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The	
  Mo=vators	
  
(from	
  the	
  perspec=ve	
  of	
  an	
  Environmental	
  Engineer	
  interested	
  in	
  water)	
  

•  Uncertain	
  climate,	
  land	
  use	
  change,	
  popula=on	
  
growth,	
  will	
  alter	
  hydrology,	
  water	
  availability,	
  and	
  
water	
  quality	
  

•  We	
  need	
  beGer	
  informa=on	
  to	
  manage	
  water	
  
resources	
  
–  But	
  the	
  ques=ons	
  are	
  now	
  transdiciplinary	
  
–  The	
  next	
  genera=on	
  of	
  models	
  will	
  look	
  very	
  different	
  

•  Significant	
  challenges	
  in	
  integrated	
  modeling	
  
–  Coupling	
  models/model	
  components	
  from	
  different	
  
disciplines	
  

– Matching	
  data	
  to	
  required	
  model	
  inputs	
  and	
  outputs	
  at	
  
spa=al	
  and	
  temporal	
  scales	
  relevant	
  to	
  decision	
  making	
  



Research	
  Data	
  Infrastructures	
  
•  Research	
  data	
  infrastructures	
  in	
  the	
  U.S.	
  are	
  s=ll	
  
disciplinary:	
  
–  Hydrology	
  Community:	
  CUAHSI	
  Hydrologic	
  Informa=on	
  System	
  and	
  

Water	
  Data	
  Center	
  
–  Ecological	
  Community:	
  DataONE,	
  Knowledge	
  Network	
  for	
  

Biocomplexity	
  (KNB)	
  
–  Cri=cal	
  Zone	
  Community:	
  Cri=cal	
  Zone	
  Observatory	
  Integrated	
  Data	
  

System	
  (CZOData)	
  
–  Ocean	
  Community:	
  Integrated	
  Ocean	
  Observing	
  System	
  (IOOS)	
  
–  …	
  

And,	
  it’s	
  not	
  uncommon	
  to	
  find	
  hydrologic	
  data	
  in	
  all	
  of	
  
these	
  systems!	
  



Research	
  Data	
  Infrastructures	
  

•  Built	
  using	
  principles	
  of	
  service-­‐oriented	
  
architecture	
  (SOA)	
  

•  Rely	
  on	
  standard	
  data	
  encodings	
  –	
  but	
  domain	
  
specific	
  

•  In	
  some	
  cases	
  rely	
  on	
  standard	
  seman=cs	
  –	
  but	
  
not	
  across	
  systems	
  and	
  domains	
  

•  Focused	
  on	
  publishing	
  or	
  sharing	
  data	
  on	
  the	
  
Internet	
  
–  Common	
  func=ons:	
  	
  metadata	
  harvest,	
  catalog,	
  
search/discovery,	
  data	
  access	
  



Services	
  Oriented	
  Architecture	
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Reproducible	
  Science	
  Versus	
  
Integrated	
  Modeling	
  

Sweet,	
  
these	
  guys	
  
used	
  SWAT	
  	
  

Search	
  for	
  model	
  
applica=on	
  papers	
  

Paper	
  cites	
  data	
  
source	
  

Nice,	
  I	
  can	
  
get	
  the	
  data	
  
they	
  used	
   Data	
  

Repository	
  

Download	
  data	
  and	
  
run	
  the	
  model	
  

I	
  got	
  the	
  
same	
  
Result!	
  

I	
  think	
  I	
  
want	
  to	
  use	
  

SWAT.	
  



Reproducible	
  Science	
  Versus	
  
Integrated	
  Modeling	
  

Now	
  I	
  need	
  
data	
  for	
  my	
  
watershed.	
  

Data	
  
Repository	
  X	
  

Query	
  the	
  data	
  
repository	
  for	
  
“Streamflow”	
  

I	
  think	
  
repository	
  X	
  has	
  
streamflow	
  

data.	
  

Metadata	
  

Query	
  returns	
  
1000	
  metadata	
  
results	
  

What	
  is	
  all	
  
of	
  this	
  junk?	
  

CUAHSI'

HIS'
Sharing(hydrologic(data(

I’m	
  never	
  
going	
  to	
  

graduate…	
  

Hmmmm…	
  
Not	
  exactly	
  
what	
  I	
  need.	
  



Reproducible	
  Science	
  Versus	
  
Integrated	
  Modeling	
  

•  Sharing	
  and	
  publica=on	
  is	
  important	
  for	
  
reproducible	
  science	
  
–  Supported	
  well	
  by	
  exis=ng	
  research	
  data	
  
infrastructures	
  

•  But,	
  the	
  next	
  scien=st/modeler	
  looking	
  for	
  data	
  
to	
  perform	
  a	
  different	
  analysis	
  
– Has	
  trouble	
  finding	
  what	
  they	
  need	
  
– Data	
  are	
  site/study	
  specific	
  and	
  “outsiders”	
  struggle	
  
to	
  determine	
  if	
  the	
  data	
  are	
  appropriate	
  for	
  their	
  use	
  

– Many	
  models	
  require	
  data	
  at	
  spa=al	
  and	
  temporal	
  
scales	
  not	
  found	
  in	
  research	
  data	
  infrastructures	
  



Challenges	
  

•  It	
  takes	
  a	
  “data	
  savvy”	
  inves=gator	
  
considerable	
  effort	
  to	
  discover	
  and	
  access	
  
datasets	
  from	
  mul=ple	
  repositories	
  for	
  a	
  
synthe=c	
  analysis	
  

•  There	
  is	
  a	
  shortage	
  of	
  “data	
  savvy”	
  
inves=gators	
  

•  There	
  is	
  currently	
  a	
  mismatch	
  between	
  the	
  
func=onality	
  of	
  research	
  data	
  infrastructures	
  
and	
  what	
  is	
  required	
  for	
  integrated	
  modeling	
  



A	
  Hypothe=cal	
  Query	
  

I	
  am	
  interested	
  in	
  modeling	
  the	
  effects	
  of	
  aqua=c	
  
nutrient	
  concentra=ons	
  on	
  stream	
  metabolism.	
  	
  
	
  
“Show	
  me	
  loca=ons	
  where	
  high	
  frequency	
  stream	
  
discharge,	
  water	
  temperature,	
  and	
  dissolved	
  
oxygen	
  data	
  have	
  been	
  collected	
  in	
  third	
  order	
  
streams	
  for	
  which	
  samples	
  of	
  nitrogen	
  and	
  
phosphorus	
  have	
  also	
  been	
  collected	
  and	
  that	
  are	
  
within	
  one	
  mile	
  of	
  a	
  weather	
  sta=on	
  that	
  measures	
  
solar	
  radia=on	
  for	
  the	
  same	
  =me	
  period.”	
  	
  



Spa=al	
  Context	
  

“Show	
  me	
  loca;ons	
  where	
  high	
  frequency	
  
stream	
  discharge,	
  water	
  temperature,	
  and	
  
dissolved	
  oxygen	
  data	
  have	
  been	
  collected	
  in	
  
third	
  order	
  streams	
  for	
  which	
  samples	
  of	
  
nitrogen	
  and	
  phosphorus	
  have	
  been	
  collected	
  
and	
  that	
  are	
  within	
  one	
  mile	
  of	
  a	
  weather	
  
sta;on	
  that	
  measures	
  solar	
  radia=on	
  for	
  the	
  
same	
  =me	
  period.”	
  	
  



Temporal	
  Context	
  

“Show	
  me	
  loca=ons	
  where	
  high	
  frequency	
  
stream	
  discharge,	
  water	
  temperature,	
  and	
  
dissolved	
  oxygen	
  data	
  have	
  been	
  collected	
  in	
  
third	
  order	
  streams	
  for	
  which	
  samples	
  of	
  
nitrogen	
  and	
  phosphorus	
  have	
  been	
  collected	
  
and	
  that	
  are	
  within	
  one	
  mile	
  of	
  a	
  weather	
  
sta=on	
  that	
  measures	
  solar	
  radia=on	
  for	
  the	
  
same	
  ;me	
  period.”	
  	
  



Measured	
  Variables	
  

“Show	
  me	
  loca=ons	
  where	
  high	
  frequency	
  
stream	
  discharge,	
  water	
  temperature,	
  and	
  
dissolved	
  oxygen	
  data	
  have	
  been	
  collected	
  in	
  
third	
  order	
  streams	
  for	
  which	
  samples	
  of	
  
nitrogen	
  and	
  phosphorus	
  have	
  been	
  collected	
  
and	
  that	
  are	
  within	
  one	
  mile	
  of	
  a	
  weather	
  
sta=on	
  that	
  measures	
  solar	
  radia;on	
  for	
  the	
  
same	
  =me	
  period.”	
  	
  



Toward	
  Integrated	
  Environmental	
  Modeling	
  
Using	
  Research	
  Data	
  Infrastructures	
  

•  A	
  vision	
  for	
  next	
  genera=on	
  research	
  data	
  
infrastructures	
  
–  An	
  integrated	
  view	
  of	
  the	
  best	
  available	
  “data”	
  that	
  
holis=cally	
  represent	
  the	
  earth’s	
  hydrologic	
  and	
  
environmental	
  systems	
  

–  Seamless	
  presenta=on	
  of	
  and	
  access	
  to	
  data	
  across	
  
exis=ng	
  earth	
  science	
  data	
  repositories	
  

•  What	
  is	
  needed:	
  
–  Common	
  informa=on	
  modeling	
  
–  Linking	
  data	
  to	
  the	
  geo-­‐environment	
  
–  Capturing	
  the	
  knowledge	
  content	
  of	
  data	
  
–  Integra=on	
  with	
  government	
  and	
  agency	
  repositories	
  



Common	
  Informa=on	
  Modeling	
  

•  Challenges:	
  
–  Geoscience	
  
cyberinfrastructures	
  
represent	
  common	
  
informa=onal	
  
elements	
  
inconsistently	
  

–  Opportuni=es	
  for	
  
standardized	
  
representa=on	
  of	
  
spa;al,	
  temporal,	
  and	
  
measured	
  variable	
  
contexts	
  

–  Seman=c	
  and	
  syntac=c	
  
heterogeneity	
  are	
  
major	
  hurdles!	
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Observa=on	
  Informa=on	
  Models	
  
OGC’s	
  Observa=ons	
  &	
  Measurements	
  

Observa=on	
  
•  Sampling	
  Feature	
  
•  Feature	
  of	
  Interest	
  
•  Procedure	
  
•  Phenomenon/observed	
  property	
  
•  Result	
  



In	
  Prac=ce:	
  Profile!	
  
WaterML	
  2.0	
  
•  Interna=onal	
  standard	
  

for	
  =me	
  series	
  of	
  water	
  
observa=ons	
  data	
  

ODM2	
  
•  Addi=onal	
  result	
  types	
  

beyond	
  =me	
  series	
  
•  Water	
  quality	
  and	
  solid	
  

earth	
  samples,	
  sec=ons,	
  
transects,	
  profiles	
  



Linking	
  Data	
  to	
  the	
  Geo-­‐Environment	
  
(aka	
  –	
  Spa=al	
  Context)	
  

•  Feature	
  of	
  Interest	
  –	
  a	
  real	
  world	
  feature	
  
whose	
  proper=es	
  are	
  observed	
  

•  Geospa=al	
  support	
  –	
  the	
  area	
  or	
  volume	
  to	
  
which	
  an	
  observa=on	
  applies	
  

•  Geospa=al	
  context	
  –	
  the	
  rela=onships	
  
between	
  a	
  feature	
  of	
  interest	
  and	
  its	
  
surrounding	
  features	
  



Linking	
  Data	
  to	
  the	
  Geo-­‐Environment	
  
An	
  Example	
  from	
  Hydrology	
  

Currently,	
  data	
  users	
  must	
  determine	
  that	
  
the	
  gage	
  lies	
  on	
  a	
  par=cular	
  river,	
  
measures	
  the	
  oumlow	
  of	
  a	
  par=cular	
  
catchment,	
  is	
  downstream	
  of	
  another	
  
gage,	
  shares	
  its	
  loca=on	
  with	
  a	
  water	
  
quality	
  monitoring	
  site,	
  and	
  is	
  located	
  near	
  
a	
  weather	
  sta=on.	
  	
  



Linking	
  Data	
  to	
  the	
  Geo-­‐Environment	
  

Much	
  of	
  this	
  work	
  has	
  been	
  done	
  already!	
  



Capturing	
  the	
  Knowledge	
  Content	
  of	
  Data	
  

•  What	
  do	
  the	
  data	
  mean?	
  
•  How	
  have	
  they	
  been	
  used?	
  
•  What	
  conclusions	
  have	
  been	
  drawn?	
  
•  What	
  are	
  appropriate	
  uses?	
  

Linking	
  data	
  to	
  papers	
  is	
  great,	
  but	
  only	
  a	
  
small	
  frac=on	
  of	
  data	
  end	
  up	
  in	
  papers!	
  



Capturing	
  the	
  Knowledge	
  Content	
  of	
  Data	
  
Data	
  Annota=on	
  



Integra=on	
  with	
  Government	
  Agency	
  
Data	
  Repositories	
  

•  Many	
  models	
  
require	
  data	
  at	
  
spa=al	
  and	
  
temporal	
  scales	
  not	
  
found	
  in	
  research	
  
data	
  infrastructures	
  

•  For	
  some	
  science	
  
domains	
  –	
  there	
  is	
  
far	
  more	
  data	
  in	
  
agency	
  repositories	
  



Summary	
  

•  Speeding	
  innova=ons	
  in	
  synthesis	
  and	
  modeling	
  in	
  the	
  
geosciences	
  will	
  require:	
  	
  
–  New	
  CI	
  techniques	
  and	
  tools	
  
–  A	
  work	
  force	
  capable	
  of	
  developing	
  and	
  using	
  these	
  tools	
  

•  Enhancing	
  the	
  discoverability,	
  accessibility,	
  and	
  use	
  of	
  
data	
  in	
  research	
  repositories	
  for	
  modeling:	
  
–  Common	
  informa=on	
  modeling	
  –	
  standards	
  promote	
  
interoperability	
  

–  Linking	
  data	
  to	
  the	
  geo-­‐environment	
  for	
  spa=al	
  context	
  
–  Capturing	
  the	
  knowledge	
  content	
  of	
  data	
  



Ques=ons?	
  
	
  
	
  
	
  
	
  

Jeffery	
  S.	
  Horsburgh	
  
Civil	
  and	
  Environmental	
  Engineering	
  

Utah	
  State	
  University	
  
jeff.horsburgh@usu.edu	
  	
  


