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Basic	
  Ideas	
  for	
  Ocean	
  Data	
  Quality	
  Control	
  	
  

◆ Quality	
  control	
  (QC)	
  for	
  ocean	
  data	
  from	
  data	
  assimila6on	
  perspec6ve	
  

–  Basic	
  concepts	
  are	
  similar	
  to	
  atmospheric	
  systems	
  from	
  theore6cal	
  
(Bayesian)	
  view	
  
•  If	
  observa6ons	
  are	
  abundant,	
  then	
  buddy	
  check	
  (not	
  only	
  to	
  reject	
  but	
  also	
  to	
  accept)	
  

•  If	
  observa6ons	
  are	
  sparse,	
  primary	
  corrobora6ve	
  source	
  of	
  informa6on	
  may	
  be	
  forecast	
  (in	
  
par6cular	
  in	
  the	
  form	
  of	
  ensemble)	
  

–  Details	
  may	
  require	
  unique	
  adjustment,	
  development,	
  and	
  implementa6on	
  
•  Ocean	
  data	
  (network)	
  can	
  be	
  sparse/inhomogeneous	
  and	
  sporadic	
  

»  If	
  erroneous	
  values	
  are	
  assimilated,	
  	
  then	
  they	
  can	
  cause	
  immediate	
  spurious	
  overturning	
  
and/or	
  be	
  advected	
  around	
  for	
  years	
  aSerwards	
  (nothing	
  else	
  to	
  correct)	
  

•  Ocean	
  data	
  assimila6on	
  is	
  rela6vely	
  new	
  and	
  may	
  have	
  different	
  emphases	
  from	
  
atmospheric	
  data	
  assimila6on.	
  

•  Scales	
  are	
  different	
  in	
  both:	
  

»  Dynamics	
  

»  Observa6ons	
  
	
  



Background:	
  Buddy-­‐Check.	
  Atmospheric	
  Example	
  

◆ Based	
  on	
  innova6on	
  d=yo-­‐h(xb)	
  for	
  dense	
  observing	
  network	
  

Dee	
  et	
  al	
  (2001)	
  

Non-­‐Adap6ve	
   Adap6ve	
  

Given	
  all	
  non-­‐suspects,	
  
-­‐	
  condi6onal	
  expecta6on	
  
-­‐	
  condi6onal	
  range	
  with	
  	
  	
  
	
  

! 3σ

Non-­‐suspects	
  
Suspects	
  



Background:	
  Buddy-­‐Check	
  

◆ Example:	
  Intense	
  storm	
  over	
  Europe	
  December	
  27,	
  1999	
  

Non-­‐Adap6ve	
   Adap6ve	
  

06Z	
  
	
  
	
  
	
  
	
  
	
  
12Z	
  
	
  
	
  
	
  
	
  
	
  
18z	
  

o	
  	
  Accepted	
  
o	
  	
  Once	
  suspect	
  but	
  accepted	
  
	
  	
  	
  	
  by	
  buddy	
  check	
  
o	
  Rejected	
  

Dee	
  et	
  al	
  (2001)	
  



Outline	
  

◆  Some	
  examples	
  of	
  ocean	
  data	
  assimila6on	
  systems	
  
–  Global	
  Opera6onal	
  &	
  Reanalysis	
  
•  Navy	
  Coupled	
  Ocean	
  Data	
  Assimila6on	
  (NCODA) 	
   	
   	
  [real	
  6me]	
  
•  ECMWF	
  ORA	
  &	
  ORT-­‐S4	
  	
  	
   	
   	
   	
   	
   	
   	
   	
  [re-­‐analysis	
  and	
  real-­‐6me]	
  	
  
•  NCEP	
  Global	
  Ocean	
  Data	
  Assimila6on	
  system	
  (GODAS) 	
   	
  [real	
  6me]	
  
•  Simple	
  Ocean	
  Data	
  Assimila6on	
  (SODA) 	
   	
   	
   	
  [reanalysis]	
  

–  Regional	
  Opera6onal/Real	
  6me	
  
•  NCODA	
  Relocatable	
  system	
  (RELO) 	
   	
   	
   	
   	
   	
  [real	
  6me	
  &Relocatable]	
  
•  Southern	
  California	
  Coastal	
  Ocean	
  Observing	
  System	
  (SCCOOS) 	
  [near	
  real-­‐6me]	
  

◆  Types	
  of	
  ocean	
  data	
  used	
  in	
  the	
  assimila6on	
  
–  Conven6onal	
  plajorms	
  
•  In-­‐situ	
   	
   	
   	
   	
  [mainly	
  T,	
  S]	
  
•  Remote	
  sensing,	
  satellite	
  in	
  par6cular,	
  including	
  Salinity	
  

–  New	
  types	
  of	
  plajorms	
  
•  HF	
  (high	
  frequency)	
  radar 	
  [surface	
  (u,v)]	
  
•  Lagrangian	
  data 	
   	
  [trajectories]	
  

◆ Quality	
  control	
  
–  Basic	
  concepts	
  
–  Examples	
  
–  New	
  perspec6ve	
  



Ocean	
  Observa6on:	
  Satellite	
  

◆ Sea	
  Surface	
  Temperature	
  

h-p://ourocean.jpl.nasa.gov/SST/#	
  



Ocean	
  Observa6on:	
  Satellite	
  

◆ Sea	
  Surface	
  Height	
  

h-p://sealevel.jpl.nasa.gov/Science/datasources/ssha/	
  



In-­‐Situ	
  Instrument.	
  Profiling	
  Sta6on	
  

◆ Mooring:	
  CTD,	
  Surface	
  observa6ons	
  
–  TAO	
  (Tropical	
  Atmosphere	
  Ocean):	
  
	
  For	
  improved	
  detec6on,	
  understanding	
  and	
  
predic6on	
  of	
  El	
  Niño	
  and	
  La	
  Niña.	
  

–  TRITON	
  
–  PRITA	
  (small	
  no	
  of	
  deep	
  water	
  buoys)	
  
	
  

h-p://www.pmel.noaa.gov/tao/index.shtml	
  



In-­‐Situ	
  Data	
  

◆ Mooring	
  Data	
  

- Mooring	
  data	
  are	
  temporally	
  &	
  
ver6cally	
  ‘con6nuous’.	
  

h-p://www.pmel.noaa.gov/tao/jsdisplay/	
  



In-­‐Situ	
  Instruments(Movable	
  Lagrangian)	
  Plajorm.	
  Floats	
  

◆  Argo	
  Floats.	
  Observa6on	
  on	
  the	
  isopyncnal	
  surface	
  	
  
–  (T,S	
  )	
  by	
  CTD	
  
–  (u,v)	
  derived	
  from	
  posi6on	
  
	
  along	
  (x(2D)	
  )(tk),	
  p(x(2D)	
  )(tk))	
  in	
  upper	
  2000m	
  

h-p://www.dosits.org/gallery/tech/ooct/rafos1.htm	
   h-p://www.whoi.edu/instruments/	
  



Global	
  Ocean	
  Observing	
  System	
  by	
  ARGO	
  Floats	
  

h-p://www-­‐argo.ucsd.edu	
  

"   Argo	
  are	
  used	
  as	
  the	
  plajorm	
  for	
  con6nuous	
  observa6on	
  
"   Eulerian	
  observa6ons	
  	
  of	
  T,	
  S,	
  and	
  velocity	
  

"   By	
  November	
  2007,	
  Global	
  observa6on	
  network	
  by	
  driSers	
  is	
  100%	
  complete	
  
"   ~3000	
  profiling	
  at	
  the	
  	
  5ox5o	
  resolu6on	
  
"   800	
  floats	
  per	
  year	
  to	
  maintain	
  the	
  level	
  



In-­‐Situ	
  Instruments(Movable	
  Lagrangian)	
  Plajorm.	
  DriSers	
  

◆  Observa6ons	
  at	
  sea	
  surface	
  	
  	
  
–  T	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  Temperature	
  
	
  along	
  (x(2D)	
  )(tk))	
  at	
  sea	
  surface	
  	
  

h-p://www.driHers.doe.gov/design.html	
  
Data	
  available	
  from	
  	
  
h-p://www.aoml.noaa.gov/phod/dac/dacdata.html	
  

Float	
  Package	
  

Temperature	
  Sensor	
  



Global	
  Ocean	
  Observing	
  System	
  by	
  DriSers	
  

h-p://www.aoml.noaa.gov/phod/dac/gdp.html	
  

"   Global	
  observa6on	
  network	
  by	
  driSers	
  
"   ~1200	
  driSers	
  to	
  cover	
  at	
  the	
  	
  5ox5o	
  resolu6on	
  

"   DriSers	
  are	
  used	
  as	
  the	
  plajorm	
  
"   Eulerian	
  observa6ons	
  	
  of	
  T	
  (SLP,	
  Wind)	
  



Remote-­‐Sensing	
  by	
  HF	
  Radar	
  Surface	
  Current	
  

◆ Actual	
  measurement:	
  Radial	
  velocity	
  
–  2	
  observa6ons	
  makes	
  2D	
  velocity	
  

h-p://www.sccoos.org/data/hfrnet/	
  

h-p://www.cocmp.org/	
  



In-­‐Situ	
  Instruments.	
  Ver6cal	
  Profile	
  

◆ BathyThermographs:	
  Temperature	
  recorders.	
  σoT~0.1-­‐0.2°C	
  
–  Mechanical	
  (MBTs):	
  
•  Lowered	
  and	
  then	
  winched	
  from	
  the	
  ship	
  down	
  to	
  ~300m.	
  

–  Expendable	
  (XBTs):	
  	
  
•  Dropped	
  from	
  a	
  ship;	
  	
  
•  Designed	
  to	
  fall	
  at	
  a	
  constant	
  rate..	
  
•  Many	
  goes	
  to	
  460/760m,	
  some	
  goes	
  to	
  1800m	
  	
  



In-­‐Situ	
  Instruments.	
  Ver6cal	
  Profile	
  
◆ Conduc6vity,Temperature,	
  &	
  Depth	
  (CTD):	
  High-­‐quality	
  T/S	
  profile	
  of	
  150	
  levels	
  
	
  (σoT,	
  σoS)~(0.002°C,	
  0.005psu)	
  

Ship	
  deployed	
  CTD	
  
Woods	
  Hole	
  Oceanographic	
  Ins6tute	
  



In	
  Situ	
  Instruments	
  (Movable	
  Plajorm):	
  Glider	
  

◆ Glider	
  
–  2D	
  posi6on,	
  p	
  (depth)	
  
–  T,	
  S	
  

h-p://www.mbari.org	
  

h-p://ourocean.jpl.nasa.gov/SCB	
  



Basic	
  Ideas	
  for	
  Ocean	
  Data	
  Quality	
  Control	
  	
  

◆ Quality	
  control	
  (QC)	
  for	
  ocean	
  data	
  from	
  data	
  assimila6on	
  perspec6ve	
  

–  Basic	
  concepts	
  are	
  similar	
  to	
  atmospheric	
  systems	
  from	
  theore6cal	
  
(Bayesian)	
  view	
  
•  If	
  observa6ons	
  are	
  abundant,	
  then	
  buddy	
  check	
  (not	
  only	
  to	
  reject	
  but	
  also	
  to	
  accept)	
  

•  If	
  observa6ons	
  are	
  sparse,	
  primary	
  corrobora6ve	
  source	
  of	
  informa6on	
  may	
  be	
  forecast	
  (in	
  
par6cular	
  in	
  the	
  form	
  of	
  ensemble)	
  

–  Details	
  may	
  require	
  unique	
  adjustment,	
  development,	
  and	
  implementa6on	
  
•  Ocean	
  data	
  (network)	
  can	
  be	
  sparse/inhomogeneous	
  and	
  sporadic	
  

»  If	
  erroneous	
  values	
  are	
  assimilated,	
  	
  then	
  they	
  can	
  cause	
  immediate	
  spurious	
  overturning	
  
and/or	
  be	
  advected	
  around	
  for	
  years	
  aSerwards	
  (nothing	
  else	
  to	
  correct)	
  

•  Ocean	
  data	
  assimila6on	
  is	
  rela6vely	
  new	
  and	
  may	
  have	
  different	
  emphases	
  from	
  
atmospheric	
  data	
  assimila6on.	
  

•  Scales	
  are	
  different	
  in	
  both:	
  

»  Dynamics	
  

»  Observa6ons	
  
	
  



Navy	
  Coupled	
  Ocean	
  Data	
  Assimila6on	
  
◆ Philosophy:	
  	
  
–  Approaches	
  to	
  ocean	
  data	
  assimila6on	
  vary	
  widely	
  both	
  in	
  terms	
  of	
  the	
  
sophis6ca6on	
  of	
  the	
  method	
  and	
  the	
  observa6ons	
  assimilated,	
  and	
  also	
  in	
  terms	
  
of	
  specifica6on	
  of	
  the	
  forecast	
  error	
  covariances,	
  model	
  biases,	
  observa6on	
  
errors,	
  and	
  quality-­‐control	
  procedures	
  

–  Quality	
  Control	
  should	
  be	
  fully	
  automated	
  and	
  performed	
  in	
  stages	
  

Courtesy	
  of	
  H.	
  Ngodock	
  

Nested	
  &	
  Relocatable	
  



Navy	
  Coupled	
  Ocean	
  Data	
  Assimila6on	
  

◆ Real-­‐Time	
  1/12o	
  Nowcast/forecast	
  system:	
  Global	
  



Navy	
  Coupled	
  Ocean	
  Data	
  Assimila6on	
  

◆ Real-­‐Time	
  1/12o	
  Nowcast/forecast	
  system	
  



Navy	
  Coupled	
  Ocean	
  Data	
  Assimila6on	
  

◆ Quality	
  Control	
  in	
  3	
  Stages	
  according	
  to	
  Ingleby	
  and	
  Huddleston	
  (2007)	
  
–  Stage	
  I.	
  Sensibility	
  Check	
  
•  Land/sea	
  boundary	
  checks	
  
•  Loca6on	
  (speed)	
  test	
  for	
  driSers	
  and	
  ship	
  (aircraS)	
  observa6ons	
  
•  Exact	
  and	
  near-­‐dup	
  duplica6ons	
  
àObservaOons	
  failing	
  sensibility	
  checks	
  are	
  removed	
  

–  Stage	
  II.	
  Gross	
  error	
  checks	
  
•  Instrumenta6on	
  error,	
  ver6cal	
  gradient,	
  sta6c	
  stability	
  checks	
  
•  Cross	
  valida6on	
  checks	
  (e.g.,	
  SST	
  vs	
  sea	
  ice)	
  
•  Background	
  field	
  checks	
  against	
  climate,	
  previous	
  analysis/forecast	
  
•  Bouy	
  (float)	
  sensor	
  driS	
  
•  Satellite	
  SST	
  large	
  scale	
  aersol/dust	
  bias	
  detec6on	
  
àObservaOons	
  failing	
  sensibiliyt	
  checks	
  are	
  flagged	
  
àAll	
  gross	
  error	
  checks	
  performed	
  before	
  decision	
  to	
  accept/reject	
  

–  Stage	
  III.	
  Consistency	
  checks	
  
•  Innova6on	
  error	
  checks	
  performed	
  within	
  analysis	
  



Navy	
  Coupled	
  Ocean	
  Data	
  Assimila6on	
  

◆ NCODA	
  data	
  flow	
  chart	
  

Lunde	
  et	
  al	
  (2009)	
  



ECMWF	
  ORA-­‐S4	
  (Ocean	
  Re-­‐Analysis	
  System	
  4)	
  

◆ Global	
  ocean	
  near	
  real-­‐6me	
  analysis	
  &	
  reanalysis	
  since	
  2012	
  
–  Daily	
  star6ng	
  from	
  September	
  1957	
  &	
  con6nuously	
  maintained	
  up	
  to	
  10	
  days	
  
behind	
  real	
  6me	
  at	
  1ox1ox42	
  level	
  resolu6on	
  	
  

–  Main	
  purposes:	
  to	
  provide	
  
•  Ini6al	
  condi6ons	
  for	
  seasonal/monthly	
  forecasts	
  
•  Historical	
  representa6on	
  of	
  ocean	
  for	
  climate	
  studies	
  
•  Uncertainty	
  es6mates	
  by	
  ensemble	
  (5	
  total)	
  	
  

–  Featuring	
  
•  Online	
  bias-­‐correc6on	
  algorithm	
  
•  Assimila6on	
  of	
  salinity	
  data	
  
•  Assimila6on	
  of	
  al6meter-­‐derived	
  sea	
  level	
  anomalies	
  

–  Designed	
  to	
  reduce	
  spurious	
  climate	
  variability	
  due	
  to	
  observing	
  system	
  change	
  
while	
  taking	
  advantages	
  of	
  the	
  new	
  observa6ons	
  	
  

◆ Previous	
  systems	
  
–  System	
  1	
  (ORA-­‐S1)	
  star6ng	
  1997	
  
–  System	
  2	
  (ORA-­‐S2)	
  introduced	
  in	
  2000	
  
–  Syetsm	
  3	
  (ORA-­‐S3)	
  introduced	
  in	
  2006	
  

Balmaeseda,	
  Vidard,	
  Anderson	
  (2008)	
  h-p://www.ecmwf.int/products/forecasts/d/charts/ocean/	
  



ORA-­‐S4	
  :	
  3D	
  evolu6on	
  of	
  ocean	
  state	
  

◆ Sea	
  Surface	
  Temperature	
  

	
  

	
  
◆ Cross-­‐Sec6on	
  at	
  the	
  Equator	
  

h-p://www.ecmwf.int/products/forecasts/d/charts/oras4/reanalysis	
  



ECMWF	
  ORAS4	
  &	
  ORTS4	
  (Ocean	
  Re-­‐Analysis	
  &	
  Real	
  Time	
  )	
  

◆ Opera6onal	
  schedule	
  for	
  the	
  produc6on	
  of	
  ORAS4	
  &	
  ORTS4	
  
–  Reanalsysis:	
  every	
  10	
  days,	
  with	
  a	
  delay	
  of	
  6	
  days	
  to	
  wait	
  for	
  the	
  arrival	
  of	
  ocean	
  
observa6ons	
  (in	
  par6cular,	
  retrieval	
  of	
  the	
  sea-­‐level	
  products)	
  	
  

–  Real-­‐6me:	
  to	
  create	
  real-­‐6me	
  ini6al	
  condi6on	
  on	
  a	
  daily	
  basis,	
  ORTS4	
  brings	
  the	
  
latest	
  ORAS4	
  state	
  up	
  to	
  real	
  6me	
  every	
  day,	
  using	
  available	
  observa6ons	
  in	
  a	
  
variable	
  assimila6on	
  windows	
  	
  

h-p://www.ecmwf.int/products/forecasts/ocean/oras4_documentaOon/Streams.html	
  

◆ Observa6ons	
  
–  Subsurface	
  data	
  (T	
  &	
  S)	
  
–  Sea	
  level	
  data	
  (SSH)	
  
–  Sea	
  surface	
  temperature	
  (SST)	
  



ECMWF	
  ORAS4	
  &	
  ORTS4:	
  Data	
  Coverage	
  (Subsurface	
  T)	
  

h-p://www.ecmwf.int/products/forecasts/d/charts/ocean/real_Ome/obsmap!20120225!Temperature!/	
  



ECMWF	
  ORAS4	
  &	
  ORTS4:	
  Data	
  Coverage	
  (Subsurface	
  T)	
  

h-p://www.ecmwf.int/products/forecasts/d/charts/ocean/real_Ome/obsmap!20120225!Salinity/	
  



Ocean	
  Observa6on	
  and	
  Quality	
  Control	
  for	
  ORA	
  &	
  ORT-­‐S4	
  

◆ Automa6c	
  Quality	
  Control	
  for	
  subsurface	
  data	
  
1.  Daily	
  averaging.	
  	
  If	
  some	
  site	
  reports	
  more	
  frequently	
  than	
  once	
  per	
  day,	
  daily	
  

averages	
  are	
  are	
  created.	
  
2.  Blacklist	
  of	
  coastal	
  observaOons.	
  Data	
  in	
  the	
  vicinity	
  of	
  the	
  coast	
  are	
  rejected,	
  as	
  

a	
  way	
  of	
  accoun6ng	
  for	
  representa6veness	
  error.	
  
3.  Background	
  check.	
  A	
  level-­‐by-­‐level	
  check	
  between	
  the	
  distance	
  between	
  model	
  

values	
  and	
  observa6ons	
  in	
  rela6on	
  to	
  the	
  error	
  sta6s6cs.	
  
4.  Buddy	
  check.	
  A	
  consistency	
  test	
  between	
  observa6ons	
  is	
  performed.	
  
5.  Super-­‐obbing.	
  Profiles	
  which	
  are	
  close	
  in	
  space	
  and	
  6me	
  are	
  superobbed	
  
6.  Completness	
  of	
  profiles.	
  A	
  profile	
  is	
  considered	
  incomplete,	
  and	
  therefore	
  

rejected,	
  if	
  the	
  sparsity	
  of	
  the	
  remaining	
  observa6ons	
  in	
  the	
  ver6cal	
  is	
  judged	
  
insufficient	
  to	
  resolve	
  the	
  ver6cal	
  temperature	
  gradients.	
  (Ex:	
  An	
  observa6on	
  
profile	
  will	
  be	
  rejected	
  if	
  the	
  temperature	
  difference	
  between	
  consecu6ve	
  levels	
  
is	
  larger	
  than	
  5	
  deg	
  C	
  or	
  if	
  it	
  contains	
  a	
  ver6cal	
  temperature	
  gradient	
  larger	
  than	
  
0.1	
  deg	
  C/m).	
  

Extension	
  of	
  Smith	
  N.,	
  J	
  Blomley,	
  and	
  G	
  Meyers,	
  Prog	
  in	
  Oceanography,1990.	
  



Satellite	
  Data	
  Quality	
  Control	
  at	
  ECMWF	
  

◆ Automa6c	
  checking	
  –	
  Experimental	
  
–  Recently	
  implemented	
  at	
  ECMWF	
  
–  It	
  triggers	
  alarm	
  messages	
  if	
  an	
  anomaly	
  is	
  detected	
  in	
  the	
  quality	
  or	
  the	
  
availability	
  of	
  the	
  satellite	
  data	
  assimilated	
  by	
  the	
  model.	
  	
  

–  Selected	
  sta6s6cal	
  parameters	
  
•  number	
  of	
  observa6ons	
  
•  bias	
  correc6on	
  
•  mean	
  bias-­‐corrected	
  background	
  and	
  analysis	
  departures	
  
are	
  checked	
  against	
  an	
  expected	
  range.	
  

–  Currently,	
  the	
  automa6c	
  checking	
  is	
  limited	
  to	
  data	
  
	
  passing	
  through	
  the	
  minimiza6on	
  process.	
  	
  



Satellite	
  Data	
  Quality	
  Control	
  at	
  ECMWF	
  

◆ Procedure	
  
–  An	
  appropriate	
  alert	
  message	
  (including	
  a	
  6me	
  series	
  plot)	
  is	
  generated	
  if	
  
sta6s6cs	
  are	
  outside	
  the	
  specified	
  ranges.	
  	
  

–  A	
  severity	
  level	
  (slight,	
  considerable,	
  severe)	
  is	
  assigned	
  to	
  each	
  message	
  
depending	
  on	
  how	
  far	
  sta6s6cs	
  are	
  from	
  the	
  expected	
  values.	
  

–  	
  Two	
  kinds	
  of	
  ranges	
  are	
  used	
  by	
  the	
  automa6c	
  checking:	
  	
  
•  SoS	
  limits	
  are	
  updated	
  automa6cally	
  using	
  sta6s6cs	
  from	
  the	
  last	
  twenty	
  days	
  
•  Hard	
  limits	
  are	
  adjusted	
  manually	
  when	
  required.	
  	
  

h-p://www.ecmwf.int/products/forecasts/satellite_check//do/get/satcheck/2908	
  



Satellite	
  Data	
  Quality	
  Control	
  at	
  ECMWF	
  

◆ Opera6onal	
  Checking	
  



ROMS	
  (Regional	
  Ocean	
  Modeling	
  System)	
  3D-­‐Var	
  

 

◆ Regional	
  Ocean	
  Modeling	
  System	
  (ROMS)	
  
–  One-­‐way	
  nested	
  configura6on	
  
•  Pacific	
  basin	
  for	
  largest	
  domain	
  	
  
•  Nested	
  coastal	
  configura6on	
  
»  15km-­‐5km-­‐1.5km-­‐0.5km	
  
»  Ver6cal	
  levels	
  >24	
  

–  Relocatable,	
  in	
  the	
  future	
  
–  Forcing	
  by	
  COAMPS	
  
	
  (Coupled	
  Ocean/Atmosphere	
  
	
  Mesoscale	
  Predic6on	
  System	
  by	
  Naval	
  Research	
  Laboratory)	
  

h-p://ourocean.jpl.nasa.gov/	
  



Costal	
  Ocean	
  Observa6on	
  Network	
  

Glider	
  network	
  

h-p://www.sccoos.org/	
  

Mooring	
  network	
  

u Spa6al	
  distribu6on	
  of	
  observing	
  network	
  is	
  
highly	
  inhomogeneous	
  	
  
−  Satellite	
  images	
  (SST)	
  can	
  be	
  as	
  high-­‐resolu6on	
  
as	
  the	
  model	
  state	
  in	
  horizontal	
  

− HR	
  radar	
  (surface	
  velocity)	
  can	
  be	
  highly	
  
concentrated	
  and	
  high-­‐resolu6on	
  

− Others	
  can	
  be	
  extremely	
  sparse	
  

h-p://ouroceans.jpl.nasa.gov	
  

SST	
  on	
  a	
  lucky	
  day	
   HR	
  radar	
  network	
  



In	
  Situ	
  Instruments	
  (Movable	
  Plajorm):	
  Glider	
  

◆ Glider	
  
–  2D	
  posi6on,	
  p	
  (depth)	
  
–  T,	
  S	
  

h-p://www.mbari.org	
  

h-p://ourocean.jpl.nasa.gov/SCB	
  



Quality	
  Control	
  of	
  In-­‐Situ	
  T/S	
  

◆ Developed	
  by	
  Ingleby	
  &	
  Huddleston	
  (2007)	
  at	
  UKMO	
  

◆ Principles	
  for	
  building	
  the	
  QC	
  system	
  

–  The	
  system	
  has	
  to	
  be	
  automated	
  to	
  cope	
  with	
  the	
  data	
  volume	
  involved	
  

–  Original,	
  reported	
  values	
  should	
  be	
  used	
  as	
  long	
  as	
  possible	
  (flagged,	
  rather	
  than	
  
rejected)	
  

–  Any	
  decisions	
  taken	
  by	
  the	
  system	
  should	
  be	
  traceable	
  

–  The	
  system	
  is	
  designed	
  to	
  support	
  data	
  assimila6on	
  

–  Tools	
  to	
  monitor	
  system	
  performance	
  and	
  individual	
  cases	
  are	
  available	
  

–  The	
  generic	
  checks	
  and	
  processing	
  use	
  code	
  shared	
  the	
  UKMO	
  atmospheric	
  QC	
  

–  The	
  generic	
  checks	
  have	
  a	
  clear	
  theore6cal	
  basis	
  in	
  probability	
  theory	
  

◆ QC	
  Main	
  Steps	
  

–  Data	
  specific	
  check	
  

–  Background	
  and	
  buddy	
  check	
  



Pre-­‐QC	
  for	
  XBT	
  

◆ Prior	
  rejects	
  for	
  XBT	
  below	
  1000m	
  due	
  to	
  inaccuracy	
  of	
  the	
  instruments.	
  
◆ XBT	
  depth	
  correc6on:	
  XBT	
  depth	
  is	
  computed	
  	
  based	
  on	
  the	
  6me	
  of	
  the	
  
release.	
  
–  All	
  XBTs	
  are	
  designed	
  to	
  fall	
  at	
  the	
  known	
  rate,	
  according	
  to	
  the	
  manufacturer's	
  
design	
  (formula,	
  or	
  equa6on	
  for	
  depth	
  vs	
  6me	
  from	
  the	
  release).	
  

–  Many	
  won’t;	
  revised	
  equa6on	
  (linear	
  correc6on)	
  is	
  suggested	
  by	
  Hanawa	
  et	
  al	
  
(1995).	
  

–  Depth	
  for	
  the	
  profiles	
  taken	
  before	
  Hanawa	
  et	
  al	
  (1995)	
  were	
  corrected.	
  
–  Addi6onal	
  difficul6es:	
  
•  Older	
  data	
  may	
  not	
  have	
  record	
  for	
  type	
  of	
  XBT	
  used	
  
•  In	
  the	
  cold	
  sea,	
  viscosity	
  is	
  higher	
  &	
  drop	
  rate	
  changes.	
  

XBT	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  validated	
  against	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  CTD	
  



In	
  Situ	
  Data:	
  XBT	
  vs	
  CTD	
  

Composite	
  profiles	
  of	
  	
  
•  XBT	
  (red	
  line)	
  and	
  	
  
•  CTD	
  (black	
  line)	
  

Thadathil	
  et	
  al	
  (2002)	
  



Importance	
  of	
  QC	
  /	
  Bias	
  Correc6on	
  

◆ Ocean	
  temperature	
  change	
  from	
  2004	
  to	
  2006	
  

Correc6on	
  in	
  temperature	
  	
  
due	
  to	
  bad	
  data	
  from	
  the	
  
Argo	
  floats	
  and	
  XBTs	
  

h-p://earthobservatory.nasa.gov/Features/OceanCooling/page3.php	
  



QC	
  for	
  Data	
  Specific	
  Check	
  

◆ Movable	
  instruments	
  
–  Ver6cal	
  check	
  for	
  the	
  value	
  of	
  data:	
  against	
  constant,	
  spike	
  or	
  step.	
  
–  Horizontal	
  posi6on	
  of	
  the	
  data	
  along	
  the	
  track	
  for	
  each	
  iden6fier:	
  kinks	
  or	
  	
  jumps.	
  

◆ Superobs	
  for	
  mooring	
  in	
  6me:	
  TRITON	
  are	
  quasi-­‐hourly	
  but	
  formed	
  into	
  
daily	
  averages.	
  

◆ Stability	
  check	
  for	
  T/S	
  based	
  on	
  the	
  density	
  for	
  ver6cal	
  profiles.	
  

◆ Duplicate	
  check	
  and	
  thinning	
  in	
  space.	
  

Background	
  and	
  ObservaOon	
  Buddy	
  Checks	
  are	
  Similar	
  to	
  Atmos	
  QC	
  



New	
  Types	
  of	
  Observa6ons	
  

◆ Ocean	
  observa6ons	
  are	
  (with	
  respected	
  to	
  atmospheric	
  observa6ons)	
  
–  Sporadic	
  
–  Inhomogeneous	
  
–  Limited	
  to	
  upper	
  ocean	
  

◆ New	
  types	
  of	
  observa6ons	
  that	
  are	
  promising	
  &	
  challenging	
  
–  HF	
  radar	
  observa6ons	
  
–  Lagrangian	
  observa6ons	
  (Posi6on	
  observa6ons	
  along	
  the	
  trajectory)	
  
•  DriSers	
  
•  Floats	
  
•  Gliders	
  (Lagrangian-­‐like)	
  
with	
  Targe6ng	
  in	
  mind	
  

Data	
  available	
  from	
  h-p://www.aoml.noaa.gov/phod/dac/dacdata.html	
  



Lagrangian	
  Data	
  

Data	
  available	
  from	
  h-p://www.aoml.noaa.gov/phod/dac/dacdata.html	
  



Addi6onal	
  Mo6va6on:	
  Hurricane	
  Predic6on	
  

Aug	
  28	
   Aug	
  28	
  

NOAA	
  GOM	
  surface	
  dynamics	
  report	
  for	
  Katrina	
  

Aug	
  31	
  

h-p://www.aoml.noaa.gov/phod/alOmetry/katrina1.pdf	
  



Adap6ve	
  Sampling	
  by	
  DriSers	
  for	
  Be~er	
  Hurricane	
  Predic6on.	
  1	
  

◆ Hurricane	
  Gustav	
  
–  12	
  driSers	
  deployed	
  in	
  the	
  forecast	
  path	
  of	
  Gustav	
  	
  on	
  August	
  31,	
  2008	
  
–  All	
  survived	
  and	
  transmi~ed	
  data	
  

h-p://www.aoml.noaa.gov/phod/dac/gdp_informaOon.html	
  



Ocean	
  Flow	
  and	
  Lagrangian	
  Dynamics	
  

◆ Data	
  assimila6on	
  a~empts	
  to	
  es6mate	
  and	
  forecast	
  the	
  evolu6on	
  of	
  the	
  
system	
  (ocean)	
  

◆ Ocean	
  flow	
  drives	
  Lagrangian	
  dynamics	
  (driSer	
  mo6on)	
  	
  
◆ How	
  do	
  we	
  do	
  LaDA?	
  	
  Is	
  it	
  effec6ve	
  for	
  es6ma6on	
  and	
  predic6on	
  of	
  the	
  
flow	
  evolu6on?	
  

Data:	
  h-p://www.aoml.noaa.gov/phod/dac/dacdata.html	
  
Special	
  Thanks	
  to	
  Ed	
  Ryan	
  

h~p://www7320.nrlssc.navy.mil/global_nlom32/	
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u(rD, j ,t) =

d
dt

rD, j

   
u(rD, j ,τ )dτ

tk −1

tk

∫ = rD, j (tk ) − rD, j (tk−1)



Proof	
  of	
  Concept	
  



Unobserved	
  vor6ces	
  

Observed	
  tracer	
  

Challenge:	
  Handling	
  of	
  Nonlinearity	
  in	
  Observa6on	
  Operator	
  

◆ Data	
  assimila6on	
  grew	
  up	
  with	
  quasi-­‐linearity	
  in	
  mind	
  
–  Nonlinearity	
  in	
  dynamics:	
  Ensemble	
  Kalman	
  filter,	
  Par6cle	
  filter	
  
–  Nonlinearity	
  in	
  observa6on	
  operator:	
  Handling	
  of	
  Chaos	
  
•  Quality	
  control	
  requires	
  extra	
  steps	
  

◆ Simple	
  demonstra6on	
  



Quality	
  Control	
  of	
  Data	
  Assimila6on	
  Products	
  

◆ Background:	
  Global	
  Ocean	
  Data	
  Assimila6on	
  Experiments	
  (GODAE)	
  

–  Ini6ated	
  to	
  lead	
  the	
  way	
  in	
  establishing	
  global	
  opera6onal	
  oceanography	
  in	
  1997	
  as	
  
the	
  acknowledgment	
  of	
  the	
  need	
  for	
  be~er	
  ocean	
  observa6ons	
  and	
  ocean	
  forecasts	
  
and	
  with	
  the	
  scien6fic	
  and	
  technical	
  opportunity	
  that	
  readily	
  available	
  satellite	
  data	
  
had	
  delivered.	
  

◆ Main	
  Objec6ves	
  

1.  To	
  demonstrate	
  opera6on	
  ocean	
  system	
  in	
  ac6on	
  

2.  To	
  access	
  the	
  quality	
  of	
  hindcast	
  ocean	
  products	
  

3.  To	
  perform	
  the	
  intercomparison	
  among	
  the	
  different	
  opera6onal	
  centers	
  

4.  To	
  promote	
  valida6on	
  and	
  intercomparison	
  as	
  part	
  of	
  future	
  ensemble	
  mul6	
  
model	
  forecast	
  applica6ons.	
  



Quality	
  Control	
  of	
  Data	
  Assimila6on	
  Products	
  

◆ Quality	
  control	
  in	
  GODAE	
  framework	
  

–  Various	
  ocean	
  data	
  quality-­‐control	
  procedures	
  are	
  used	
  by	
  GODAE	
  systems	
  to	
  
ensure	
  that	
  erroneous	
  data	
  are	
  not	
  assimilated.	
  Some	
  systems	
  use	
  externally	
  
processed	
  observa6ons,	
  while	
  other	
  systems	
  have	
  developed	
  their	
  own	
  
automa6c	
  quality-­‐control	
  procedures.	
  

–  For	
  systems	
  executed	
  in	
  reanalysis	
  mode,	
  the	
  observa6onal	
  data	
  have	
  oSen	
  
undergone	
  more	
  extensive	
  delayed-­‐mode,	
  scien6fic	
  quality-­‐control	
  procedures	
  
that	
  are	
  not	
  available	
  in	
  near-­‐real	
  6me.	
  

◆ New	
  perspec6ve:	
  quality	
  control	
  of	
  data	
  assimila6on	
  product	
  

–  	
  Intercomparison-­‐metric	
  

	
  



Summary	
  

◆ Ocean	
  data	
  assimila6on	
  is	
  rela6vely	
  new,	
  and	
  may	
  have	
  different	
  
–  Principal	
  goals	
  
–  Scales	
  
–  Observa6ons	
  

◆ Conceptually,	
  ocean	
  data	
  QC	
  and	
  atmospheric	
  data	
  QC	
  are	
  similar,	
  we	
  have	
  
to	
  handle	
  fpr	
  
–  Individual	
  	
  
–  Data	
  sets	
  
–  Data	
  types	
  	
  

◆ Observa6ons	
  are	
  extremely	
  important	
  in	
  ocean	
  data	
  assimila6on	
  
–  Number	
  is	
  limited	
  
–  Inhomogeneous	
  in	
  6me	
  and	
  space	
  

◆ New	
  types	
  of	
  observa6ons	
  are	
  available	
  
–  New	
  types	
  of	
  QC:	
  for	
  example,	
  QC	
  for	
  chao6c	
  data	
  (e.g.,	
  Lagrangian	
  data)	
  
–  Observing	
  system	
  design	
  can	
  be	
  as	
  important	
  as	
  the	
  observed	
  data	
  themselves	
  

◆ New	
  prospect:	
  Quality	
  control	
  of	
  data	
  assimila6on	
  products	
  (overall)	
  


