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Environmental Exposure Assessment (EEA) % 7
laboratory at Ben Gurion University 0

f

Mt

http://in.bgu.ac.il/humsos/eeal/

Focus on the challenges of developing robust high-resolution
environmental exposure assessment models and studying unbiased
exposure-health outcome associations in environmental health studies

We apply advanced geo-statistical methods and novel GIS/remote sensing Fi'-
based technologies to address these scientific challenges

We research among other:

PM, .., hybrid satellite based models

Air Temperature exposure assessment models

Noise pollution LUR based models

Light-at-Night Satellite based exposure assessment

Built environment: Walkability indexes, SES “exposures”, NDVI analysis
Environmental Epidemiology studies
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Hospital Admissions (kloog 2012;Schwartz 1997)
Mortality (kloog 2013; Zanobetti 2008; Basu 2005)

Reduced birth weights (Bell 2007; Kloog et al 2012; Zeka
20006)

Cardiovascular disease (De Hartog 2009; Dominici 2006;
Kloog 2012; Mann 2002; Pope 2011; Schwartz, 1997)

Respiratory disease (Dominici et al., 2006; Kloog 2012;
Schwartz, 1996).

myocardial infarction (heart attack) (D’lppoliti 2003; Hodas
2013; Madrigano 2012; Rich 2013; Zanobetti and Schwartz,

2005
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PM2.5 7 no'wn |"aw Ywpa ITgnnn 0MAI7MTOXN DZNNN DTN IYYaY 1nd
N7N7 N9'YN 7W NIMIXNAN NIYSYN7 DN'NNT7 1700 NRINNNND DAY ,ANI7NNYT
D'77ND RPN DANNIND DMIN7 AN AN

DYIPNA NN X' VIR ATA P 7W DIONNENIE DN NNI0NSNL? 1721 07PN 'Y
NIYIY NI'OI7INA NNINNI AXIZANA N7y
(Le Tertre et al. 2006; Ostro et al. 2009)
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Kloog et al. 2011 ; Basu et al. 2005; Kinney 2008; Le Tertre et al. 2006; Ostro et)
(al. 2009; Zanobetti and Schwartz 2008
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ESCAPE n NIn noin'ya PM2.5% no'wn nd>wna nnninNxn Dwa 722mn 71mn

A multi-group European collaboration - the ESCAPE Project (European Study
.of Cohorts for Air Pollution Effects)

m=

D7NM NNwy7 PM2.5 % no'wn nidayn 79000 NI 21001 2I7an 7Timn oo 1Nt
.N9NN]



A LUR model is one of the most widely used exposure assessment tools in air
pollution epidemiological

Allows researches to estimate the concentration at unmonitored locations.
The LUR model evaluates the relationship between observed air pollution

concentrations and predictor variables such as land use and traffic condition
around the monitoring sites in the multivariate regression model.
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(Eeftens et al. 2012b; Raaschou-Nielsen et al. 2013)
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V'oIn7 ninnyn 0wl 1'7nn (2010-2011) n?w ru7n 'ooian nnznnn NIyl
PM2.5 217 122 |'lI'7 11N1a D'wnnwnin 0DN7Nn

Cordero et al. 2013; A. Chudnovsky, Lyapustin, et al. 2013; Chang, Hu, and Liu)
(2013; Gupta et al. 2013; Kim et al. 2013
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MODIS (Moderate Resolution Imaging
Spectroradiometer(
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Aerosol optical Depth: Definition
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nX TTM "Aerosol Optical Depth” (AOD) or “Aerosol Optical Thickness"
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What MODIS observes Attributed to aerosol (AOD)

May 4, 2001; 13:25 UTC May 4, 2001; 13:25 UTC

Level 1 “reflectance”

There are many different “algorithms” to retrieve aerosol from MODIS

Dark Target ("DT” ocean and land; Levy, Mattoo, Munchak, Remer, Tanre, Kaufman)
Deep Blue (“"DB” desert and beyond; Hsu, Bettenhousen, Sayer,.. )

MAIAC {coupled with land surface everywhere; Lyapustin, Wang, Korkin,...)

Ocean color/atmospheric correction (McClain, Ahmad, ...)

Etc (neural net, model assimilation, statistical, ... )

o G



AQOD is a unitless value.

Sample AOD values:

0.02 - very clean isolated are
0.08 — background over ocean
0.2 —fairly clean

0.6 —polluted

1.5 — heavy smoke/dust even
>3.0 — Sun’s disk obscured!

0.4 over India

>2.0 in Brazil
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Incorporating Local Land Use Regression And Satellite Aerosol

Optical Depth In A Hybrid Model Of Spatiotemporal PM, ; Exposures
In The Mid-Atlantic States

tas Kloog,'* Francesco Nordio,! Bremt A Coull® and Joel Schvares”
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Mean PM, ; concentrations in each
10x10 km grid during the entire

modeling period (2000-2008)
predicted by the AOD models.
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Stage 1 prediction accuracy- out of sample CV R?for yearly PM, .
prediction models (2000-2008).

Year First model CV-
NE
2000 0.680
2001 0.811
2002 0.815
2003 0.850
2004 0.800
2005 0.842
2006 0.840
2007 0.873
2008 0.817




Predicted PM, . concentrations averaged
over the entire study period-Mid Atlantic

Mean PM, ; concentrations in each 10x10 km grid during the entire modeling period (2000-2008) predicted by the AOD models.
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Stage 1 prediction
accuracy- out of sample
CV Rzfor yearly PM, .

prediction models
(2000-2008).

2000 0.759 0.852
2001 0.844 0.840
2002 0.831 0.829
2003 0.848 0.875
2004 0.875 0.853
2005 0.816 0.831
2006 0.885 0.861
2007 0.916 0.847
2008 0.847 0.802

Overall - 0.843
Mean




Legend

[ ] Lombardy borders
| Lakes

‘. Manitor stations

Predictad PM10
B 31.88 - 34.37
B 34.37 - 36.31
N 36.31 - 38.15
7 38.15-40.16
40.16 - 41.85
[ 41.85-43.16
I 43.16 - 44,65
B 44.65 - 47.11
E47.11 -52.23

Mean PM_, concentration in each 10x10 km grid during the entire modeling period (2000-2009)
predicted by the AOD models.
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A New Hybrid Spatio-Temporal Model For Assessing Daily Multi-Year
PM2.5 Concentrations Across Northeastern USA Using High Resolution
Aerosol Optical Depth (AOD) Data

Itai Kloog', Alexandra A. Chudnovsky?, Allan Just®, Francesco Nordio®, Petros Koutrakis®,Brent A.
Coull®, Alexei Lyapustin®, Yujie Wang® and Joel Schwartz®

nip'®a 0M 7oonw MODIS satellite images algorithms (MAIAC) 2 p'wnnwun X ¢
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Sample day with available AOD data (Mexico)

Sample day with available AOD data

2009-03-07

1975

19,50

lat_aod

1625

19.00-
99 5D 8 98,00 BB TS 5050

This date has 41% coverage (59% clouds)
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US Environmental Protection Agency (EPA) Air (1
Quality System (AQS)

IMPROVE (Interagency Monitoring of Protected (2
Visual Environments) network
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® ¢ _stations
Al

i:] Stale Borders

The spatial domain of our region included the Northeastern part of the USA, and includes the
states of Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island ,Vermont, New
York and New Jersey.
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NN 7Y DNNpnn 7> ,91017

population density, elevation, traffic density, percentages of land use
according to 12 land use categories based on the national land cover data
(NLCD), point emissions and total area-source emissions(tons per year) for
PM, . PM,,,SO, and NO,

1h:1hl
Temperature, Wind speed, Visibility, Relative Humidity, PBL, NDV/I

NINLODM NINj7119, spatial join ' 7y ArcGIS 2 DINan 0'DA7 19010
..extract values to points, etc) )0'son 0'721




Nroo'oxrvo NITINN

DI' 722 XN 722 PM,, 'TID X117 NIn 7Y

® [ Stage 1

nrr 757 AOD - PM, a2 on'n 71">2 17nN0n

(1 a7w)

PM, . ~ AOD + other predictors
(fit with mixed effects model)

D'NN2 PM, . 'T12'1 8217 ' 71D 1 A7wn 77N nwnnwin

DMt AOD 7T Dy X 110 NIINN N77
(2 2'7w)

P Stage 2

yTmn 72> 877 '8N PM,, . 'T1>' X 12D1Vn

DY 7V W71 W'y IN) 2 A7y 7Tma wmy ' 7y
NINNX 1101 niNNa 7Y PM, . oy AOD Dy D'Rn

.010Y 0'NNa 0t AOD Day7 izl
(3 27v)

using gam spatial smoothing of nearby AOD and
daily regional patterns

Stage 3




Global (1x1km) scale Local (100x100m) scale

Stage 1

Fit dimily calibration usmg data fram
pinels with co-located PM and ADD!
PM2 5§ ~ ADD + olher spatio-lemporal
predictors (i with fixed effects modal)

Stage 2

Use the fitis from calibration models
ta pradict PM, o i grid oalis with
ADD bul witkrou! manitors

Stage 0

Entimate PM, , in cells with mo
avaliable AQD date uning spalinl
amaathing of naarby AQD and
dailly regional patterns

ADD

Mo AOD
Predicted PM2. 5
Residuals PM2 5

QLT

PMZ & monlionng sile

5 4

T::ﬂ:rﬂhdmhhthnrnnmun 1 1x1km precictod
P2 5 and measured PM2 5 and regress against
'local spatial and wmporal prediclor vanables
using Support Vector Machine leaming aiganthms
and o estimate PM2 & residuals.

Final PM2 § pradictons at 100x100m scale by
summing ‘global’ PM2 & predictions from Stage 1
and 'local PM2 6 predictions from Stage 4



Local PM stage (LPM):

110 NN DY 1AW NN 702 77NN 7w residuals N X 1IN77 91017
Y'N QITX]) D'li7nn D"oyvn Danwnint LU o nnen Dy n'onan nyxAl
7¥ NN20XNN NOS0INN 7Y NdVn 72§77 12 110 nann 701 (50 ~ 7w

2101 NN 702 Miznn (nyiann 17'va) DI

ResidPM;
= f, (Traffic Density, Population ﬂensit}f‘.)ﬂ'z (Elevation,)
+ f,(Percent Urban;) + f ,(Distance to Al roads;)
+f . (Distance to Point emissions ;) + f .(PBL )
+f,(Traffic Density,PBL) + f,(Traffic Density,, Visbility) + £



D2ININ 0'01 L(N'XT'71 JNY7) 17w 7TmMn NN NNN7 '
121 .10%- 1 90% 7 ten folds)) 'NO7N |DIN2 2IWI QY 771N
7w 19100 77NN nwya yind Nxviny 0aimann 10% iy

(out of sample CV).0nman 7w onnn 90 %

splitdf <«- function(dataframe, seed=NlLL
1T is.null(sead set.sead( sapd)
index «- 1:prow(datatrame
trainindex <- sample(index, trunc(length(index) 10}
trainset «<- datatframe trainindex,
testset dataframe -trainindex,
liztitrainset=trainset, testset=testset

zsplits_s1 «- splitdf{F_2001_all_=t_table)

eodl _T2001_10_51 splits_slitrainset
modl _T2001_90_s51 <- splits_slitestset



Prediction accuracy: R*for Stage3 PM._  predictions
(Final prediction model including locations without AOD for 2000-2008).

year temporal Slope_leave
5 out
1.02 0.88 0.91

m 0.91 2.69 0.65 1.09
m 0.89 1.01 0.93 0.88 2.47 0.60 1.09
m 0.88 1.01 0.93 0.88 2.79 0.63 1.10
m 0.89 1.02 0.93 0.89 2.37 0.53 1.08
- 0.91 1.01 0.96 0.91 2.26 0.47 1.04
- 0.87 0.99 0.96 0.86 2.30 0.42 1.03
m 0.87 1.01 0.94 0.86 1.95 0.37 1.06
- 0.89 1.00 0.96 0.88 1.91 0.29 1.04
“ 0.84 1.01 0.92 0.83 2.09 0.39 1.05
- 0.88 1.01 0.93 0.88 2.32 0.48 1.07



0.5
Mean PM, , concentrations in each 1x10 km grid in the Boston area during 2003 predicted by the AOD

models
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Legend

” Point source emissions

= Main Roads

Difference of the between local
pollution and grid PM2.5

e High:1.58

W o123

The difference of the estimated local pollution from the average PM, . concentrations at a very fine resolution (200x200m)
aggregated over a year (2003) in Boston
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* Megacity >22 million
* Much higher exposures

* No reliable spatio-
temporally resolved
exposure assesment



Local data sources

sy
SIMAT {48
Hourly PM, . since mid 2003 on 9-15 monitors from the

RAMA network of real-time sensors (TEOM); averaged to
day

Planetary boundary layer (mixing height) measurement

Road density data from municipality and from
OpenStreetmap

Precipitation data from the Water System of Mexico City

Elevation from global digital elevation model



Methodologic challenges

Surface materials required different AOD
pre-processing at NASA (lighter background)

Mixing height and basin circulation
Distinctive climatological cycle / seasonality

Availability of spatial datasets



Mexico City AOD data
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Sample day with available AOD data

2009-03-07
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This date has 41% coverage (59% clouds)
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Stage 1: calibration for Mexico City
PM, = (ac+u)+(B1+v)AOD, + B2 Temperature; + 33
Mean AM PBL, + + 35
+ 36 Roadway density, + €,
(ujvj)~ [(00), 2]

Stage 2: prediction with satellite data

This is used to make predictions for site-days without monitors
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Mean PM, . predictions

Legend

& PM2.5 Monitors
Main roads

The overall mean PM, , predictions for all years (2004-2014) across the entire study area
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PM, s concentration (pug/m°)
S
I

PM, , measurements and cross-validated predictions from the full coverage model for the CAM monitor in 2010.
Connected blue points are the daily PM, . measurements while red points are the full coverage predictions. Smoothed
curves are loess regression lines for measurements (solid) and predictions (dashed).
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Classification of Dust Events

Dust events were determined based on ground PM10 conc. following
validated algorithm (Sorek-Hamer, 2010)

Dust Event = a day with at least 3 hours of (half hourly) PM10 conc. above
100 pg/m3 with a max. above 180 ug/m3, in at least 3 adjacent stations
simultaneously.

The 67 dust events list was evaluated by a day-by-day analysis of back-
trajectories and by synoptic maps.
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Preliminary results

Daily PM,, prediction (using MAIAC AOD data from AQUA platform)

Laspand
Mean PM10 concentrations
{pgim*3) for 2003-2018
B 257 - 420

| 42.0-44.8
£4.6 - 464
464 - 47.9

475 - 48]
48.3- 50.7
50,7 - 531
E2.2-538
| B 538 - 555
B s5s 612

il
Ge'er Shisva)

Stage 1 - CV
Calibration, Local stage

Cross validated (cv) measures

m1.cv.loc.R? 0.9

m1.cv.loc.slope 1.0

m1l.cv.loc.rmspe 16.7



Preliminary results
Daily PM, . prediction (using MAIAC AOD data from AQUA platform)

Legerd
Mean PML5 concentrations
fpg/m*3) for 2003-2015
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B 1205
B 20252

Stage 1 — CV Calibration,
Local improvement

Cross validated (cv) measures

m1.cv.loc.R2 0.85

m1.cv.loc.slope 1.02

j‘ﬁ m1l.cv.loc.rmspe 6.50
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Intra-daily PM modeling in Israel (Shetin, 2018)

Estimating PM_, and PM, . concentrations in Israel on daily (24-hours
mean PM) and intra-daily (mean PM around the Aqua and Terra

overpasses) temporal resolutions.

This was achieved using a hybrid three stage modeling approach which

applies a mixed modeling framework in each stage.

Cotrtenile U avdllalie an 5o e el

Atmospheric Environment
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Estimating daily and intra-daily PM,, and PMa s in Israel using a spatio- n
temporal hybrid modeling approach

Alezandra Shiein™, Arnon Karnieli' |, Tizhak Eaoa®, Rasnen Raz', lan Levy |, Alexed Lyapustin’,
Michael Dorman”, Devid M. Broday’, lind Kloog®



Main findings

During the overpass times of Terra (morning) and Aqua (afternoon) we
saw significant differences in PM concentrations relative to the mean

daily concentrations and between morning and afternoon.

We also observed different spatial patterns of the mean PM for non-

dust period (days not affected by dust storms).

Allows to use anthropogenic and background PM in health studies as

two different exposures



Results

Model performance estimation for PM2.5 and PM10 models

Cross validated model performance for the calibration stage for daily and intra-daily (Hourly) PM,,
and PM, . models. Hourly models estimate the PM concentration around the overpass time of the

satellite (Terra\Aqua).

PM,, PM; 5
Daily Hourly Hourly Daily Hourly Hourly
(Agua) (Aqua) (Terra) (Aqua) (Aqua) (Terra)
Overall R 0.92 0.90 0.91 0.87 0.82 0.84
Overall 19.94 30.75 24.77 6.16 8.88 9.51
RMSE
Slope 1.09 1.07 1.00 1.05 1.02 1.01
Spatial R* 0.95 0.84 0.97 0.95 0.94 0.79
Spatial 2.99 12.02 1.72 0.85 0.74 1.65
RMSE
Temporal R® 0.89 0.86 0.91 0.87 0.82 0.84
Temporal 19.88 35.29 24.72 6.14 8.86 9.46

RMSE




Results

Daily and inter-daily maps of mean PM10 concentration for 2005-2015 ults

Daily (Aqua) Hourly (Aqua)
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Maps of the mean 2005-2015 non-dust PM,, model results for the three time windows: Terra overpass, Aqua
overpass, and daily average (24 h mean).



Results

Daily and inter-daily maps of mean PM2.5 concentration for 2005-2015 ults
" PMz s
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Maps of the mean 2005-2015 non-dust PM, . model results for the three time windows: Terra overpass, Aqua
overpass, and daily average (24 h mean).
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Short Term Effects of Particle Exposure on Hospital
Admissions in the Mid-Atlantic States: A population
Estimate (2014)
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Short Term Effects of Particle Exposure on Hospital
Admissions in the Mid-Atlantic States: A Population
Estimate

itai Kloeg"?*, Francesco Nordio”, Antonslls Zanoberti®, Brent AL Coull®, Petros Koutrakis®,
Joal D, Schwartz”
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Map of the study area showing the MEDICARE population within and outside 30km of a PM, . monitor.



Legend
» Admission cases
Pm,,
B 0.02-3.04
I 3.04-4.98
I 4.98-7.03
I 7.03-8.95
8.95-10.11
10.11-11.24
T 11.24-12.20
I 12,20-13.15
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B 14.33-18.31
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Map of the study area showing the residential location of admission cases juxtaposed over a sample PM2.5 10x10km pollution grid
for 01/06/2001.
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(the study is self-matched)
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Estimated percent increase in hospital admissions for a 10 ug/m3 increase in short-term
PM, . by cause of admission

All Respiratory

Stroke

% increase

% increase

% increase

% increase

% increase

2.23 (1.91-2.56)

0.78 (0.54-1.01)

0.11 (0.36-0.59)

1.83(1.18- 2.48)

0.99(0.62- 1.37)

CVD Interactions

% increase

‘rural’ group

1.04 (0.56 to 1.51)

‘urban’ group

0.7 (0.44 to 0.96)
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Predicting Spatiotemporal Mean Air Temperature Using MODIS Satellite
Surface Temperature Measurements Across the North Eastern USA
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Prediction accuracy: Ten-fold cross validated (CV) results for model 1 predictions (Calibration stage using
MODIS Night Surface Temperature for 2000-2011).

Yearly Dataset Intercept @ RMSPEb(spaﬁa,)

m 0.933 -0.019 + 0.022 1.001 + 0.001 1.246
m 0.943 0.000  0.015 1.000 £ 0.001 1.183
m 0.953 0.021 £ 0.018 0.999  0.001 1.195
m 0.958 0.022 £ 0.017 0.999  0.001 1.107
m 0.951 0.001 + 0.014 1.000 £ 0.001 1.161
m 0.946 0.021 £ 0.016 0.999  0.001 1.225
m 0.945 0.025 + 0.013 0.999  0.001 1.167
0.945 0.020 + 0.013 0.999  0.001 1.290
0.947 -0.006 * 0.011 1.000 £ 0.001 1.238
m 0.943 0.005 + 0.009 1.000 £ 0.001 1.209
m 0.949 0.013 + 0.009 1.000 £ 0.001 1.253
_ 0.955 -0.005 * 0.009 1.000 £ 0.001 1.303
I ——



Prediction accuracy: Ten-fold cross validated (CV) results for model 1 predictions for all
states, sample cities, urban vs. rural and season analysis for a sample year (2005).

ype e s JRwE |
0.945 0.960 1.738
0.957 0.988 1.745
A 0.952 0.987 1.798
'm0 0.959 1.003 1.769
0.945 1.002 2.159
R 0.966 0.999 1.605
N 0.955 1.013 1.914
oE 0.957 0.994 1.426
0.892 0.988 2.908
ma 0.943 0.998 1.687
0.960 0.985 1.821
N 0.944 1.001 2.238
mMe | 0.940 0.987 1.791
[Boston | 0.960 1.004 1.700
(nve | 0.913 1.002 2.664
el 0.949 1.001 2.010
urban 0.951 1.002 2.010
| winter | 0.944 1.001 1.937
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The spatial pattern of predicted air temperature values from the surface temperature models,
averaged over the 2011 for the metropolitan New-York area.
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Mean Air temperature levels in each 10x10 km grid during 2003 predicted by the
Surface temperature models.
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Using Satellite Based Spatio-Temporal Resolved Air
Temperature Exposure to Study the Association
between Ambient Air Temperature, Birth Weight and
gestational age in Massachusetts (EHP 2015)

Itai Kloog "%, Steven J. Melly 2, Brent A Coull 3, Francesco Nordio 2 and Joel Schwartz 2
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Map of the study area showing the location of a subset of mothers, the location of the ground air
monitoring stations and the areas within and outside 30km of an air temperature station.
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Map of the study area showing the residential location of a subset of mothers over a sample air
temperature (C°) 1x1 grid across a sample year (2005).
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We used linear mixed models to estimate the association between Ta exposure
and birth weight (among full term births)

We adjusted for infant sex, maternal age, maternal race, mean income, maternal
education level, prenatal care, gestational age, maternal smoking, average traffic
density, a random intercept for census tract and mothers health (diabetes, lung
disease, renal disease etc.)

BW, =(a +u) +B;Ta + BX, + B.Xy+...+e,



Effects of one interquartile range increase in Air temperature (C°) on birth weight for full
term births at various exposure periods.

_ Predicted Air temperature (C°) Closest monitor temperature (C°)

Exposure period Birth weight 95% CI Birth weight 95% ClI
change (in grams) change (in grams)

Day of birth -3.29 (-7.91 to 1.33) -0.23 (-5.59 to 5.13)
One day prior to birth -3.82° (-8.46 to 0.83) 1.26 (-4.08 to 6.6)

Moving average of 2 days -4.60™" (-9.8 to 0.61) 0.57 (-4.95 to 6.09)
prior to birth
Moving average of 3 days -4.97™ (-10.67 to 0.74) 1.11 (-4.59 to 6.81)
prior to birth

Last week (7 days prior to -10.68™" (-18.07 to -3.28) -0.21 (-6.44 to 6.03)
birth)

Last 2 weeks (14 days prior -15.99"" (-24.76 to -7.23) -1.93 (-9 to 5.15)
to birth)

Last month (30 days prior -15.69"" (-26.73 to -4.66) -2.58 (-11.12 to 5.95)

to birth)

Last 90 days prior to birth -19.24™" (-32.58 to -5.90) -9.77 (-22.47 to 2.93)
Entire pregnancy -6.32"" (-9.24 to -3.41) -7.89 (-28.14 to 12.36)
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LAN map of earth, 3 billion years ago




DMSP-OLS SNPP-VIIRS

Builder/Operator

Nighttime overpass

Low light imaging
bandpass

Ground footprint

Low light imaging
detection limit

U.S. Air Force

Polar — 850km altitude, 98.8
degree inclination, 102
minutes

3000km
~19:30

Panchromatic 0.5 to 0.9 um

5km X 5km at nadir
6 bit
Common in urban cores

~ 5E-10 Watts/cm2/sr

NASA — NOAA Joint Polar
Satellite System (JPSS)

Polar — 827km altitude, 98.7
degree inclination, 102
minutes

3000km
~01:30

Panchromatic 0.5 to 0.9 um

742m X 742m
14 bit
No saturation

~ 2E-11 Watts/cm2/sr
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. - LAN intensity levels (nano-watts/cm2/sr) in Israel according to
. o‘ : nighttime satellite image from SNPP-VIIRS on January, 2017.
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Figure 2. Streetlight poles distribution within the city of Beer-Sheva (A), showing the poles estimated intensity power (in watt), and an example
of the extracted data from the streetlight GIS layer that was obtained from Beer-Sheva municipal (B).
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Exposure to “green, natural areas” around each Wl
participantls home address estimated using a satellite- 2014 NDVI (' Greenness")
image based vegetation index (NDVI)-30m resolution o
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