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Report	
  Outline	
  

•  ExcepQonal	
  Event	
  Decision	
  Support	
  System	
  (EE	
  DSS)	
  	
  
•  InteracQon	
  with	
  end	
  users:	
  States,	
  Federal	
  &	
  Reg.	
  EPA	
  	
  
•  Recent	
  applicaQon	
  example:	
  Hawaii	
  Volcano	
  
•  Project	
  Accomplishments,	
  Plans:	
  ARLs	
  &	
  Sustainability	
  



EE	
  DSS	
  YouTube	
  Channel	
  



	
  
	
  
	
  
Channels	
  of	
  Interac&on	
  with	
  EE	
  DSS	
  Users	
  
	
  
Webinars,	
  Individual	
  interacQons	
  
	
  
Community	
  wikis	
  –	
  sharing	
  documents,	
  collaboraQng	
  
	
  
Video	
  Channel	
  –	
  IntroducQons,	
  tools	
  instrucQons	
  
	
  
Personal	
  CommunicaQon	
  
	
  



Typical	
  Webex	
  Mee&ng	
  Agenda	
  
•  Introduc&on	
  (1-­‐2	
  min):	
  Beth	
  Palma,	
  EPA,	
  OAQPS	
  
•  Webex,	
  par&cipa&on	
  (5	
  min):	
  	
  Erin	
  Robinson,	
  ESIP	
  Moderator	
  
•  EE	
  DSS	
  descrip&on	
  (30	
  min):	
  Rudy	
  Husar,	
  Washington	
  University	
  
•  Use	
  Cases	
  of	
  EE	
  DSS(20	
  min):	
  E.	
  Robinson,;	
  ParQcipants;	
  R.	
  Husar	
  	
  

Webinars	
  with	
  the	
  EE	
  DSS	
  Users	
  in	
  2013:	
  	
  

Apr	
  30,	
  	
  	
  	
  	
  	
  May	
  29,	
  	
  	
  	
  	
  	
  	
  Jul	
  25,	
  	
  	
  	
  	
  	
  	
  Sep.	
  19	
  



ApplicaQon-­‐Task-­‐Centric	
  

Workspaces	
  Example:	
  	
  
EventSpaces	
  

	
  

Catalog	
  -­‐	
  Find	
  Dataset	
  

Specific	
  Excep&onal	
  Event	
  

Harvest	
  Resources	
  



Data Sharing Infrastructure 
 
 
 

Std. Servers 

Emission 

Model 

Satellite 

Monitorig 
Network 

Data Pool Benefits 

AQ	
  status	
  
&	
  Trends	
  

Health	
  
Effects	
  

Climate	
  
Impact	
  

Science	
  &	
  
EducaQon	
  

Std. Tools User Tools 

DataFed	
  is	
  an	
  implementaQon	
  of	
  the	
  GEOSS	
  data	
  sharing	
  paradigm	
  
DataFed	
  also	
  includes	
  client	
  applicaQons	
  for	
  data	
  browsing,	
  exploraQon	
  and	
  analysis	
  
These	
  flexible	
  tools	
  can	
  be	
  used	
  on	
  any	
  dataset	
  form	
  anywhere	
  on	
  the	
  Web.	
  	
  

Adaptors 

EE	
  DSS	
  Built	
  on	
  Federated	
  Data	
  System.	
  DataFed:	
  

EE	
  DSS	
  



Data
Fed	
  

Data	
  Providers	
  

Data	
  Types:	
  
	
  

Surface	
  Obs:	
   	
  AirNOW,	
  AQS,	
  AirBase	
  
Satellites:	
   	
  MODIS,	
  OMI	
  
Emissions:	
   	
  NAAPS,	
  EDGAR	
  
Models:	
   	
   	
  NAAPS,	
  MACC,	
  CMAQ	
  

DataFed	
  Usage	
  Padern	
  
Based	
  on	
  Google	
  AnalyQcs	
  Data/Tool	
  Access	
  Count	
  	
  

(not	
  clicks)	
  	
  

Data	
  Users	
  

Applica&ons:	
  
	
  

Forecas&ng:	
  NE	
  US	
  
AQ	
  Managm.:	
  ESs	
  –	
  EUS,	
  	
  
Atm.	
  Science:	
  IIT	
  Bombai	
  
Inform	
  Public:	
  ??	
  Web	
  
users	
  



Datafed	
  Browser	
  and	
  Programming	
  Environment	
  

9	


Spa&al	
  View	
  

Time	
  Series	
  View	
  
Ver&cal	
  Profile	
  

View	
  

Seasonal	
  Cycle	
  
View	
  



AutomaQc	
  Event	
  Screening	
  &	
  DetecQon	
  Tool	
  

EUS Daily 
Average 

50%-ile, 30 day 50%-ile 
smoothing 

Deviation from %-ile 

Event : Deviation > x*percentile 

SpaQal	
  event	
  screening:	
  e.g.	
  smoke	
  
surface	
  conc.	
  >	
  10	
  ug/m3	
  	
  

Temporal	
  event	
  screening:	
  e.g.	
  smoke	
  surface	
  
conc.	
  >	
  x	
  percenQle	
  of	
  ‘normal’	
  values.	
  



NAAPS	
  has	
  a	
  key	
  role	
  in	
  EE	
  DSS:	
  
AdribuQon	
  of	
  exeedances	
  to	
  smoke	
  or	
  dust	
  

Relevant	
  NAAPS	
  Quali&es	
  
	
  

1.  Assimilates	
  satellite	
  aerosol	
  
opQcal	
  thickness	
  and	
  fire	
  pixels	
  

2.  Provides	
  4D	
  aerosol	
  structure	
  for	
  
dust,	
  smoke,	
  sulfate,	
  sea	
  salt	
  

3.  Open	
  access	
  to	
  10	
  years	
  of	
  global	
  
simulaQons	
  (via	
  DataFed)	
  	
  



NAAPS Model 
Navy Aerosol Analysis and Prediction System 

September 11, 2011 
Key: 
Smoke = blue 
Dust = green 
Sulfate = red 

D.	
  Westphal	
  



 NASA Data for NAAPS Initialization 
Forecasting is an initial value problem:  
Requires the 3-D distribution of aerosol concentration at the start of the forecast:  
 
Assimilation of previous forecast + information from remote sensing of aerosols 
Current capabilities:  

 Aerosol Optical Depth (AOD; 2-D) (MODIS and MISR) 
 Extinction (3-D) (CALIPSO) 

+ Land/Ocean MODIS 
+ Land/Ocean MISR 

Natural run + Ocean MODIS 
+ land/Ocean MISR 

MulQ-­‐sensor	
  assimilaQon	
  is	
  criQcal	
  to	
  aerosol	
  assimilaQon.	
  	
  



AOT	
  Bias	
  
Blue	
  –	
  under-­‐predicQon	
  

NAAPS	
  evaluaQon	
  for	
  total	
  Aerosol	
  OpQcal	
  Depth	
  (AOD)	
  
AERONET:	
  Surface-­‐based,	
  well	
  calibrated,	
  global,	
  mulQ-­‐year	
  

MODEL-­‐Data	
  BIAS	
  EvaluaQon	
  Tool	
  
(EPA	
  Supported)	
  	
  



NAAPS	
  evaluaQon	
  for	
  surface	
  smoke	
  concentraQon	
  
Surface-­‐based	
  Total	
  Organic	
  Carbon	
  Comparison	
  measurements	
  	
  	
  

	
  

•  Temporal	
  correla&on	
  shows	
  that	
  NAAPS	
  properly	
  
simulates	
  the	
  temporal	
  smoke	
  variaQon	
  over	
  NW	
  

•  Spa&al	
  correla&on	
  indicates	
  that	
  NAAPS	
  reproduces	
  
the	
  spaQal	
  distribuQon	
  of	
  smoke	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

•  Time	
  series	
  of	
  measured	
  IMPROVE	
  OCf	
  and	
  NAAPS	
  
smoke	
  over	
  the	
  cursor	
  box	
  shows	
  close	
  co-­‐variaQon	
  
Seasonal	
  cycle	
  of	
  OCf	
  and	
  NAAPS	
  averaged	
  over	
  the	
  
cursor	
  box	
  and	
  mulQple	
  years	
  is	
  very	
  similar.	
  	
  	
  	
  

•  SpaQal	
  and	
  temporal	
  correlaQon	
  in	
  the	
  purple	
  box	
  
is	
  excellent:	
  small	
  bias	
  

•  At	
  other	
  regions	
  of	
  the	
  US,	
  OCf	
  has	
  biogenic	
  and	
  
urban-­‐industrial	
  sources	
  	
  

Data	
  from	
  	
  VIEWS	
  data	
  system	
  
Companion	
  NAAPS	
  sub-­‐project	
  



EE	
  DSS	
  Support	
  Request	
  from	
  EPA	
  Region	
  9	
  
Volcanic	
  EEs	
  in	
  Hawaii	
  

•  EE	
  DetecQon	
  	
  
–  Which	
  monitors	
  are	
  candidate	
  violators	
  of	
  PM2.5	
  NAAQS?	
  	
  
–  What	
  days	
  have	
  values	
  above	
  the	
  PM2.5	
  NAAQS?	
  

•  EE	
  DocumentaQon	
  
–  What	
  are	
  the	
  other	
  sources	
  of	
  PM2.5	
  near	
  the	
  monitor(s)	
  

•  Do	
  they	
  impact	
  the	
  monitors	
  on	
  exceedance	
  days?	
  
•  Can	
  one	
  illustrate	
  the	
  effect	
  of	
  other	
  sources	
  vs.	
  the	
  volcano?	
  

–  What	
  are	
  the	
  condiQons	
  when	
  volcano	
  impacts	
  on	
  EE	
  monitors?	
  	
  	
  
•  What	
  is	
  the	
  volcanic	
  source/emission	
  strength?	
  
•  What	
  are	
  the	
  met.	
  condiQons/pathways	
  of	
  volcanic?	
  
•  Are	
  these	
  consistent	
  for	
  most	
  events?	
  	
  

–  Are	
  the	
  tools	
  and	
  methods	
  adequate	
  to	
  document	
  the	
  above?	
  
•  What	
  surface	
  &	
  satellite	
  obs.	
  and	
  modeling	
  tools	
  are	
  available?	
  	
  
•  Can	
  those	
  be	
  combined/integrated	
  for	
  robust	
  EE	
  documentaQon?	
  



DisQnguishing	
  volcano	
  vs	
  background	
  PM2.5	
  sources	
  
SpaQal	
  anomaly:	
  Excess	
  over	
  the	
  fluctuaQng	
  background	
  PM2.5	
  concentraQon	
  

Red	
  line	
  is	
  the	
  spaQal	
  anomaly:	
  	
  
Excess	
  PM2.5	
  at	
  KONA	
  over	
  the	
  
spaQally	
  uniform	
  but	
  Qme-­‐varying	
  
background	
  

SpaQal	
  analysis	
  could	
  help	
  
disQnguishing	
  background	
  and	
  
volcanic	
  PM2.5	
  	
   Background	
  ~	
  6	
  ug/m3	
  



What	
  days	
  have	
  values	
  above	
  the	
  PM2.5	
  NAAQS?	
  	
  
For	
  Kona	
  (2011-­‐12),	
  determined	
  by	
  the	
  Hawaii	
  EE	
  DSS	
  Screening	
  Tool	
  	
  

There	
  are	
  other	
  strategies	
  for	
  flag-­‐day	
  selecQon	
  from	
  the	
  pool	
  of	
  477	
  that	
  is	
  above	
  12	
  ug/m3.	
  	
  
Another	
  approach	
  is	
  based	
  on	
  spaQal	
  anomaly,	
  i.e.	
  deviaQon	
  from	
  the	
  neighboring	
  sites.	
  	
  
Using	
  that	
  criteria	
  would	
  require	
  flagging	
  174	
  days,	
  compared	
  to	
  168	
  days.	
  	
  
	
  
Given	
  the	
  many	
  (over	
  ~250)	
  days	
  to	
  be	
  flagged,	
  choosing	
  a	
  good	
  flag	
  sampling	
  and	
  flag	
  documentaQon	
  strategy	
  
is	
  a	
  key	
  task	
  for	
  the	
  collaboraQng	
  workgroup.	
  	
  	
  



Other	
  sources	
  of	
  PM2.5	
  impacQng	
  the	
  EE	
  monitor(s)	
  
Background	
  PM2.5	
  –	
  oceanic	
  aerosol	
  

A	
  possible	
  source	
  of	
  background	
  spikes	
  is	
  Asian	
  dust	
  
reaching	
  HI	
  –	
  suggested	
  by	
  the	
  NRL	
  NAAPS	
  model	
  
These	
  should	
  be	
  considered	
  as	
  ‘other	
  sources’.	
  

The	
  Hawaii	
  background	
  PM2.5	
  is	
  quite	
  uniform	
  at	
  ~	
  6	
  ug/m3	
  
But	
  spikes	
  up	
  to	
  12	
  ug/m3	
  can	
  occur	
  near-­‐simultaneously	
  at	
  
all	
  monitors.	
  	
  

Aggregate	
  of	
  6	
  background	
  monitors	
  



OMI	
  Satellite	
  Columnar	
  SO2	
  	
  	
  
Seasonal	
  averages,	
  2004-­‐2010	
  	
  

The	
  SO2	
  concentraQon	
  is	
  highest	
  at	
  the	
  volcano	
  –	
  in	
  the	
  vicinity	
  of	
  the	
  EE	
  sources	
  
The	
  transport	
  is	
  mostly	
  toward	
  the	
  West	
  with	
  the	
  trade	
  winds	
  	
  
	
  



MODIS	
  satellite	
  measurements	
  of	
  volcano	
  aerosol	
  (sulfate)	
  
Seasonal	
  averages	
  of	
  AOD,	
  2004-­‐2010	
  	
  

High	
  AOD	
  downwind	
  of	
  Hawaii,	
  the	
  volcano	
  source.	
  No	
  evidence	
  for	
  other	
  major	
  sources	
  
Seasonally	
  the	
  volcano	
  aerosol	
  plume	
  is	
  more	
  in	
  the	
  Spring	
  and	
  Summer	
  
Plume	
  transport	
  is	
  with	
  the	
  trade	
  winds	
  



OMI	
  satellite	
  measurements	
  of	
  columnar	
  NO2	
  
Seasonal	
  averages,	
  2004-­‐2010	
  	
  

Indicates	
  the	
  high	
  anthropogenic	
  emissions	
  in	
  Oahu.	
  No	
  NO2	
  signal	
  over	
  Hawaii	
  	
  



Why	
  is	
  the	
  PM2.5	
  impact	
  so	
  far	
  away	
  from	
  the	
  SO2	
  source?	
  
SO2-­‐Sulfate	
  conversion	
  takes	
  Qme	
  and	
  distance	
  

OMI	
  SO2	
  Column	
  ConcentraQon	
  

MODIS	
  AOD	
  PM	
  Column	
  

Satellite	
  measurements	
  of	
  SO2	
  and	
  AOD	
  
Average	
  2004-­‐2010,	
  June,	
  Jul	
  August	
  	
  

SO2	
  highest	
  
near	
  the	
  source	
  

Aerosol	
  OpQcal	
  Depth	
  
(AOD)	
  highest	
  downwind	
  

Possibly	
  accelerated	
  
in	
  fog/clouds	
  -­‐>	
  VOG	
  



Aspects	
  of	
  volcanic	
  emission	
  transport:	
  Conceptual	
  

StagnaQng,	
  mixing	
  
‘pool’	
  in	
  the	
  wake	
  of	
  
the	
  island	
  	
  

Surface	
  Winds:	
  Measurements,	
  NOGAPS	
  model	
  



Technical	
  Challenge:	
  	
  
Closing	
  Satellite-­‐Surface	
  PM	
  Gap	
  	
  

Public	
  Health	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Chem.	
  Climate	
  

Ecology,	
  Esth.	
  

Best	
  Available	
  
Atm.	
  Composi&on	
  

By	
  
Reconciling	
  Obs.,	
  
Emissions,	
  Models	
  

By	
  iteraQve	
  refinement	
  of	
  of	
  Emissions,	
  ObservaQons	
  and	
  Models	
  
	
  
The	
  NAAPS	
  Model	
  is	
  an	
  effecQve	
  approach	
  to	
  close	
  the	
  Emission-­‐
ObservaQon-­‐Model	
  loop.	
  	
  	
  	
  



Project	
  Contribu&ons	
  to	
  
NASA	
  

Final	
  Readiness	
  Level	
  8:	
  	
  
DSS	
  Func&onality	
  Proven;	
  NASA	
  

satellite	
  and	
  NAAPS	
  products	
  in	
  use	
  
for	
  smoke	
  &	
  dust	
  event	
  flagging	
  

Ini&al	
  Readiness	
  Level	
  6:	
  
	
  

Satellite	
  and	
  model	
  data	
  in	
  silos,	
  
inaccessible,	
  unused	
  	
  

From	
  demonstrated	
  
funcQonality	
  to	
  proven	
  
funcQonality	
  of	
  EE	
  DSS	
  

Project	
  Contribu&on	
  	
  
to	
  EPA	
  &	
  States:	
  

Final	
  EE	
  analysis:	
  
Uniform	
  na&onal	
  EE	
  detec&on	
  screening	
  
Tools	
  for	
  EE	
  analysis,	
  flag	
  documenta&on	
  

	
  
Pre-­‐DSS	
  EE	
  analysis:	
  

State-­‐by-­‐State;	
  ad	
  hoc,	
  slow,	
  non-­‐	
  
uniform	
  

From	
  Local,	
  ad	
  hoc,	
  to	
  
naQonal	
  EE	
  detecQon,	
  
analysis,	
  documentaQon	
  	
  

EE	
  DSS	
  Tools	
  are	
  applicable	
  for	
  NAAQS	
  
compliance	
  –‘Designa&on’	
  

Actual	
  ARL	
  is	
  ~	
  8.5.	
  	
  Proven	
  opera&onal	
  
applica&on.	
  Sustainability	
  uncertain	
  	
  

Accomplishments	
  and	
  Contribu&ons	
  of	
  Project	
  	
  



•  ARL	
  6	
  Demonstra&on	
  in	
  Relevant	
  Environment	
  (Poten&al	
  Demonstrated)	
  
•  Prototype	
  applicaQon	
  system	
  beta-­‐tested	
  in	
  a	
  simulated	
  operaQonal	
  environment	
  
•  Projected	
  improvements	
  decision-­‐making	
  demonstrated	
  in	
  simulated	
  OP	
  environment	
  

•  ARL	
  7	
  App.	
  Prototype	
  in	
  Partner’s	
  Decision-­‐Making	
  (Func&onality	
  Demod)	
  
•  Prototype	
  applicaQon	
  system	
  integrated	
  into	
  end-­‐user’s	
  operaQonal	
  	
  environment	
  
•  Prototype	
  applicaQon	
  funcQonality	
  tested	
  &	
  demonstrated	
  in	
  decision-­‐making	
  acQvity	
  

•  ARL	
  8	
  Applica&on	
  Completed	
  &	
  Qualified	
  (Func&onality	
  Proven)	
  
•  Finalized	
  app.	
  tested,	
  proven	
  operaQonal,	
  operate	
  as	
  expected	
  in	
  user’s	
  environment	
  
•  ApplicaQon	
  qualified	
  and	
  approved	
  by	
  user	
  for	
  use	
  in	
  decision-­‐making	
  acQvity	
  
•  User	
  documentaQon	
  and	
  training	
  completed	
  

End	
  ARL	
  is	
  ~	
  8.5	
  -­‐	
  Opera&onal	
  applica&on	
  is	
  proven.	
  Sustainability	
  uncertain	
  	
  

•  ARL	
  9	
  Applica&on	
  Completed	
  &	
  Qualified	
  (Func&onality	
  Proven)	
  
•  Sustained	
  use	
  of	
  applicaQon	
  system	
  in	
  decision-­‐making	
  context	
  

Project:	
  NASA	
  and	
  NAAPS	
  Products	
  for	
  AQ	
  Management	
  	
  
ApplicaQon	
  Readiness	
  Levels	
  (ARLs)	
  	
  

Pr
op

os
ed

	
  
Ac
tu
al
	
  



AQ	
  Management	
  Schedule	
  	
  

  
Deadlines)for))

Exceptional,Event,Flagging,and,Documentation,,
to)be)used)in)initial))

Designations,for,PM2.5,NAAQS,
,)

NAAQS Date Data for Year Flagging 
Deadline 

Detailed Document 
Deadline 

PM2.5/Annual NAAQS 
(12 µg/m3), Dec. 2012 

2011, 2012 July 1, 2013 December 12, 2013 

2013 July 1, 2014a August 1, 2014 
!



Near-­‐term	
  Plans	
  For	
  EE	
  DSS	
  

•  Follow	
  EPA	
  schedule	
  to	
  apply	
  the	
  EE	
  DSS	
  
•  Complete	
  Final	
  Project	
  Report	
  to	
  NASA,	
  Feb	
  2014.	
  
•  ConQnue	
  seeking	
  means	
  to	
  sustain	
  the	
  EE	
  DSS	
  
infrastructure	
  	
  



Many	
  Thanks:	
  

•  Contact:	
  Rudy	
  Husar,	
  rhusar@wustl.edu	
  

Many	
  thanks	
  to:	
  	
  
•  Kari	
  Hoijarvi,	
  Washington	
  University	
  
•  Anshu	
  Tirumali,	
  Washington	
  University	
  
•  Rich	
  Poirot,	
  State	
  of	
  Vermont	
  
•  Doug	
  Westphal,	
  Naval	
  Research	
  Lab	
  
•  Neil	
  	
  Frank,	
  EPA	
  
•  Ali	
  Omar,	
  NASA	
  Applied	
  Sciences	
  



Links	
  

•  PM2.5	
  	
  EE	
  Screen	
  PM25	
  
–  Bakersfild,	
  CA	
  -­‐	
  Winter	
  

peaked,	
  Exceedances	
  over	
  the	
  
normal	
  variaQon,	
  84	
  
percenQle	
  

–  Also	
  summer	
  peaks	
  
–  Salt	
  Lake	
  City	
  July	
  4	
  

•  Dido	
  ,	
  July	
  4th	
  
	
  

•  PM2.5	
  Smoke	
  
–  West	
  Washington	
  -­‐	
  Smoke	
  

•  Click	
  Smoke	
  Dust	
  
	
  

•  PM10	
  EE	
  Screen	
  PM10	
  
–  Click	
  Dust	
  Smoke	
  

•  Ozone	
  EE	
  Screen	
  Ozone	
  
–  Sequence	
  2012-­‐06-­‐26,	
  Click	
  

Arkansas	
  
–  2012-­‐06-­‐27,	
  28,	
  29,	
  30,	
  7-­‐01	
  

Click	
  Charlode	
  
•  2011	
  Ozone	
  Kansas	
  smoke	
  

–  Click	
  Back	
  trajectory	
  
•  Kansas	
  Smoke	
  Ozone	
  

–  Back	
  trajectory	
  
•  Kansas	
  Smoke	
  KMZ	
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