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X8 The Focus of NASA Public Health Program:

The Public Health application area focuses on Earth science applications regarding environmental health issues, infectious disease, and
emergency preparedness and response. The application explores issues of toxic and pathogenic exposure, as well as natural and man-made hazards
and their effects, for risk characterization/mitigation and improvements to health and safety.

X MSFC Previous and Current Projects:

. Health and Environment Linked for Information Exchange in Atlanta (HELIX-Atlanta) (Partners: CDC, Kaiser Permanente)

. Linking NASA Environmental Data with a National Public Health Cohort Study (REGARDSs) to Enhance Public Health Decision Making
(University of Alabama at Birmingham; CDC)

" Integration of NASA research results to enhance a decision support tool for asthma surveillances, prediction and intervention (Partners:
University of Mississippi Medical Center, CDC)

" Enhancing Environmental Public Health Tracking (EPHT) with Satellite-Driven Particle Exposure Modeling and Epidemiology (Partners:
Emory University; CDC)

. Using NASA Data and Models to Improve Heat Watch Warning Systems for Decision Support (Partners: Indiana University - Purdue
University Indianapolis; CDC)

. Integration of Airborne Dust Prediction Systems and Vegetation Phenology to Track Pollen for Asthma Alerts in Public Health Decision
Support Systems (Partners: University of Arizona; University of New Mexico; CDC)

" Development and Implementation of a Climate Change Module for EPHT Utilizing Remote Sensing Data (Partners: CDC)

. Asthma and Air Quality in the Presence of Fires: A Foundation for Public Health Policy in Florida (Partners: University of Florida, CDC)

. Using Remote Sensing and Environmental Data to Quantify Social Vulnerabilities to Heat Stress and Strengthen Environmental Public
Health Tracking and Heat Mitigation Efforts (NY State Health Dept., NY City Health Dept., FL State Health Dept., CDC)

. Development of National Future Extreme Heat Scenarios to Enable the Assessment of Climate Impacts on Public Health (Partners: CDC)

. Environmental Context of Health Disparities (Partners: Meharry Medical College, University of Tennessee-Knoxville, and Tulane )

" UAB Laboratory for Global Health Observation (LGHO) and DEVELOP Projects (ex. Predictive Risk Modeling of VVector-Borne

Infectious Diseases such as Dengue Fever, West Nile Virus and Lyme Disease by means of NASA Earth Observation Systems )
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NASA Applied Sciences Program

Purpose . . .
NASA Applied Sciences Program Architecture
Lead efforts in building knowledge

and developing abilities to effectively
apply Earth observations;
Satellite Missions
Models
Research
Technolog

Develop applications knowledge for
applying Earth science to serve
society;

Applied

Sciences
Program
Assist in transitioning applied

knowledge to organizations that can

directly apply it to solve societal

issues.

Emphasis in 4 Applications Areas
Water Disasters
Resources
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Climate

Agriculture

Ecological
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Health &
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Energy Oceans

Public Health Applications: Urban Heat Vulnerability

Heat within a city is not uniform. In fact,
large temperature differences exist due to
the location of parks, urban forests, water
bodies and the highly developed urban core.
Fine-scale mapping of temperature
variations is proving useful for assessing
areas where residents are most vulnerable
to the effects of heat.

Heat vulnerability map
for Philadelphia, PA
based on surface
temperatures and

MSFC scientists have worked with Indiana T g e

University and several cities health
departments to combine fine-scale satellite
data with socio-economic data to map heat
vulnerability across cities.

Temperature
(degrees F)

MSFC scientists have developed a method for extracting finer-scale land surface temperature information from
NASA satellite data. Left panel: MODIS temperature data. Right panel: result of ‘sharpening’ the image, resulting in
the ability to differentiate areas of relative coolness and heat.

Relationships Between the Environment and

Dengue Fever in Mexico
MSFC scientists worked
with CDC and the University
of Veracruz, Mexico to
develop a habitat suitability
model for the Aedes aegypti
mosquito, the primary
transmitter of Dengue Fever
in Mexico. Using inputs
such as winter
temperatures, precipitation
and terrain height (right),
the model indicates the
likelihood of Aedes aegypti,
and therefore Dengue Fever,
across Mexico.

Terrain height

This map shows habitat suitability for
atypical year in the current climate.
Green areas are most suitable, while
brown is unsuitable. Habitat is very
sensitive to elevation and
temperaE‘ure.

NASA Satellite Data and Models Enhance Air
Pollution Monitoring for Public Health

Air pollution has very
serious public health
impacts in the U.S. One
type of pollution —fine
particulate matter or
PM, s — has particularly
adverse effects on
respiratory and
cardiovascular diseases
and conditions. MSFC
scientists use a novel
method to combine data =\ | P28 fugim3)
from NASA satellites and i 0015
. - 4 1632
ground monitors to o 3348
provide daily estimates ; B 4s-82
of PM, s across the U.S. : _ ; ; Sapietion

80101

Mean PM2.5 on January 1, 2008

This map shows daily f : i

averages of PM, s at the ~ -:;:;::
county level for January i .2
1, 2008. Note the very 120442
high levels in the

Midwest and the West

Coast.




Linking NASA Environmental Data with a National Public Health Cohort Study
and a CDC on-line System to Enhance Public Health Decision Making

Mohammad Al-Hamdan, William Crosson, Maury Estes, Sue Estes,

Sarah Hemmings, Dale Quattrochi, Gina Wade
NSSTC at NASA Marshall Space Flight Center, Huntsville, AL

Leslie McClure, Shia Kent
School of Public Health, University of Alabama at Birmingham, Alabama

Sigrid Economou, Mark Puckett
National Center for Public Health Informatics, Centers for Disease Control and Prevention,
Atlanta, Georgia

THE UNIVERSITY OF Ty oY A
LB s BRviNGHAM s g Y I »

Science and Technology Institute


http://images.google.com/imgres?imgurl=http://www.healthline.com/blogs/outdoor_health/uploaded_images/cdc-785103.jpg&imgrefurl=http://www.healthline.com/blogs/outdoor_health/2007_06_01_outdoor_health_archive.html&usg=__CNMPlLKzA2qGBspEUXBe6EgOmxI=&h=235&w=320&sz=27&hl=en&start=7&tbnid=RDxQUoRDHn-PUM:&tbnh=87&tbnw=118&prev=/images?q=cdc&gbv=2&hl=en

Goals and Objectives

This project has dual goals in decision-making activities

» Providing information to decision makers about associations between
environmental exposures and health conditions in a large national cohort study

» Enriching the CDC Wide-ranging Online Data for Epidemiologic Research (WONDER)
system by integrating environmental exposure data

Develop daily high-quality spatial data sets of environmental variables for the
conterminous U.S. for the years 2003-2008 utilizing NASA data (Objective 1)

» Fine Particulates (PM, ) (NASA MODIS and EPA AQS)

» Land Surface Temperature (NASA MODIS)

» Solar Insolation and Heat-related Products (Reanalysis Data)
Link these environmental variables with public health data from a national cohort
study and examine environmental health relationships (Objective 2)

» Cognitive Function

» Hypertension

Make the environmental datasets available to public health professionals, researchers
and the general public via the CDC WONDER system (Objective 3)




Environmental Health Implications

» Fine Particulates (PM2.5)

» Human observation studies show that exposure to general pollution
containing PM2.5 could cause inflammation, degradation, and oxidation in
the brain when inhaled and could lead to altered regulation of biomarkers
involved in cognitive function

» Possible risk factor for cardiovascular and respiratory diseases

> Solar Insolation

» Some research suggests that a relationship between sunlight exposure
and cognition exists by affecting brain blood flow

» Heat Exposure

» Some research suggests that a relationship between heat exposure and
hypertension exists by affecting stress level




National Environmental Datasets
(Objective 1)
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Fine Particulate Matter (PM, ;)

Estimated ground-level PM, . from MODIS AOD using published regression equations per EPA region per season
Combined with EPA PM, . data from the AQS for 2003-2008

Modified and ran MSFC Surfacing Algorithm (Al-Hamdan et al., JAWMA, 2009; Geocarto Int., 2014) to produce
continuous spatial surfaces of daily PM, . for the contiguous US for 2003-2008

Use of MODIS PM, . estimates together with ground observations (AQS) reduces RMS errors by 40% compared
to estimates based on AQS data alone

EPAAQS NASAMODIS

PM, s on July 14, 2003

(10 km spatial resolution)

P, 5 {ug/m3)

W 0.00-295
2.96-590
5.91-8.84
8.85-11.79
11.80- 14.74
14.75- 17.69
17.70 - 20,64
20.65-23.59
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Land Surface Temperature (LST)

Aqua and Terra daytime & nighttime data for 2003-2008 were processed
Aqua-Terra differences were computed by season for 2003-2008
Aqgua data gaps were filled with Terra-adjusted LST (if available) by mean seasonal difference

National merged Aqua-Terra daily LST dataset were generated for 2003-2008 for day & night
(Crosson et al., RSE, 2012)

Coverage improvement by 25% and 30% for daytime and nighttime overpasses, respectively

AqualLST(1:30 PM) Terra LST (10:30 AM)

(1 km spatial
resolution)

Create daily merged national
LSTimage by filling in
missing Aqua data gaps with
Terra LST, if available,
adjusted by the mean Aqua-
Terra LS T difference for the
respective season.




Heat and Solar Insolation

NLDAS hourly meteorological data (air temperature, solar radiation, specific
humidity, atmospheric pressure) for the 2003-2008 period were processed

Daily statistics of Maximum Air Temperature, Minimum Air Temperature,
Maximum Heat Index, and Total Solar Insolation were computed for 2003-2008

NLDAS Max Air Temperature on July 15, 2008 NLDAS Solar Insolation on January 1, 2008
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Temp (°F) KJ/m?/Day
Cs1.2-57.7 ‘ y M 1,512.75 - 4,276.7
[Is7.8-64.2 y Y M 4,276.71 - 5,700.55
[[64.3-70.7 . ] = il [05,700.56 - 7,040.65
[E70.8-77.2 : e, N [17,040.66 - 8,548.27
[177.3-83.7 . - \ [C18,548.28 - 9,688.37
[s3.8-90.3 4 -, []9,888.38 - 11,144.7
M90.4-96.8 W 11,1448 - 12,4011
B 9%.9-103.3 [12,401.2 - 13,657.4
I 13,657.5 - 14,913.7
M 14,913.6 - 17,761.5

I 103.4 - 109.8
M 109.9-116.3

(~12 km spatial resolution)




Environmental Health Data Linkage
(Objective 2)




REasons for Geographic And Racial Differences
In Stroke (REGARDS) Study Population

» Longitudinal population-based cohort of over 30,000 volunteers age 45
and older

» Racial representation
e 50% African American

e 50% white
» Sex representation

e 50% male
e 50% female
» Geographic representation
e 20% from the buckle of the stroke belt
e 30% from the stroke belt
e 50% from the rest of the contiguous US
» Successfully transferred from UAB to NASA/MSFC
 BAA as per HIPPA Regulations
e Data Encryption




Data Linkage for Biostatistical Analyses

» Link in a GIS the estimates of the PM, ., Solar Insolation, and Air Temperature with
health data from all participants in the REGARDS study on the individual level at the
geographic coordinates of their residences

» Sort the environmental data by participant ID, and merge in with the corresponding
health data from the REGARDS database

» Determine whether exposures to these environmental risk factors are related to cognitive
decline and other health outcomes such as hypertension, inflammation, and stroke

Participant

Lat

Lon

Day1
Solar Insolation
(KJIm¥Day)

Day2

SolarInsolation
(KJim¥Day)

Day3
SolarInsolation
(KJIm#/Day)

Day365
Solar Insolation
(KJIm¥/Day)

7950

8941

8945

7830

7401

8501

8412

7501

8001

1015

8291

8401

Simulated example of the
linked data set consisting
of participant ID and the
associated NLDAS solar
insolation




Data Dissemination via CDC WONDER
(Objective 3)




Data Dissemination via CDC WONDER

Examples of County-level Spatial and Temporal Statistics
Tabular Grid-level Daily Data (Map and Chart) as provided by CDC-WONDER real-time data queries

Grid Cell | County, State | FIPS Dayl Day2 Day3 N Day365

Tmax (°F) | Tmax (°F) | Tmax (°F) Tmax (°F)
Kern, CA 71 74 66 70

Kern, CA 70 72 67 69

Kern, CA 72 73 66 72

7 'Spatial Mean (°F)
[Je1-71
[J72-80
[Es1-90
Mot -99

> Environmental exposure -. " B 100- 109

datasets will be made available to

public health professionals,
researchers and the general
public via WONDER, where they
can be aggregated to the county-
level or higher as per users’ need

103936 | Aroostook, ME

Avg Daily Max Air Temperature(F)
# of Observations
Range
Standard Deviation
87.85
11

(87.20 to 88.40)
0.43

85.82

. Autauga C AL (01001
> Users are able to spatially and utauga County, AL (

temporally query datasets and
create county- and higher-level
maps and downloadable
statistical tables and charts of
data across the contiguous U.S.

Spatial Mean Tmax (F)

Baldwin County, AL (01003) (84.30 %g 87.20)

0.61
86.04
Barbour County, AL (01005) 14

(85.50 to 86.60)
»Enabling easy linkage of the 0.37
environmental exposure data Bibb County, AL (01007) 86g92
with other health data available ’ (86.40 to 87.50)

0.31
via CDC WONDER County Name

Bibb County, AL
Blount County, AL
Clay County, AL
Cleburne County, AL
Dale County, AL
Dallas County, AL
DeKalb County, AL

Autauga County, AL
Baldwin County, AL
Barbour County, AL
Bullock County, AL
Butler County, AL
Calhoun County, AL
Chambers County, AL
Cherokee County, AL
Chilton County, AL
Choctaw County, AL
Clarke County, AL
Coffee County, AL
Colbert County, AL
Conecuh County, AL
Coosa County, AL
Covington County, AL
Crenshaw County, AL
Cullman County, AL
Elmore County, AL
Escambia County, AL
Etowah County, AL




CDC WONDER Main Web Page

http://wonder.cdc.qov/

CDC

L O T 1 e P

Sezarch |

What is
WONDER?

Freguently Asked
Cluestions

Cata Use
Restricticns

Ciata Collections

COC Home Seanch

Health Topics A-Z

VIDONDER Homs

CDC WONDER

Contact s Saanch

WOMNDER online databases utilize a rich ad-hoc guery system for the analysis
of public health data. Reports and other guery systems are also available.

VWONDER Zystems Topics A-Z Index

® VWONDER Online Databases
¥ AIDS Public Use Data

k Births

P Cancer Statistics

Enwircnment

Citations

Republishing
WOMNDER Data

What's New?

¥ Claily Air Temperatures B Heat Index

¥ Claily Land Surface Temperatures
¢ Daily Finge Particulate Matter

kFDaily Sunlight

¥ Claily Precipitation

Martality
Underlying Cause of Death

¥ Dietailed Mortality
FCompressed Mortality
b Multiple cause of death [Cetailed
Maortality]

b Infant Dieaths (Linked Birth/Infant
Cieath Records]

# 2nling Tuberculosis Information Svstem

Population
¥ Bridged-Race Population (from MNCHS]
¥ Population [from Census]

P Sexually Transmitted Dissase Morbidiby

¥ Waccine Adwverse Event Reporting

¥ Denctes numerical data available to guery or download

® Reporis and References

Prevention Guidelines
[archive]

Scientific Diata and
Ciocumentation

& Other Query Systems

» Healthy People 2010
F MMWE Morbidity Tables
» MMWR Mortalicy Tables



http://wonder.cdc.gov/

NLDAS-derived Heat-related Products on CDC WONDER

Now Available at http://wonder.cdc.gov/nasa-nldas.html|

COC Home  |Search Health Topics A-Z

CDC WONDER

Help Contact Us Search

BAFER-HEALTHILR: FLOFLE WONDER H

North America Land Data Assimilation System (NLDAS) Daily Air Temperatures and Heat Index (2003-2008) Request

Request Form Results Map About

DCstzset Dooumentst ey = Flestrict w to Use WOMNDER Reset

Make zll desired selections and then click any Send button one time o send your reguest.
¢ ra

Send

Group Results By | . _ Select a temperature scale.
= Fahrenheit Celsius
And By

And By
And By
And By |, "
Select Measures [Check box to include in results, Must select at least one.)
Daily Max Air Temperature [F):
Avg Temperature # of Observations Range Standard Deviation

Daily Min Air Temperature (F):
O Avg Temperature

Daily Max Heat Index (F):
[ Awg Heat Index



http://wonder.cdc.gov/nasa-nldas.html

CDC WONDER Tabular Results

North America Land Data Assimilation System (NLDAS) Daily Air Temperatures and Heat Index (2003-2008) Results

Request Form Results | Map || Chart || About

Dratzset Dooumentstion  Help for Results  Printing Tips  Help with Exports Export Reset

Quick Options More Options Motes Citation Querny Criteria

Avg Daily Max Air Temperature(F)
# of Observations
Range
Standard Deviation

87.85
11
(87.20 to 88.40)
0.43

85.82
z6

{24.30 to 57.20)
0.61

26.04
14

(85.50 to 86.60)
0.37

B6.52
g
(86.40 to 87.50)
0.21

84.20
10

(82.60 to 54.90)
0.43

86.57
10

(26.10 to 87.30)
0.44

County # i

Autauwga County, AL (01001

Baldwin County, AL (01003)

Barbour County, AL (01005]

Bibb County, AL (01007)

Blount County, AL (0100%)

Bullock County, AL (01011]




CDC WONDER Map Results

Morth America Land Data Assimilation System (NLDAS) Daily Air Temperatures and Heat Index (2003-2008) Maps

Regquest Form Regu lts Map

Datawsi Documentation Help for Maps

Chart

Pranting Tizs

About

Reset

Avg Daily Max Air Temperature(F) for The United States

1

m Map Options Motes Citstion Query Criteris

56.80 10 76.58

»76.60 to 81.69
>81.70 to 84.04
>84.05 to 86.03
>86.04 to 87 .64
>87.65 to 89.05
>89.06 to 90.28
>90.29 to 91.58
>91.59 to 93.76
>93.77 to 109.0¢




CDC WONDER Chart Results

Morth America Land Data Assimilation System (NLDAS) Daily Air Temperatures and Heat Index (2003-2008) Charts

Request Form Results Map About

Dmtsset Documentstion Help for Charts  Print . Reset

m Chart Oplions Notes Citation Query Crit=ria

Avg Daily Max Air Temperature(F) By County

Butauga County, AL
fialchwin County, AL
Barbowr County, AL

Bibb County, AL
Blount County,
Bullook County,
Bustlar Coumty,
Callsamn Coumty,
Chamibers Couny,
Charokee Courty,
Chilton Courty,
Choctaw Courty,
Clarkw County,
Clay County,
Clebarne County,
Coftes County,
Calibart County,
Conscuh County,
Coona County,

Covirgton County,

Crenshaw County, A
Cudl man County,

Diale Cowunty,
Dallas Coundy,
Dealb County,
Elmore Coundy,

Estambin Couny,
Etcwah County,

Fayefie Cournty,




56.80 to 76.58
»76.60 to 81.69
>81.70 to B4.04
>84.05 to 86.03
>86.04 to 87 .64
>87.65 to 89.05
>89.06 to 90.28
>90.29 to 91.58
>91.59 to 93.76
>93.77 to 109.0¢

| [

! 8653

90.36

=) 90.88

CDC WONDER Spatial Aggregation

Division-level

Avg Daily Max Air Temperature(F) for The United States

July 15, 2007

>77.20 10 8065
>81.06 to 8337
D >B180 o B5.65

>B59T 0BT
(] >B7.31 to B7.84
=B8.71 to 89.12
- >§9.351091.50

>01.82 109328
[ ] >03.40 to 96.84

[] 7196t074563
0l

0

State-level




CDC WONDER Spatial/Temporal Aggregation

Avg Daily Max Air Temperature(F) for The United States
2007

Jan 1-Dec 31, 2007

&

[] 3941105424
[] *54:27 o 5747
] >57-20 to 6026
>60.27 to 63.04
>63.06 1o 6591
] >6592 to68.55
»68.56 to 71.60
>89.94 109112 *>T182 67519
>91.13 10 92.47 >T5.22 10 7761

*02.48 10 95,06 [ ] =TT.62 to BT.11
W 29507 o 11042

D 5700107795
O >77.97 0 B2.52
O >82.53 to B5.11
>B5.12 10 BT.14
>B7.15 to BE.G4
(=] >B8.65 10 88.93

Jan 1-Dec 31, 2007

4895165333 v
D *53.46 to 54.30
I:I =54.77 to 56.68
D >57.81 to 59.11

»50.63 to 61.93

T294 167558
>T8.084 1o 8137
=81.48 to B4.16
D >B4.35 to BE.OB
>BE.58 to BT 56

(] =B7.60 to BB.73 >62.37 to 64.00
>B8.93 to 89.45 . =B34 to 6681
>B5.68 10 91.00 - »68.36 o 71.32
>91.28 to94.04 - *T2.72 to T6.T0

[ ] >TE.79 to 81.11

B >84.19 to 98.42



Summary

Development of national daily products of PM, ;,LST, maximum and minimum air
temperature, maximum heat index, and solar insolation for 2003-2008

Linkages of these data with public health data from the REGARDS national
cohort study for environmental health correlation studies

Dissemination of these environmental datasets to public health professionals,
researchers and the general public via the CDC WONDER online system

» Maximum and minimum air temperature and maximum heat index datasets,

PM, ¢, LST, and solar insolation have been released at
http://wonder.cdc.gov/nasa-nldas.htmi

Providing a useful addition to CDC WONDER, allowing public health
researchers and policy makers to better include environmental exposure data in
the context of other health data available in CDC WONDER online system

Substantially expanding public access to these NASA environmental datasets,
making their use by a wide range of decision makers more feasible



http://wonder.cdc.gov/nasa-nldas.html

Synergies

Conversations, collaborations and partnerships help achieve more robust
Decision Support Systems

Downscaled LST and heat products
» Public Health

» Weather and Climate

» Ecological Forecasting

» Agricultural Applications

Enhanced estimates of individual air pollution exposure
» Air Quality Modeling
» Public Health Applications

Integration methods/procedures of Earth observations into Decision Support
Systems and dissemination processes for societal benefits




Thanks!

Presenter’ s Contact Information:
Mohammad Z. Al-Hamdan, PhD

mohammad.alhamdan@nasa.gov
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