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WHAT	
  IS	
  VALIDATION?	
  	
  
WHY	
  DO	
  WE	
  BOTHER	
  DOING	
  IT?	
  

Part	
  1	
  



Water	
  Framework	
  Direc&ve	
  
•  Direc+ve	
  2000/60/EC	
  of	
  the	
  European	
  Parliament	
  and	
  of	
  the	
  

Council	
  of	
  23	
  October	
  2000	
  establishing	
  a	
  framework	
  for	
  
Community	
  ac+on	
  in	
  the	
  field	
  of	
  water	
  policy	
  

•  The	
  purpose	
  of	
  the	
  Direc+ve	
  is	
  to	
  establish	
  a	
  framework	
  for	
  the	
  
protec+on	
  of	
  inland	
  surface	
  waters	
  (rivers	
  and	
  lakes),	
  transi+onal	
  
waters	
  (estuaries),	
  coastal	
  waters	
  and	
  groundwater.	
  	
  

•  It	
  will	
  ensure	
  that	
  all	
  aqua+c	
  ecosystems	
  and,	
  with	
  regard	
  to	
  their	
  
water	
  needs,	
  terrestrial	
  ecosystems	
  and	
  wetlands	
  meet	
  'good	
  
status'	
  by	
  2015.	
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Get	
  the	
  assessment	
  right!	
  
Provide	
  evidence!	
  



Regular	
  Monitoring	
  Cruises	
  

Fernerkundungsanwendungen	
  
Küste	
  *	
  BAW	
  *	
  01.12.2011	
  

Photo: BSH 

Photo: BSH 

In-­‐situ	
  Data:	
  BSH,	
  2006-­‐2010	
  



Climate	
  Change	
  
•  GCOS	
  –	
  Global	
  Climate	
  Observing	
  System	
  

–  Serving	
  the	
  IPCC	
  Reports	
  
–  Intercovernmental	
  Panel	
  on	
  Climate	
  Change	
  

•  Essen+al	
  Climate	
  Variables:	
  ECVs	
  
–  Chlorophyll-­‐a	
  concentra+on	
  

•  Accuracy	
  &	
  Precision	
  
Accuracy	
   Precision	
  

Goal	
   Breakthrough	
   Threshold	
   Goal	
   Breakthrough	
   Threshold	
  

Chl-­‐a	
   5%	
  (max)	
   8.5%	
  (max)	
   25%	
  (max)	
   -­‐	
   -­‐	
   -­‐	
  

source:	
  ESA	
  Ocean	
  Colour	
  CCI,	
  User	
  Requirements	
  document,	
  h;p://www.esa-­‐oceancolour-­‐cci.org/	
  



OC	
  CCI	
  Chl	
  

source:	
  hfp://www.oceancolour.org/portal/	
  



OC	
  CCI	
  Chl	
  Uncertainty	
  

source:	
  hfp://www.oceancolour.org/portal/	
  



Climate	
  Change	
  -­‐	
  Stability	
  

Ocean chlorophyll  Stability (over 10 years) 
Source of requirement Goal Breakthrough Threshold 

Requirement from GCOS -   -  - 

Requirement from CMUG       

Requirement from CCI - Modellers 1% 1% 10% 

Requirement from CCI – EO 

scientists 1% 1-2 % 5% 

source:	
  ESA	
  Ocean	
  Colour	
  CCI,	
  User	
  Requirements	
  document,	
  h;p://www.esa-­‐oceancolour-­‐cci.org/	
  



Long	
  Term	
  Trends	
  

source:	
  Bryan	
  Franz:	
  Methods	
  for	
  Assessing	
  the	
  Quality	
  and	
  Consistency	
  of	
  Ocean	
  Color	
  Products,	
  h;p://oceancolor.gsfc.nasa.gov/
DOCS/methods/sensor_analysis_methods.html	
  



Algorithms	
  &	
  Products	
  
•  Algorithm	
  

–  procedure	
  to	
  transform	
  variable	
  A	
  into	
  variable	
  B	
  
–  based	
  on	
  

•  physical	
  principles	
  
•  empirical	
  rela+onship	
  
•  combina+on	
  of	
  both	
  

–  subject	
  to	
  
•  assump+ons	
  
•  limita+ons	
  
•  scope	
  (e.g.	
  min	
  and	
  	
  
max	
  of	
  concentra+ons)	
  

–  algorithm	
  Valida+on:	
  
•  test	
  if	
  expected	
  behaviour	
  is	
  confirmed	
  
•  using	
  simulated	
  data	
  (radia+ve	
  transfer	
  simula+ons)	
  
•  using	
  in-­‐situ	
  measurements	
  (no	
  satellite	
  overpass	
  required)	
  

Advantages:	
  
•  full	
  control	
  on	
  input	
  data	
  (simula+ons)	
  
•  Large	
  number	
  of	
  measurements	
  available	
  

(historic	
  in-­‐situ	
  measurements)	
  
•  assump+ons	
  and	
  limita+ons	
  respected	
  
•  systema+c	
  studies	
  
•  assessing	
  the	
  error	
  behaviour	
  
Disadvantages:	
  
•  idealised	
  world,	
  lower	
  limit	
  of	
  real	
  error	
  



Algorithms	
  &	
  Products	
  
•  Product	
  Valida+on	
  

–  Genera+ng	
  output	
  variables	
  B	
  	
  
with	
  satellite	
  measurements	
  	
  
A	
  as	
  input	
  

–  Applying	
  one	
  or	
  more	
  	
  
methods	
  to	
  compare	
  B	
  	
  
with	
  

•  reference	
  data	
  (in-­‐situ,	
  	
  
other	
  remote	
  sensing	
  data)	
  

•  expecta+on	
  (plausibility	
  checks)	
  

Advantages:	
  
•  real	
  world	
  being	
  studied	
  
•  es+mate	
  of	
  overall	
  uncertainty	
  

Disadvantages:	
  
•  assump+ons	
  and	
  limita+ons	
  may	
  not	
  

be	
  completely	
  true	
  
•  unknown	
  input	
  error	
  
•  output	
  variables	
  B	
  and	
  reference	
  

measurements	
  differ	
  
•  no	
  	
  complete	
  test	
  coverage	
  
•  oken	
  not	
  enough	
  reference	
  data	
  to	
  

systema+cally	
  study	
  dependencies	
  



SWOT	
  

satellite	
  observa&on	
  vs	
  in-­‐situ	
  
observa&on	
  

saNelite	
  observa&ons	
  vs	
  
numerical	
  model	
  

Strength	
   	
  
	
  

Weakness	
   	
  
	
  

Opportunity	
   	
  
	
  

Threat	
   	
  
	
  

What	
  are	
  strengths,	
  weaknesses,	
  opportuni+es	
  and	
  threats	
  
when	
  comparining	
  …	
  



RIGHT	
  AND	
  WRONG	
  
Part	
  2	
  



Please	
  answer!	
  

How	
  would	
  you	
  characterise	
  a	
  good	
  valida+on?	
  



Defini+ons	
  
•  Accuracy	
  
•  Precision	
  
•  Stability	
  
•  Error	
  
•  Uncertainty	
  



Comparing	
  Fruits	
  
•  What	
  measures	
  the	
  satellite	
  

–  the	
  radiance	
  emifed	
  from	
  the	
  ocean	
  surface	
  of	
  a	
  certain	
  spa+al	
  extent	
  
(typically	
  1km²)	
  

–  a	
  snapshot	
  in	
  +me	
  
–  subject	
  to	
  uncertain+es	
  in	
  instrument	
  characterisa+on	
  and	
  instrument	
  

calibra+on	
  



Comparing	
  Fruits	
  
•  What	
  measures	
  the	
  satellite:	
  TOA	
  radiances	
  
•  From	
  this	
  derive	
  with	
  an	
  algorithm	
  

–  water	
  leaving	
  reflectance	
  
•  subject	
  to	
  uncertain+es	
  in	
  characterisa+on	
  of	
  the	
  atmosphere	
  (atmosphere	
  
mode)	
  

–  op+cal	
  proper+es	
  of	
  the	
  water	
  column	
  (absorp+on,	
  scafering,	
  afenua+on)	
  
•  ver+cally	
  integrated	
  over	
  the	
  depth	
  of	
  the	
  eupho+c	
  zone	
  
•  subject	
  to	
  uncertain+es	
  in	
  characterisa+on	
  of	
  the	
  water	
  coloum	
  (water	
  model)	
  

–  concentra+ons	
  of	
  water	
  cons+tuents	
  (Chl-­‐a,	
  TSM)	
  
•  ver+cally	
  averaged	
  over	
  the	
  eupho+c	
  zone	
  
•  subject	
  to	
  uncertain+es	
  in	
  the	
  conversion	
  factors	
  from	
  op+cal	
  proper+es	
  to	
  
concentra+ons	
  

–  all	
  for	
  an	
  area	
  of	
  typicall	
  1km²	
  and	
  for	
  short	
  snapshot	
  in	
  +me!	
  



Comparing	
  Fruits	
  
•  What	
  measures	
  the	
  satellite:	
  TOA	
  radiances	
  

–  ~	
  1km²,	
  short	
  snapshot	
  in	
  +me	
  

•  From	
  this	
  derive	
  with	
  an	
  algorithm:	
  Rrs,	
  IOPs,	
  concentra+ons	
  
–  1km²,	
  short	
  snapshot	
  in	
  +me,	
  ver+cally	
  integrated	
  

•  In-­‐situ	
  we	
  measure	
  
–  aerosol	
  op+cal	
  proper+es	
  à	
  verifica+on	
  of	
  characterisa+on	
  of	
  the	
  atmosphere	
  

•  The	
  aerosol	
  proper+es	
  are	
  a	
  by-­‐product	
  of	
  the	
  AC.	
  	
  
–  above	
  /	
  below	
  water	
  radiance	
  field	
  à	
  valida+on	
  of	
  Rrs	
  
–  op+cal	
  proper+es	
  of	
  the	
  water	
  à	
  valida+on	
  of	
  IOPs	
  
–  concentra+ons	
  à	
  validaton	
  of	
  concentra+ons	
  

•  different	
  techniques	
  (e.g	
  HPLC,	
  spectro-­‐radiometric,	
  fluorometric	
  for	
  Chl-­‐a)	
  
–  from	
  ships,	
  buoys,	
  towers,	
  gliders	
  

•  no	
  spa+al	
  extent	
  of	
  the	
  measurement	
  
•  sequence	
  of	
  point	
  measurements	
  in	
  +me	
  (+me	
  series,	
  transect)	
  



How	
  to	
  compare	
  apples	
  with	
  apples	
  

•  Understand	
  your	
  satellite	
  data	
  
–  the	
  ATBD	
  explains	
  the	
  methods,	
  e.g.	
  calibra+on	
  with	
  HPLC	
  in-­‐situ	
  measurements	
  
–  do	
  the	
  assump+on	
  made	
  for	
  the	
  algorithm	
  agree	
  with	
  the	
  proper+es	
  of	
  the	
  water	
  I	
  

am	
  studying	
  (concentra+on	
  ranges,	
  species	
  composi+on	
  =	
  SIOPs,	
  …)	
  

•  Understand	
  your	
  reference	
  data	
  
–  read	
  the	
  protocol.	
  If	
  no	
  protocol	
  is	
  available,	
  be	
  very	
  careful!	
  

•  Consider	
  the	
  spa+al,	
  ver+cal	
  and	
  temporal	
  representa+veness	
  
–  what	
  are	
  typical	
  current	
  vecolicites	
  à	
  which	
  +me	
  interval	
  is	
  acceptable	
  between	
  

satellite	
  and	
  reference	
  measurements	
  
–  how	
  is	
  the	
  spa+al	
  homogeneity	
  in	
  the	
  area	
  of	
  inves+ga+on	
  à	
  can	
  I	
  average	
  several	
  

pixel?	
  How	
  many	
  pixel?	
  
–  how	
  is	
  the	
  ver+cal	
  distribu+on	
  in	
  the	
  area	
  at	
  that	
  +me	
  of	
  the	
  year?	
  How	
  does	
  this	
  

compare	
  with	
  the	
  assmp+ons	
  of	
  the	
  satellite	
  algorithm?	
  



Target	
  Diagram	
  
Explain	
  accuracy	
  and	
  precision	
  with	
  the	
  target	
  circle	
  



PROTOCOLS	
  AND	
  	
  
IN-­‐SITU	
  DATA	
  SOURCES	
  

Part	
  3	
  



PROTOCOL	
   ATBD	
  

Meta	
  data	
   Meta	
  data	
  

PROTOCOL	
  

In-­‐situ	
  data	
  and	
  match-­‐ups	
  

In-­‐situ	
  
measurements	
  

Satellite	
  
overpasses	
  

match-­‐ups	
  
Loca+on:	
  tolerance	
  (±distance;	
  pixel	
  averaging)	
  
Time:	
  tolerance	
  (±+me	
  shik;	
  cycles)	
  
Parameter:	
  „fruits“	
  (Chl	
  HPLC	
  vs	
  Fluor.	
  or	
  not;	
  radiance	
  normalisa+on)	
  
Filtering:	
  quality	
  criteria	
  (cloudiness,	
  homogeneity,	
  measurement	
  error)	
  
Sta+s+cs:	
  RMS,	
  bias,	
  …	
  
…	
  

Algorithm	
  Theore+cal	
  Basis	
  Document	
  



In-­‐situ	
  data	
  sources	
  
•  Europe/ESA:	
  MERMAID	
  

–  Rrs,	
  concentra+ons	
  
–  tailored	
  to	
  valida+on	
  of	
  MERIS	
  and	
  S3-­‐OLCI	
  
–  hfp://mermaid.acri.fr/home/home.php	
  

•  US/NASA:	
  SeaBAS	
  &	
  NOMAD	
  
–  Rrs,	
  concentra+ons	
  
–  valida+on	
  of	
  ocean	
  colour	
  sensors,	
  but	
  concentra+ng	
  on	
  SeaWiFS	
  spectral	
  bands	
  
–  hfp://seabass.gsfc.nasa.gov/seabasscgi/news.cgi	
  
–  hfp://seabass.gsfc.nasa.gov/wiki/ar+cle.cgi?ar+cle=NOMAD	
  

•  Aeronet-­‐OC	
  
–  Rrs	
  &	
  aerosol	
  op+cal	
  proper+es	
  
–  hfp://aeronet.gsfc.nasa.gov/cgi-­‐bin/type_one_sta+on_seaprism_new?site=Lucinda&nachal=2&level=1&place_code=10	
  

•  Na+onal	
  programmes	
  
–  e.g.	
  UK	
  CEFAS	
  Smart	
  Buoys	
  	
  
–  hfp://cefasmapping.defra.gov.uk/Smartbuoy/Map	
  



Example:	
  MERMAID	
  
Product	
  Validaton	
  



Example:	
  MERMAID	
  
Product	
  Validaton	
  



Example:	
  MERMAID	
  
Algorithm	
  Validaton	
  

Further	
  processing	
  	
  
and	
  anylsis	
  	
  
with	
  SNAP	
  /	
  BEAM	
  



Example:	
  Cefas	
  SMART	
  Buoy	
  
Time	
  Series	
  



Example:	
  Cefas	
  SMART	
  Buoy	
  
Time	
  Series	
  

-­‐	
  Copy	
  +	
  paste	
  
-­‐	
  Further	
  processing	
  and	
  anylsis	
  with	
  SNAP	
  /	
  BEAM	
  



Example:	
  NOMAD	
  

Further	
  processing	
  and	
  anylsis	
  with	
  SNAP	
  /	
  BEAM	
  



Protocols	
  –	
  In-­‐situ	
  
•  Protocols	
  include	
  requirements	
  and	
  procedures	
  for	
  	
  

–  Radiometry:	
  instruments,	
  deployment,	
  data	
  processing	
  
–  Water	
  samples:	
  procedures,	
  chemical	
  treatment	
  …	
  
–  Processing:	
  radiance	
  normalisa+on,	
  correc+ons,	
  conversion,	
  …	
  
–  Documenta+on,	
  meta	
  data	
  

•  Radiometry	
  (Aeronet-­‐OC):	
  	
  
Zibordi	
  et	
  al	
  (2009):	
  AERONET-­‐OC:	
  A	
  Network	
  for	
  the	
  Valida+on	
  of	
  Ocean	
  Color	
  Primary	
  Products.	
  
AMS	
  Volume	
  26,	
  Issue	
  8	
  (August	
  2009).	
  	
  
hfp://journals.ametsoc.org/doi/abs/10.1175/2009JTECHO654.1	
  

•  In-­‐situ	
  measurements:	
  	
  
Tilstone	
  and	
  Mar&nez-­‐Vicente	
  (2012):	
  ISECA	
  Protocols	
  for	
  the	
  Valida+on	
  of	
  Ocean	
  Colour	
  Satellite	
  data	
  
in	
  Case	
  2	
  European	
  Waters.	
  INTERREG	
  IVA	
  2	
  Mers	
  Seas	
  Zeeen	
  Cross-­‐border	
  Coopera+on	
  Programme	
  
2007	
  –	
  2013.	
  	
  
hfps://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CDEQFjACahUKEwiArLjvxNLHAhWEltsKHQh6ACE&url=hfp%3A
%2F%2Fwww.vliz.be%2Fimisdocs%2Fpublica+ons
%2F254220.pdf&ei=St_jVYDfPISt7gaI9IGIAg&usg=AFQjCNGFUaKxNm7WfNrNdtaocmJWGSutMQ&cad=rja	
  

•  MERMAID:	
  	
  
Barker	
  et	
  al	
  (2013):	
  	
  

–  Part	
  A:	
  In-­‐situ	
  Measurement	
  Protocols.	
  Apparent	
  op+cal	
  proper+es.	
  	
  	
  
hfp://mermaid.acri.fr/dataproto/CO-­‐SCI-­‐ARG-­‐TN-­‐0008_In-­‐situ_Measurement_Protocols-­‐AOPs_Issue2_Mar2013.pdf	
  

–  Part	
  B:	
  Inherent	
  Op+cal	
  Proper+es	
  and	
  in-­‐water	
  cons+tuents.	
  	
  
hfp://mermaid.acri.fr/dataproto/CO-­‐SCI-­‐ARG-­‐TN-­‐0008_In-­‐situ_Measurement_Protocols-­‐IOPs-­‐Cons+tuents_Issue1_Mar2013.pdf	
  	
  



Example	
  



Protocols	
  -­‐	
  Processing	
  

Source:	
  Bailey	
  &	
  Werdell,	
  2006:	
  A	
  mulR-­‐sensor	
  approach	
  for	
  the	
  on-­‐orbit	
  validaRon	
  of	
  ocean	
  color	
  satellite	
  data	
  products.	
  RSE	
  102	
  (2006)	
  



Please	
  answer!	
  
•  Case	
  1	
  waters:	
  only	
  one	
  variable	
  determines	
  the	
  water	
  colour.	
  

This	
  is	
  typically	
  the	
  Chlorophyll-­‐a	
  concentra+on.	
  All	
  other	
  op+cally	
  
ac+ve	
  substances	
  covary	
  with	
  the	
  chl-­‐a	
  concentra+ons.	
  

•  Case	
  2	
  waters	
  are	
  all	
  other	
  waters.	
  There	
  the	
  colour	
  is	
  depending	
  
on	
  several	
  uncorrelated	
  substances	
  (typically	
  3-­‐5	
  different	
  
components)	
  

•  Why	
  is	
  valida+on	
  in	
  Case	
  1	
  waters	
  different	
  from	
  valida+on	
  in	
  
Case	
  2	
  waters?	
  Name	
  a	
  few	
  issues!	
  



VALIDATION	
  TECHNIQUES	
  
Part	
  4	
  



Please	
  answer!	
  

What	
  valida+on	
  methods	
  do	
  you	
  know,	
  	
  
or	
  could	
  imagine?	
  



Overview	
  
•  First	
  impression:	
  looking	
  at	
  images!	
  
•  Decorrela+on	
  analysis	
  (“invalida+on”)	
  
•  Match-­‐up	
  analysis	
  
•  Frequency	
  distribu+ons	
  
•  Time	
  series	
  
•  Transects	
  



Visual	
  Analysis	
  
•  The	
  following	
  example	
  has	
  been	
  prepared	
  by	
  Roland	
  Doerffer	
  	
  

•  It	
  shows	
  top-­‐of-­‐atmosphere	
  radiance,	
  aerosol	
  op+cal	
  thickness	
  
and	
  chlorophyll	
  concentra+on	
  
–  TOA	
  image	
  gives	
  an	
  impression	
  	
  on	
  the	
  integrated	
  signal	
  
–  Aerosol	
  op+cal	
  thickness	
  and	
  chlorophyll	
  concentra+on	
  should	
  be	
  

decorrelated	
  
–  Features	
  visible	
  in	
  aerosol	
  op+cal	
  thickness	
  should	
  look	
  like	
  atmospheric	
  

structures	
  
–  Features	
  in	
  the	
  chlorophyll	
  concetra+on	
  should	
  look	
  likes	
  water	
  
(this	
  requires	
  experience	
  from	
  working	
  onboard	
  ships	
  and	
  with	
  satellite	
  
images)	
  



Fernerkundungsanwendungen	
  Küste	
  *	
  BAW	
  *	
  
01.12.2011	
  

TOA	
  
Radiance	
  reflectance	
  
RLw	
  	
  RGB	
  

Shetland	
  



Fernerkundungsanwendungen	
  Küste	
  *	
  BAW	
  *	
  
01.12.2011	
  

Shetland	
  

Aerosol	
  op+cal	
  thickness	
  at	
  550	
  nm	
  



C2R	
  Chlorophyll	
  Conc.	
  

100	
  km	
  

Shetland	
  



Match-­‐up	
  Analysis	
  
Tools:	
  scafer	
  plots	
  &	
  sta+s+cs	
  

Example	
  1:	
  Radiometry,	
  MOBY	
  site	
   Example2	
  :	
  Secchi	
  Depth,	
  comparison	
  of	
  3	
  years	
  



Match-­‐ups	
  &	
  Distribu+on	
  
Comparison	
  of	
  different	
  algorithms	
  and	
  in-­‐situ	
  

–  (1)	
  SST,	
  North	
  Sea	
  
–  (2)	
  Transparency	
  (Algo	
  1),	
  Med.	
  Sea	
  	
  
–  (3)	
  	
  Transparency	
  (Algo	
  2),	
  Med.	
  Sea	
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Distribu+ons	
  

Example	
  of	
  a	
  regional	
  analysis	
  against	
  bulk	
  in	
  situ	
  sta+s+cs.	
  The	
  plots	
  show	
  
seasonal	
  distribu+ons	
  of	
  SeaWiFS	
  chlorophyll-­‐a	
  retrievals,	
  before	
  (blue)	
  and	
  aker	
  
(red)	
  a	
  par+cular	
  algorithm	
  change,	
  with	
  the	
  regional	
  distribu+on	
  of	
  in	
  situ	
  
measurements	
  (black).	
  

Source:	
  B.	
  Franz:	
  ethods	
  for	
  Assessing	
  the	
  Quality	
  and	
  Consistency	
  of	
  Ocean	
  Color	
  Products.	
  hfp://oceancolor.gsfc.nasa.gov/DOCS/
methods/sensor_analysis_methods.html	
  



Time	
  Series	
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In	
  situ	
  data:	
  BSH/IOW	
  2010	
  Satellite	
  data:	
  WAQSS	
  Service,	
  Brockmann	
  Consult	
  



Filtering	
  and	
  the	
  effect	
  	
  
on	
  +me	
  series	
  

Light	
  green	
  line:	
  no	
  filtering	
  on	
  the	
  satellite	
  data	
  	
  
à	
  a	
  lot	
  of	
  scafer;	
  hard	
  to	
  detect	
  anything	
  
Dark	
  blue	
  line:	
  aker	
  filtering	
  
à  reducing	
  outliers,	
  trend	
  becomes	
  clear	
  
à but:	
  reducing	
  the	
  number	
  of	
  points	
  



Time	
  Series	
  Plausibility	
  

An	
  example	
  of	
  a	
  trend	
  analysis	
  is	
  the	
  SeaWiFS	
  annual	
  cycle	
  for	
  Rrs.	
  In	
  the	
  absence	
  of	
  any	
  major	
  geophysical	
  
events,	
  we	
  expect	
  the	
  trend	
  in	
  global	
  deep-­‐water	
  or	
  global	
  oligotrophic-­‐water	
  Rrs	
  to	
  repeat	
  from	
  year	
  to	
  year.	
  
Low-­‐level	
  differences	
  may	
  be	
  due	
  to	
  geographic	
  sampling	
  biases	
  or	
  real	
  geophysical	
  changes,	
  but	
  on	
  the	
  large-­‐
scale	
  these	
  plots	
  tell	
  us	
  that	
  SeaWiFS	
  products	
  are,	
  to	
  first	
  order,	
  self-­‐consistent	
  over	
  +me	
  

Source:	
  B.	
  Franz:	
  ethods	
  for	
  Assessing	
  the	
  Quality	
  and	
  Consistency	
  of	
  Ocean	
  Color	
  Products.	
  hfp://oceancolor.gsfc.nasa.gov/DOCS/
methods/sensor_analysis_methods.html	
  



Transects	
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Summarize!	
  

Method	
   Strength	
   Weakness	
  

Visual	
  inspec+on	
   	
  
	
  

Match-­‐up	
  sat	
  vs	
  in-­‐situ	
   	
  
	
  

Match-­‐up	
  sat	
  vs	
  sat	
   	
  
	
  

Distribu+ons	
   	
  
	
  

Time	
  series	
   	
  
	
  

Transects	
   	
  
	
  



	
  Congratula+ons!	
  You	
  are	
  now	
  an	
  
	
  

OCRESE-­‐VALEX	
  
	
  

Ocean	
  Colour	
  REmote	
  SEnsing	
  VALida+on	
  EXpert	
  


