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Research Objectives

QO Extend the spatial coverage of the PM, .
indicators in Tracking Network with satellite
data

0 Provide timely estimates of county average
PM, - health indicators

Q Evaluate satellite PM, . estimates as a
alternative exposure data source in
environmental epidemiologic studies and
using independent ground sampling



Technical Approach

. Satellite data: Land use: NGround truth:
Meteorological B \;isr/mopis | NCLD or  fEPa &

/GOES/OMI MODIS IMPROVE

data: NARR

Model
development

[PM, ] = F(satellite aerosol retrievals,
meteorological calibration, source
adjustment )

Exposure
estimation

Estimated PM, . concentration surface
Performance

evaluation
Prospective Comparison with Epidemiological
sampling HBM outputs modeling




Year 1 Milestones

1. Design of modeling grid

2. Aerosol data collection and processing

3. MODIS cloud cover data processing

4. NLCD/NDVI land cover / land use data analysis
5. HBM data preparation

6. Meteorological data collection and processing
7. Initial data integration

Status summary: we have completed all proposed
tasks on time, and done some extra work.



1. Study Domain Design

0 Health study domain: 20-
county Metro Atlanta
area (150 x 150 km?)

0 Exposure modeling
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2. Aerosol Data Processing

0 MODO04 and MYDO04, Collection 5, 2001- 2007

2 OMI level 2 aerosol index and type, 2004 - 2007
2 MISR MIL2ASAE, v22, 2001 — 2007

0 GOES GASP aerosol data, 2001 — 2007
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3. MODIS Cloud Data Processing

0 MYDO6 5 km resolution cloud fraction, 2002 — 2007
0 Calculated mean cloud cover in each 12 km grid cell
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4. Land Use Data Analysis (1)

2 NLCD 2001, 30 m resolution, static

0 MODIS land data, MOD12Q1, dynamic

Phoenix, AZ
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[ ] perennial Ice/Snow
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[:] Developed, Lowlintensity
- Developed, Medium | ntensity
Il Developed, High Intensity
|:] Bamren Land (Rock/Sand/Clay)
[ Deciduous Forest

- Evergreen Forest

[ Mixed Forest

D ShrubiScrub

[—} GrasslandHerbaceous

D PastureHay

I cuitivated Crops

[ WoodyWetlands

[ mergent Herbaceous Wetlands

2001 NLCD (30 m)

Phoenix, AZ

2006 MODIS LCLU (500 m)

I Water

M Everoreen needlelear trees
M Evergreen broadleaf trees
[ becidunus needleleaf trees
[peciduous broadlesf trees
[shrub

[irass

M Cereal crop

M Eroadleaf crop

M Urban and builk up
[I5now and Ire

[ IBarren or sparse vegetation

[ClUnelassified

Differences in spatial
patterns are visible but
highly comparable.

Conclusion: use NLCD
for its more detailed
LU classes.



4. Land Use Data Analysis (2)
a2 MODIS NDVI, MOD13A1, 16 day, 500 m
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January 17, 2006 April 23, 2006 July 28, 2006 November 1, 2006

NDVI

[]-0.30--0.20
M -0.199 - 0,00
I 0.00-0.188
[0.19-0.26
0,261 - 0,341
10,342 - 0,438
10,439 - 0,535
10,536 - 0,637
10,638 - 0.754
0,755 - 1,00

Both seasonal and inter-annual variations exist. Potential

Indicator of OC emissions. Withheld for revised model
development in year 3



4. Land Use Data Analysis (3)

Resampling of NLCD data: identify dominant land use class
In each 12 km grid cell

Resampled to the 12-km Grid
NLDZOOl (30 m) (Most Dominant Class)

- Open Water

|:| Developed, Open Space
- Developed, Low Intensity
- Developed, Medium Intensity

- Developed, High Intensity
|:| Barren Land (Rock/Sand/Clay)

- Deciduous Forest
- Evergreen Forest
|:| Mixed Forest

[ | shrubrscrub

|:| Grassland/Herbaceous
|:| Pasture/Hay

- Cultivated Crops

|:| Woody Wetlands
- Emergent Herbaceous Wetlands

Potential for factor analysis will be evaluated later.



5. HBM Data Analysis (1)

. Aas eny QO EPA generated HBM
PM, . daily
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5. HBM Data Analysis (2)

Evaluation of HB data
Daily Monitor-level Comparison

36-km and Monitor Comparison 12-km and Monitor Comparison
Year: 2005 » Year: 2005

Daily NAAQS: 35 ng/m? Daily NAAQS: 35 ng/m?

i »{Over prediction i »{Over prediction

oo o
£ £
(@) (@)
) o)
o o
= =
o 0.
m m
i B B

" Under prediction Under prediction

s ®

AQS PM, ; (ng/m?3)

7 % 85 %0 9% 10

AQS PM, 5 (ng/im?)

Overall, HBM PM, . compares well with EPA observations.
Underestimation occurs at high concentrations.



6. Meteorological Data Analysis

a NARR data, 32 km, 2001 — 2007

1 Mapped to 12 km CMAQ grid using
nearest neighborhood method

0 Parameters of interest: humidity,

temperature, wind speed and direction,
PBL height

/. Initial Data Integration

MODIS/MISR/GOES, OMI, NLCD, NARR, and
census data have all been linked to the CMAQ 12
km grid ready for exposure model development.



Year 1 Presentations (1)

0 W. Crosson, et al., Examining the use of satellite aerosol
remote sensing as a potential means to extend the coverage
of the CDC NEPHT Network, American Thoracic Society
International Conference, New Orleans, LA, May 19, 2010.

Q Y. Liu, et al., Enhancing Environmental Public Health Tracking
With Satellite-driven Particle Exposure Modeling And
Epidemiology, American Meteorological Society Annual
Meeting, Atlanta, GA, January 19, 2010.

0 Y. Liu, Applications of Satellite Remote Sensing Data in Air
Pollution and Public Health Research. Tsinghua University,
October 15, and Institute of Remote Sensing Applications,
Chinese Academy of Sciences, October 18, 2009, Beijing,
China.



Year 1 Presentations (2)

0 We created a project factsheet for the NASA’s Earth Day
display in March 2010.

0 We contributed to the Applied Science Accomplishments
presentation to the NASA Headquarter in April 2010.

Q Our project was mentioned in a NASA blog on April 23, 2010.
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Year 2 Plan

Satellite data, meteorology,
land use, census data, traffic
information, and EPA
measurements are used as
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model to predict PM, .
concentration surface.

Statistical
prediction
model

Predicted PM, . surface




Year 2 Tasks and Timeline

a Emory
MODIS/GOES validation (Mar 2011)
Preliminary PM, . modeling (Mar 2011)
Final PM, . modeling (Sep 2011)
Pilot sampling (Mar 2011)
Prospective sampling and sample analysis (Mar 2012)

o MSFC

Revision of gridded aerosol data (Apr 2011)

Final data integration (aerosol, cloud, weather, land
use, etc.) (Jul 2011)

o CDC
Comparison between HBM and satellite (Sep 2011)



Proposed Exposure Modeling - GAM

First stage GAM: temporal variables
Y(t,s) ~ :ul + ft(t)'l' fAOD(AODt)'I' 1:cloud (CIOUd)

+OMI+)° f ., (met,)

Second stage GAM: spatial variables

Y, =Y, —Y ~u, + T, (AOD,) + f(population)
+ f, (X, y)+ f(land use)

Final prediction
[PM2. 5]t =Y Y, Y +Y

t,s

>
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Additional Model - GWR

0 Geographically Weighted Regression allows
regression coefficients to vary in space

a PM, 5 (9)~ Bo(9)+ B, PBL(g) +B, RH(g)+
B: T(9) + B, Wind +8; AOD(g)+ Bs Forest%(g)

B(9) = (XTW(g)X)XTW(g)Y

y = 0.94x + 0.89
R2=0.78

60 -

R? 0.89 0.78
RMSE 2.5 ug/m3 3.6 ug/m?3

Obs. PM2.5

0 20 40 60
Pred. PM2.5



Prospective Validation

0 Background: Areas in domain
exist as heterogeneous spikes
In PM,, . concentration due to
local or point sources

0 Objective: Predict hot spots
and conduct ground level
monitoring to verify.

0 Results from the field sampling
will be compared to the model
predictions to assess the
accuracy of the satellite-driven
model.

Existing network of PM monitors in
20-county Atlanta area



Sampling Methods

a Harvard Impactors
2 10 I/min
0 2.5 um cut points
o 37mm Teflon filters

0 Quantified via gravimetric

analysis at Emory %
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