.7 T777.83 19.60247

27 25 30615 30315  283.25 60.33 60.41 56.95 4.62 6.13  953.83 2584764

28 28 30492  303.35 2834 63.96 63.78 81.48 24 6.46 1561.83 23.25351

29 30 30298 3029 28158 59.39 59.84 94.25 3.08 6.66 1391.33 28.37551

30 31 30135 300.056 28243 60.76 60.4 3371 294 7.29 89.33 26.44508

3 24 30543 3022 280.67 55.96 56.51 23.92 229 324 1058.83 27.27383

29 N7 2N4 A 2NN A2 104 NN ce 77 cC7n 292 AN A N4 AN NA cC27 N4 TATCA
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Multiple Linear Regression Method Results

35 - EPM2.5= OPM2.5%0.8823x
s R?=0.8582, R=0.93

3 5 7 9

= 25
o S
S £ 20
-
g 215
© O
E° 10
»
w
5
0
0 10 20 30 40
Observed PM2.5 Mass Concentration
40
30 M ..'.
20 _ , 'va - ‘\ » --EPM25
N.; ..
10 ... ... M \Q@'. # --0OPM2.5
0 ..

11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41
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IT CAUTION 1!

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

* Its accuracy depends on training data and varies in space
and time

 Careful data quality control, testing, 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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