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•  To	  discuss	  the	  availability	  and	  usefulness	  of	  
NASA	  remote	  sensing	  data,	  and	  data	  discovery	  
and	  access	  services,	  in	  support	  of	  air	  quality	  
research	  and	  modeling	  for	  public	  health	  
studies	  

•  To	  discuss	  data	  usability	  issues	  and	  poten9al	  
solu9ons	  that	  enable	  the	  use	  of	  remote	  
sensing	  data	  in	  air	  quality	  modeling	  and	  
research	  

Presenta9on	  Purpose	  
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Environmental	  Health	  
Environmental	  health	  is	  that	  branch	  of	  public	  health	  that	  is	  concerned	  
with	  all	  aspects	  of	  the	  natural	  and	  built	  environment	  that	  may	  affect	  
human	  health.	  The	  field	  of	  environmental	  health	  is	  closely	  related	  to	  
environmental	  science	  and	  public	  health	  as	  environmental	  health	  is	  
concerned	  with	  environmental	  factors	  affec6ng	  human	  health.	  
	  

World	  Health	  Organiza9on:	  
(h\p://www.who.int/topics/environmental_health/en)	  

Environmental	  health	  addresses	  all	  the	  physical,	  chemical,	  and	  biological	  
factors	  external	  to	  a	  person,	  and	  all	  the	  related	  factors	  impac9ng	  
behaviours.	  It	  encompasses	  the	  assessment	  and	  control	  of	  those	  
environmental	  factors	  that	  can	  poten6ally	  affect	  health.	  It	  is	  targeted	  
towards	  preven9ng	  disease	  and	  crea9ng	  health-‐suppor9ve	  
environments.	  This	  defini9on	  excludes	  behaviour	  not	  related	  to	  
environment,	  as	  well	  as	  behaviour	  related	  to	  the	  social	  and	  cultural	  
environment,	  and	  gene9cs	  
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Remote	  Sensing	  Data	  and	  Public	  Health	  

Key	  informa9on	  required	  by	  epidemiological	  studies	  is	  
the	  spa9al	  and	  temporal	  distribu9ons	  of	  
environmental	  factors	  and	  their	  proximity	  to	  
concerned	  cohorts.	  

•  Remote	  sensing	  data	  provides	  evenly	  gridded	  
spa9al	  coverage	  

•  Collec9on	  is	  quick	  and	  systema9c	  
•  Provides	  global	  coverage	  
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Remote	  Sensing	  Data,	  	  
Environmental	  Health,	  and	  Public	  Health	  

	  

The	  poten5al	  of	  Remote	  Sensing	  data	  to	  contribute	  
measureable	  Environmental	  Health	  factors	  to	  Public	  
Health	  research	  is	  evident,	  if	  not	  fully	  realized	  

5	  

Remote	  Sensing	  
Data	  

	  

Environmental	  
Measurements	  

Environmental	  
Health	  Factors	  

Public	  Health	  
Research	  
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NASA’s	  Earth	  Observing	  System	  Opera9ng	  Missions	  
EOS	  Science	  Project	  Office,	  Image	  by	  Jenny	  Mo\ar	  



Remote	  Sensing	  Measurements	  Found	  
Useful	  for	  Air	  Quality	  Modeling	  and	  

Related	  Disease	  Research	  
(not	  exhaus9ve)	  

–  Aerosol 
–  Atmospheric Chemistry components 
–  Normalized	  Difference	  Vegeta9on	  Index	  (NDVI)	  
–  Surface Temperature 
–  Solar Insolation 
–  Relative Humidity 
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Exemplary	  NASA	  Air	  Pollu9on	  Related	  
Disease	  Research	  Using	  Remote	  Sensing	  Data	  

•  Yang	  Liu/Harvard	  School	  of	  Public	  Health,	  Enhancing	  Environmental	  Public	  
Health	  Tracking	  with	  Satellite-‐Driven	  Par9cle	  Exposure	  Modeling	  and	  
Epidemiology	  

•  Jeffrey	  Luvall/NASA	  Marshall	  Space	  Flight	  Center,	  Integra9on	  of	  Airborne	  
Dust	  Predic9on	  Systems	  and	  Vegeta9on	  Phenology	  to	  Track	  Pollen	  for	  
Asthma	  Alerts	  in	  Public	  Health	  Decision	  Support	  Systems	  

•  Leslie	  McClure/University	  of	  Alabama	  at	  Birmingham,	  Linking	  NASA	  
Environmental	  Data	  with	  a	  Na9onal	  Public	  Health	  Cohort	  Study	  to	  
Enhance	  Public	  Health	  Decision	  Making	  

•  Stanley	  Morain/University	  of	  New	  Mexico,	  Adding	  NASA	  Earth	  Science	  
Results	  to	  EPHTN	  via	  the	  NM/EPHT	  System	  

•  Amy	  Huff/Ba\elle	  Memorial	  Ins9tute,	  Using	  NASA	  Satellite	  Aerosol	  Op9cal	  
Depth	  Data	  to	  Create	  Representa9ve	  PM2.5	  Fields	  for	  Use	  in	  Human	  
Health	  and	  Epidemiology	  Studies	  in	  Support	  of	  State	  and	  Na9onal	  
Environmental	  Public	  Health	  Tracking	  Programs	  
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EOSDIS	  –	  Earth	  Observing	  System	  Data	  and	  Informa9on	  System	  
DAAC	  –	  Distributed	  Ac9ve	  Archive	  Center	   9	  

h\ps://earthdata.nasa.gov/data/data-‐centers	  



EOSDIS	  –	  Earth	  Observing	  System	  Data	  and	  Informa9on	  System	  
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EOSDIS	  –	  Earth	  Observing	  System	  Data	  and	  Informa9on	  System	  
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• The	  GES	  DISC	  specializes	  in	  serving	  and	  suppor9ng	  
atmospheric,	  hydrologic,	  and	  precipita9on	  remote	  
sensing,	  and	  remote	  sensing	  based	  assimilated	  data	  	  

• The	  GES	  DISC	  provides	  data	  access,	  discovery,	  
visualiza9on,	  retrieval,	  and	  analysis	  services	  to	  glean	  
informa9on	  from	  data	  

• Many	  GES	  DISC	  datasets	  are	  useful	  for	  air	  quality	  
research,	  modeling,	  surveillance,	  and	  decision	  support	  
systems	  

• The	  GES	  DISC	  is	  one	  of	  several	  NASA	  data	  archives	  
containing	  data	  useful	  for	  air	  quality	  research	  

	  	  

At	  the	  GES	  DISC	  …	  



Rela9ng	  Remote	  Sensing	  Data	  to	  	  
Air	  Quality	  Research	  

13	  

Temporal	  Coverage,	  Temporal	  Resolu9on,	  Spa9al	  
Resolu9on	  Considera9ons:	  
	  

• Measurements	  with	  long	  temporal	  coverage	  are	  useful	  for	  long	  
term	  studies	  and	  health	  trend	  rela9onships.	  

• High	  temporal	  resolu9on	  measurements	  support	  short	  term	  
health	  variability	  studies.	  

• High	  spa9al	  resolu9on	  measurements	  are	  used	  for	  rela9ng	  to	  
local,	  small	  region	  health	  studies.	  

• Lower	  resolu9on	  remote	  sensing	  measurements	  are	  sufficient	  
for	  wider,	  regional	  public	  health	  studies	  	  



GES	  DISC	  Data	  Holdings	  Relevant	  to	  Air	  Quality	  
Research	  and	  Modeling	  	  

(See	  backup	  slides	  for	  spa9al	  resolu9on,	  temporal	  coverage,	  usage,	  and	  
health	  relevance…	  and	  acronym	  list)	  
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Remote	  Sensing	  Data	   Assimilated	  Data	  

Aerosol	   OMI,	  TOMS,	  HIRDLS	   GOCART	  

Atmospheric	  Composi9on	   AIRS,	  OMI,	  MLS,	  HIRDLS	   MERRA	  

Vegeta9on	  Index	   GLDAS,	  NLDAS,	  MERRA	  

Surface	  Air	  Temperature	   AIRS,	  TOVS	   GLDAS,	  NLDAS,	  MERRA	  

Insola9on	   SORCE	  

Rela9ve	  Humidity	   AIRS,	  OMI,	  MLS,	  TOMS	   MERRA,	  NLDAS	  



GES	  DISC	  Data	  Search	  and	  Access	  Services	  
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Mirador	  
h\p://mirador.gsfc.nasa.gov	  

Choose:	  
Keyword	  search,	  Time	  
Loca9on…	  
or	  Project…	  
or	  Science	  Area	  

Other	  Services:	  
-‐	  OPenDAP	  
h\p://disc.sci.gsfc.nasa.gov/services/opendap/	  
-‐	  GrADS	  Data	  Server	  (GDS)	  
h\p://disc.sci.gsfc.nasa.gov/services/grads-‐gds	  
-‐	  Web	  Map	  Service	  (WMS)	  
h\p://disc.sci.gsfc.nasa.gov/services/ogc_wms	  
-‐	  Simple	  Subset	  Wizard	  (NASA	  Earth	  science	  data-‐
wide	  data	  subsemng	  service)	  
h\p://disc.gsfc.nasa.gov/SSW/	  
	  
	  



Giovanni	  and	  other	  web-‐based	  
tools	  allow	  scien9sts	  to	  

compress	  the	  9me	  needed	  for	  
pre-‐science	  preliminary	  tasks:	  	  

data	  discovery,	  access,	  
manipula5on,	  visualiza5on,	  and	  

basic	  sta5s5cal	  analysis.	  	  

DO	  SCIENCE	  

Submit	  the	  paper	  

Minutes	  

Web-‐based	  Services:	  

Perform	  filtering/masking	  

Find	  data	  	  
Retrieve	  high	  	  
volume	  data	  	  

Extract	  parameters	  

Perform	  spa6al	  	  
and	  other	  subsePng	  

Iden6fy	  quality	  and	  other	  	  
flags	  and	  constraints	  

Develop	  analysis	  	  
and	  visualiza6on	  	  

Accept/discard/get	  more	  data	  	  
(sat,	  model,	  ground-‐based)	  

Learn	  formats	  	  
and	  develop	  readers	  	  

Jan	  

Feb	  

Mar	  

May	  

Jun	  

Apr	  

Pre-‐Science	  

Days	  for	  
explora6on	  

Use	  the	  best	  data	  for	  	  
the	  final	  analysis	  

Write	  the	  paper	  
Derive	  conclusions	  

Explora6on	  

Use	  the	  best	  data	  for	  	  
the	  final	  analysis	  

Write	  the	  paper	  

Ini6al	  Analysis	  

Derive	  conclusions	  

Submit	  the	  paper	  

Jul	  

Aug	  

Sep	  

Oct	  

The	  Old	  Way:	  	   	  The	  Giovanni	  Way:	  	  

	  Read	  Data	  	  

Subset	  Spa6ally	  	  

Filter	  Quality	  	  

	  Reformat	  	  

Analyze	  	  

Explore	  

	  Reproject	  	  

	  Visualize	  

	  Extract	  
Parameter	  	  Giovanni	  

DO	  
SCIENCE	  

Giovanni	  Data	  Discovery	  and	  Explora9on	  
Allows	  Researchers	  to	  	  Concentrate	  on	  the	  Research	  

disc.sci.gsfc.nasa.gov/giovanni	  



Choose	  Giovanni	  instance…	  
	   	   	   	   	   	   	   	   	  select	  loca9on,	  9me,	  
	   	   	   	   	   	   	   	   	  measurement,	  
	   	   	   	   	   	   	   	   	  and	  visualiza9on	  



PM2.5	  (EPAà	  DataFed	  à	  Giovanni)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Deep	  Blue	  MODIS	  Aerosol	  Op6cal	  Depth	  
	  

The	  standard	  MODIS	  AOT 	  	  	  	  	  	  	  	  	  	  	   	   	  	  	  	  	  	  	  GOCART	  AOT	  

PM2.5	  data	  in	  Giovanni	  	  
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Let’s	  talk	  about	  NASA	  Remote	  Sensing	  Data	  
Usability	  for	  Air	  Quality	  Research	  and	  Modeling	  

19	  

•  Remote	  Sensing	  provides	  a	  significant	  resource	  in	  
producing	  Environmental	  Health	  measurements	  valuable	  
in	  studying	  Public	  Health,	  and	  specifically	  Air	  Quality	  

•  Please	  note:	  NASA	  data	  is	  typically	  created	  to	  address	  
specific	  science	  research	  ques9ons,	  but	  broader	  use	  in	  
science	  applica9ons	  research	  is	  proven	  and	  effec9ve	  

• When	  u9lizing	  remote	  sensing	  data	  for	  science	  
applica9ons	  research,	  a	  very	  good	  understanding	  of	  the	  
data	  is	  needed,	  as	  well	  as	  how	  the	  data	  needs	  to	  be	  made	  
usable	  (interpreted)	  for	  the	  specific	  applica9on	  research	  

•  Time	  investment	  is	  needed…	  but	  worth	  it.	  



Interpre9ng	  NASA	  Remote	  Sensing	  Data	  for	  Air	  
Quality	  Research	  and	  Modeling	  
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Popular	  Air	  Quality	  Models:	  
•  Community	  Mul9scale	  Air	  Quality	  (CMAQ)	  model,	  
developed	  jointly	  by	  the	  US	  Environmental	  Protec9on	  
Agency	  (EPA)	  and	  the	  Na9onal	  Oceanic	  and	  Atmospheric	  
Administra9on	  (NOAA)	  

•  NASA-‐Unified	  Weather	  Research	  and	  Forecas9ng	  (NU-‐WRF)	  
model.	  The	  NU-‐WRF	  modeling	  system	  has	  explicit	  land-‐
cloud-‐aerosol-‐precipita9on	  interac9ons	  



Interpre9ng	  NASA	  Remote	  Sensing	  Data	  for	  Air	  
Quality	  Research	  and	  Modeling	  
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Technical	  Challenges:	  
•  Having	  specialized	  data	  access	  services	  for	  Level	  2	  data:	  
Regional	  modelers	  prefer	  high	  resolu9on	  satellite	  data,	  while	  
most	  data	  services	  provide	  merged	  Level	  3	  products	  

•  Obtaining	  quality	  filtered	  data:	  Data	  quality	  filtering	  requires	  
in-‐depth	  understanding	  of	  the	  specific	  data	  product,	  and	  
knowledge	  of	  common	  prac9ces	  by	  the	  air	  quality	  and	  
remote	  sensing	  communi9es	  	  

•  Acquiring	  proper	  horizontal	  projec9ons:	  Regional	  modelers	  
define	  their	  own	  horizontal	  gridding	  with	  regular	  spacing	  in	  
distance,	  not	  necessarily	  following	  la9tude/longitude	  lines	  

•  Acquiring	  data	  in	  formats	  that	  are	  model	  ready:	  Data	  needs	  
to	  be	  converted	  into	  formats	  compa9ble	  with	  air	  quality	  
models	  
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The	  NASA	  Remote	  Sensing	  Data	  Interpreta9on	  for	  Air	  Quality	  
Research	  and	  Modeling	  includes	  the	  following	  features:	  
•  Spa6al	  projec6on	  -‐	  Cast	  high-‐resolu9on	  Level	  2	  satellite	  data	  directly	  into	  
dynamically	  generated	  user-‐defined	  regional	  model	  gridding.	  	  

•  Format	  conversion	  -‐	  Convert	  HDF	  or	  netCDF	  data	  into	  model	  specific	  
formats.	  

•  Quality	  filtering	  -‐	  Apply	  quality	  control	  flags	  to	  filter	  data.	  
•  Temporal	  resolu6on	  adjustment	  –	  Adjust	  desired	  data	  to	  extract	  data	  
coincident	  with	  model	  requirement.	  	  

•  Model	  ready	  output	  –	  Provide	  modelers	  output	  files	  in	  specific	  format	  and	  
projec9on	  directly	  usable	  in	  their	  model,	  consistent	  with	  other	  model	  inputs.	  

•  Domain	  Defini6on	  –	  Allow	  modelers	  to	  dynamically	  define	  their	  own	  domain	  
•  Browse	  images–	  Allow	  quick	  look	  at	  domain	  data	  results	  
•  Expandability	  –	  Provide	  capabili9es	  that	  can	  be	  reused/adapted	  for	  other	  
models.	  

Interpreta9on	  of	  NASA	  Remote	  Sensing	  Data	  	  
for	  Air	  Quality	  Research	  and	  Modeling:	  

Proof	  of	  Concept	  



Interpreta9on	  of	  NASA	  Remote	  Sensing	  Data	  	  
for	  Air	  Quality	  Research	  and	  Modeling:	  

Proof	  of	  Concept	  
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•  Learn	  from	  previously	  developed	  interpreters:	  	  Wisconsin	  Horizontal	  
Interpola9on	  Program	  for	  Satellites	  (WHIPS)	  (Holloway,	  Univ.	  of	  Wisconsin)	  

•  U9lize	  exis9ng	  components	  for	  interpre9ng	  data:	  



Interpreta9on	  of	  NASA	  Remote	  Sensing	  Data	  	  
for	  Air	  Quality	  Research	  and	  Modeling:	  

Proof	  of	  Concept	  
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Interpreta9on	  of	  NASA	  Remote	  Sensing	  Data	  	  
for	  Air	  Quality	  Research	  and	  Modeling:	  

Proof	  of	  Concept	  
	  
User	  interface	  to	  dynamically	  select	  data	  and	  domain:	  
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Interpreta9on	  of	  NASA	  Remote	  Sensing	  Data	  	  
for	  Air	  Quality	  Research	  and	  Modeling:	  

Proof	  of	  Concept	  
	  
Exemplary	  Remote	  Sensing	  Data	  Products:	  
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Interpreta9on	  of	  NASA	  Remote	  Sensing	  Data	  	  
for	  Air	  Quality	  Research	  and	  Modeling:	  

Proof	  of	  Concept	  
Sample	  Results:	  	  Comparison	  of	  daily	  OMI	  tropo.	  NO2	  ver9cal	  column	  density	  (VCD)	  before	  
and	  aper	  quality	  control:	  a)	  no	  quality	  control;	  b)	  VCD	  quality	  flag	  set	  to	  zero;	  c)	  addi9onal	  filtering	  with	  
could	  frac9on	  <	  50%;	  and	  d)	  aper	  VCD,	  cloud	  frac9on,	  and	  row	  anomaly	  (set	  to	  0)	  filtering.	  	  
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Interpreta9on	  of	  NASA	  Remote	  Sensing	  Data	  	  
for	  Air	  Quality	  Research	  and	  Modeling:	  

Proof	  of	  Concept	  
	  

Sample	  Results:	  	  Spa9al	  projec9on	  of	  OMI	  NO2	  Level	  2	  
swath	  (lep)	  into	  a	  Lambert	  Conformal	  CMAQ	  domain	  (12km	  
x	  12km	  over	  the	  con9nental	  United	  States)	  (right)	  	  



 

•  Satellite	  remote	  sensing	  data	  and	  services	  hold	  great	  
promise	  to	  alleviate	  limita9ons	  of	  monitor-‐based	  
environmental	  data	  collec9ng	  

•  Obstacles	  such	  as	  uncertain9es	  in	  methodology,	  data	  
accessibility	  (for	  epidemiologists)	  and	  data	  quality	  are	  being	  
addressed	  

•  Numerous	  community	  efforts	  are	  addressing	  these	  issues	  on	  
local	  and	  global	  levels	  

•  Interpre9ng	  remote	  sensing	  data	  to	  address	  the	  specific	  
needs	  of	  end	  user	  communi9es,	  such	  as	  air	  quality	  modelers	  
and	  health	  impact	  studies,	  can	  be	  done,	  and	  should	  be	  
further	  pursued	  to	  facilitate	  data	  usability	  by	  these	  
communi9es	  

Conclusions	  



Thank	  You	  
	  
	  

Backup…	  
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Exemplary	  NASA	  Vector	  Borne	  Disease	  
Research	  Using	  Remote	  Sensing	  Data	  

•  Jorge	  Pinzon/Science	  System	  and	  Applica9ons,	  Inc	  (SSAI),	  Predic9ng	  Zoono9c	  
Hemorrhagic	  Fever	  Events	  in	  Sub-‐Saharan	  Africa	  using	  NASA	  Earth	  Science	  Data	  for	  
DoD	  -‐	  Global	  Emerging	  Infec9ons	  Surveillance	  and	  Response	  System	  

•  Benjamin	  Zaitchik/Johns	  Hopkins	  University,	  Development	  of	  a	  Detec9on	  and	  Early	  
Warning	  System	  for	  Malaria	  Risk	  in	  the	  Amazon	  

•  Daniel	  Irwin	  and	  John	  	  Kessler/NASA	  Marshal	  Space	  Flight	  Center,	  SERVIR	  Africa	  
•  Sue	  Estes/NASA/USRA,	  Inves9ga9ng	  the	  Poten9al	  Range	  Expansion	  of	  the	  Vector	  

Mosquito	  Aedes	  aegyp9	  in	  Mexico	  with	  NASA	  Earth	  Science	  Remote	  Sensing	  
Results.	  

•  Michael	  Wimberly/South	  Dakota	  State	  University,	  Enhanced	  Forecas9ng	  of	  
Mosquito-‐Borne	  Disease	  Outbreaks	  Using	  AMSR-‐E	  

•  Richard	  Kiang/NASA	  Goddard	  Space	  Flight	  Center,	  Modeling	  Global	  Influenza	  Risks	  
using	  NASA	  Data	  

•  Richard	  Kiang/NASA	  Goddard	  Space	  Flight	  Center,	  Avian	  Influenza	  Risk	  Predic9on	  
in	  Southeast	  Asia	  and	  Early	  Warning	  of	  Pandemic	  Influenza	  

•  Xiangming	  Xiao/University	  of	  Oklahoma,	  Integra9ng	  Earth	  observa9ons	  and	  
satellite	  telemetry	  of	  wild	  birds	  for	  decision	  support	  system	  of	  avian	  influenza	  

•  Ka5a	  Charland/Children's	  Hospital	  Boston,	  Applica9on	  of	  NASA	  Data	  to	  Develop	  
an	  Influenza	  Forecas9ng	  System	   31	  



Exemplary	  NASA	  Water	  Borne	  Disease	  
Research	  Using	  Remote	  Sensing	  Data	  

•  Richard	  Stumpf	  and	  Timothy	  Wynne/Na9onal	  Oceanic	  Atmospheric	  
Administra9on	  Ocean	  Service,	  Monitoring	  and	  Forecas9ng	  Cyanobacterial	  
Blooms	  for	  Public	  Health	  Protec9on	  and	  Response	  

•  Zhiqiang	  Deng/Louisiana	  State	  University,	  Feasibility	  Study	  of	  Satellite-‐
Assisted	  Detec9on	  and	  Forecas9ng	  of	  Oyster	  Norovirus	  Outbreak	  

•  Charles	  Tilburg/University	  of	  New	  England,	  Influence	  of	  Land-‐Use	  and	  
Precipita9on	  on	  Regional	  Hydrology	  and	  Public	  Health	  

32	  



33	  

GES	  DISC	  Data	  Useful	  for	  Public	  Health	  Research	  Ac9vi9es	  
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Interpre9ng	  NASA	  Remote	  Sensing	  Data	  for	  Air	  
Quality	  Research	  and	  Modeling	  

38	  

•  Popular	  Air	  Quality	  Models:	  
•  Community	  Mul9scale	  Air	  Quality	  (CMAQ)	  model,	  developed	  jointly	  by	  the	  US	  Environmental	  

Protec9on	  Agency	  (EPA)	  and	  the	  Na9onal	  Oceanic	  and	  Atmospheric	  Administra9on	  (NOAA)	  

•  NASA-‐Unified	  Weather	  Research	  and	  Forecas9ng	  (NU-‐WRF)	  model.	  The	  NU-‐WRF	  modeling	  
system	  has	  explicit	  land-‐cloud-‐aerosol-‐precipita9on	  interac9ons	  

•  Interested	  Air	  Quality	  Projects:	  
•  Deriving	  Informa9on	  on	  Surface	  Condi9ons	  from	  Column	  and	  Ver9cally-‐Resolved	  Observa9ons	  

Relevant	  to	  Air	  Quality	  (DISCOVER-‐AQ)	  field	  campaigns.	  	  Designed	  to	  improve	  the	  
interpreta9on	  of	  satellite	  observa9ons	  to	  diagnose	  near-‐surface	  condi9ons	  rela9ng	  to	  air	  
quality.	  	  (Dr.	  Ken	  Pickering,	  DISCOVER-‐AQ	  Project	  Scien9st)	  

•  Air	  quality	  forecas6ng	  research	  and	  integra9on	  into	  the	  NOAA	  air	  quality	  forecas9ng	  model	  
system,	  lead	  by	  Dr.	  Pius	  Lee,	  NOAA	  Air	  Resources	  Laboratory	  (ARL).	  	  

•  Community	  Modeling	  and	  Analysis	  System	  (CMAS)	  center	  for	  air	  quality	  modeling	  
community,	  directed	  by	  Dr.	  Adel	  Hanna.	  	  Distributes	  and	  supports	  air	  quality	  modeling,	  
analysis,	  and	  decision	  support	  tools,	  including	  the	  CMAQ	  model,	  to	  over	  5000	  registered	  users.	  

•  University	  of	  Wisconsin	  (Tracy	  Holloway,	  also	  deputy	  leader	  of	  NASA’s	  Air	  Quality	  Applied	  
Science	  Team	  [AQAST])	  projects	  to	  analyze	  NO2	  trends	  from	  hydrofracturing	  over	  North	  
Dakota,	  isola9ng	  truck	  emissions	  on	  rural	  highways,	  and	  evalua9ng	  lightning	  NOx	  in	  CMAQ.	  


