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Loss of light by scattering and absorption
due to the presence of particles
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Earlier applications of satellitebased remote sensing

ACharacterizatioof air pollution across space and time, especially in are;
with sparse monitoring networks or those not accesdnisméms

AApplicationsncreased over time due to the increasing number of
satellite platforms collecting data with better accuracy, spatiotemporal
coverage, aratcessibility

ATheconcomitant increase of computing power made it easier to acces:
manage, and analyze remote sensing data.
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PM, -~AOD Linear Regression Model Fit

R2=0.43, N =1,315

Variables EstimatesStd Error p value Cl factor
RH -0.63  0.11 <0.0001 ¢° RA
Power of AOT 0.45 0.02 <0.0001 AOT>®
Power ofh -0.36 0.02 <0.0001 h?*

(Liu et al. EST 2004)



Literature survey of P/A ratios, intercepts, and correlation coefficients (Hoff aDigristofer2009)

Number of
Author Sensor Date Region Ground Monitors  PM, ;/PM,,  Linear Regression R
Wang?s MODIS (Terra) 2002 Alabama 7 PM, s (24 hr*  77.0v — 0.23 0.67
MODIS (Aqua) 2002 Alabama 7 PM,- (24 hr)* 6867 + 193 0.76
Ayerage 2002 Alabama 7 PM, s (24 br)® 7237 + 0.85 0.98
Chyts? MODIS August—October ltaly 1 PM,g 547t + 8O 0.82
2000
Engel-Cox & MODIS April-September United States 1338 PM, . 2267 + 64 0.4
2002 P, (24 hr) 1877z + 75 0.43
Liy208 MISR 2003 St. Louis 22 PM, ¢ NA 0.8
Engel-Cox'& MODIS July 1 to August 30, Balimore 4 PM, ¢ At + 52 0.65
2004 PM, ; (=PBL) 4857 + 6.2 0.65
PM. ;- (24 hr) 2537 + 114 0.57
PM,. (24 hr <= 6487 + 1.76 0.76
PBL)
Liute? MISR 2001 Eastern United States 346 PM, - -
Al-Saadie* MODIS Review United States PM, 5 62.07 NA
Gupta™ MODIS 2002 and July— Global cities 26 PM, 1410 7 0.96
November 2003
Koelemeijers2 MODIS 2003 Europe B8 (PM. ) PM, :* NA 0.63
el fa L Lel
Kacenelenbogen'®  POLDER April-October 2003 France 28 PM. . 26.67 + 13.2 0.7
Gupta™ MODIS February 2000 to Southeastern 38 PM, 5 294t + B8 0.62
December 2005 United States PM. ;- (24 hr) 2757 + 158 0.52
Hutchison1s8 MODIS August-November Texas 28 PM, ; (August® 68.8t — 399 0.47
2003 and 2004 PM, - 9.7t —17.2 0.98
(O oo mab o8
GOty
Paciorek77 GOES-12 2004 United States Not given PM., - (24 hr) NA 0.5
PM, - (yearly) NA 0.75
Ant7a MODIS April 3—7, 2005 Beijing B PM, 2177 + 64 0.92
PM, :* Nar + 54 0.92
Schaap'® MODIS August 2006 to May  Cabauw, Netherlands 1 PM, ¢ 1200 + 541 0.72

2007

Notes: *Slope and intercept converted from an AOD to PM (A/P) ratio. The P/A ratio is the slope of PM, - to AOD in a linear regression model.
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Daily Calibration Method of AOD

AThere is an in
relationship w

nerent dmyday variability in the AOBM,
nich depends on time varying parameters such as

particle optica

properties, concentration vertical mixing and

ground surface reflectance among others

AA daily calibration technique is applied to AOD data to accurately
predict PM .concentrations within the study region

AThis method requires data from multiple ground sites within the
studyregionSENSORS]



Statistical Approach
A mixed effects model with random intercepts and slopes:

PM;= (&) +++\()AAOD;+ &
yv) ~ [flo o)., O

wherePM, isthe PM sconcentration at a spatial ste a day, AOD;; is the AOD value in the grid

cell corresponding to siten a day; aandu are the fixed and random intercepts, respechyvahd

v are the fixed and random slopes, respectuslihe random slope of sit@ndGsis the varianee
covariance matrix for the random effects

Lee HJ et al. (200 Atmospheric Chemistry and(B0i/$)cs
Lee HJ et al. (201Bnvironmental Resear(2012)



Frequency distribution of slopes and intercepts
resulted from the mixed effect model estimations

30 v

251 § p=3.48ug/m?
: v; -Rnd, /- pixel

20}
]
2,15
b
10}

5t |

0 L

-5 0 5 10 15 20

Slope
30
_ a+uf
251 . a=9.78ug/m3

uj =Rnd, jth- pixel

0 10 20 30 40 50
Intercept



The relationship between PM.and AOD &
before (a) and after (b) the daily calibrations
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MODIS 1 km vs 10 km

MAIAC testing: A close collaboratwwith NASAgroup(Chudnovsky et 2012
MAIAC data have less missing values
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Land Use Parameters
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