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One  of  the  PACE  objec%ves  is  to  support  the  
es%ma%on  of  IOPs  in  general  and  specifically  

op%cally-­‐based  Phytoplankton  Func%onal  Types


•  Invert	
  ocean	
  color	
  signal	
  to	
  retrieve	
  
hyperspectral	
  phytoplankton	
  
absorpGon	
  coefficients	
  

•  Requires	
  capability	
  to	
  validate	
  
satellite-­‐derived	
  phytoplankton	
  
absorp3on	
  with	
  in	
  situ	
  observa3ons	
  
including	
  uncertain3es	
  

hKp://wamis.meraka.org.za/modis-­‐basics	
  



Steps  to  construct  a  valida%on  data  set  for  asat(λ)  
1a.  Exponen%ally  weighted  ainsitu(λ)

•  Satellite	
  sees	
  (spectrally)	
  exponenGally-­‐weighted	
  absorpGon	
  

Depth	
  Profile	
  
Measured	
  absorpGon	
  

Depth	
  Profile	
  
Weighted	
  absorpGon	
  

asat	
  requires	
  depth	
  weighted	
  	
  
absorpGon	
  spectra	
  not	
  discrete	
  

ObjecGve:	
  	
  QuanGfy	
  uncertainGes	
  in	
  
deriving	
  hyperspectral	
  satellite-­‐

detected	
  absorpGon	
  



Stepwise  approach  
Step  1b.  In  situ  hyperspectral  absorp%on


•  In	
  situ	
  sensors	
  don’t	
  have	
  the	
  full	
  capabiliGes	
  to	
  
provide	
  validaGon	
  for	
  PACE	
  absorpGon	
  products	
  

•  acs	
  -­‐	
  hyperspectral,	
  but	
  no	
  UV	
  and	
  has	
  unquanGfied	
  scaKering	
  errors	
  
•  ICAM	
  -­‐	
  9	
  wavelengths,	
  1	
  UV,	
  “no”	
  scaKering	
  error	
  
•  a-­‐sphere	
  -­‐	
  hyperspectral	
  but	
  poorly	
  constrained	
  dri`/baseline	
  

• ValidaGon	
  requires	
  merging	
  the	
  best	
  of	
  each	
  sensor	
  
• One	
  approach	
  is	
  to	
  quanGfy	
  scaKering	
  error	
  in	
  acs/ac9	
  

•  Use	
  IntegraGng	
  sphere	
  in	
  spectrophotometer	
  to	
  determine	
  
scaKering	
  correcGon	
  and	
  extrapolate	
  to	
  UV	
  

•  Use	
  ICAM	
  to	
  determine	
  scaKering	
  correcGon	
  and	
  extrapolate	
  to	
  UV	
  



Objec%ve  1b  
Can  the  ICAM  provide  a  pathway  to  expand  absorp%on  
to  the  UV  and  provide  scaQering  correc%ons  for  acs?


• Progress	
  to	
  date	
  
•  Laboratory	
  experiments	
  on	
  acs	
  and	
  ICAM	
  

•  CDOM	
  diluGon	
  series,	
  addiGons	
  of	
  50	
  µm	
  beads	
  (Duke	
  ScienGfic)	
  
•  Phytoplankton	
  culture	
  diluGon	
  series	
  

•  Field	
  experiments	
  with	
  acs	
  and	
  ICAM	
  
•  January	
  2016	
  Boussole	
  	
  
•  January	
  9-­‐13	
  2017	
  closure	
  experiments	
  	
  

•  MulGple	
  	
  acs,	
  ac9,	
  ICAM	
  
•  Gershun	
  radiometry	
  
•  1	
  psicam	
  
•  Filter	
  pads	
  (IntegraGng	
  sphere	
  –	
  3	
  Pis)	
  



Comparison  ICAM  and  acs  
CDOM  Experiment


590	
  nm	
  channel	
   Daily	
  pure	
  water	
  	
  
cal	
  criGcal	
  



Comparison  ICAM  and  acs  
CDOM  Experiment

•  acs	
  and	
  ICAM	
  comparison	
  

DiluGon	
  1	
   DiluGon	
  1/4	
  

DiluGon	
  1/8	
   DiluGon	
  1/8	
  +beads	
  

DiluGon	
  1/8	
  +	
  2*beads	
   DiluGon	
  1/8	
  +	
  3*beads	
  



Comparison  ICAM  and  acs  
CDOM  Experiment


• Water	
  calibrated,	
  acs	
  
temperature	
  corrected	
  

•  Comparable	
  values	
  
•  Scales	
  with	
  bead	
  addiGons	
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Comparison  ICAM  and  acs  
CDOM  Experiment


• Water	
  calibrated,	
  acs	
  
temperature	
  corrected	
  

•  Comparable	
  values	
  
•  Scales	
  with	
  bead	
  addiGons	
  

•  acs	
  scaKering	
  corrected	
  

•  aICAM>aacs	
  
•  acs	
  independent	
  of	
  bead	
  
addiGon	
  

440	
  
	
  
510	
  
	
  
630	
  
676	
  

ICAM	
  

acs	
  



Comparison  ICAM  and  acs  
Phytoplankton  Experiment




Comparison  ICAM  and  acs  
Phytoplankton  Experiment


•  acs	
  and	
  ICAM	
  comparison	
  with	
  phytoplankton	
  culture	
  
•  ICAM	
  overesGmates	
  acs	
  by	
  5	
  to	
  14%	
  ±3	
  to	
  11%	
  (r2>0.99,	
  p<10-­‐6)	
  at	
  all	
  wavelengths	
  

•  But	
  underesGmates	
  acs(676)	
  by	
  55%	
  ±3%	
  (r2>0.99,	
  p<10-­‐6)	
  	
  

•  Is	
  fluorescence	
  causing	
  the	
  underesGmaGon?	
  



Summary  of  acs  and  ICAM  Comparison

• Wavelength	
  range	
  and	
  resoluGon	
  

•  acs	
  ~80	
  channels,	
  400	
  to	
  750	
  nm	
  (3	
  nm	
  but	
  requires	
  unsmoothing)	
  
•  ICAM	
  9	
  channels,	
  365	
  to	
  676	
  nm	
  (bandwidth	
  not	
  reported)	
  

•  Data	
  processing	
  and	
  correcGons	
  
•  Pure	
  water	
  correcGon	
  	
  
•  Temperature	
  and	
  salinity	
  correcGon	
  (acs	
  published	
  protocol)	
  
•  ScaKering	
  correcGon	
  (acs	
  uses	
  beam	
  aKenuaGon)	
  

•  Data	
  rates	
  
•  acs	
  6	
  Hz	
  
•  ICAM	
  1	
  Hz	
  (now	
  0.5	
  to	
  0.2	
  Hz)	
  

•  UncertainGes	
  
•  ICAM	
  exhibits	
  sensiGvity	
  to	
  parGcle	
  scaKering	
  but	
  does	
  not	
  have	
  
sufficient	
  wavelength	
  range	
  for	
  developing	
  even	
  a	
  null	
  correcGon	
  
minimally	
  

•  ICAM	
  676	
  nm	
  channel	
  significantly	
  underesGmates	
  the	
  red	
  chlorophyll	
  	
  
absorpGon	
  peak	
  by	
  >50%	
  

•  In	
  situ	
  closure	
  experiment	
  conducted	
  last	
  week	
  will	
  invesGgate	
  
whether	
  these	
  are	
  systemaGc	
  issues	
  



Stepwise  approach  
Step  2.  Discrete  analysis  of  phytoplankton  
absorp%on

•  Samples	
  are	
  concentrated	
  on	
  glass	
  fiber	
  filters	
  
•  Increases	
  signal	
  to	
  noise	
  
•  Removes	
  CDOM	
  from	
  analysis	
  
•  SeparaGon	
  of	
  phytoplankton	
  from	
  other	
  parGculates	
  	
  
•  But	
  there	
  are	
  scaKering	
  losses	
  and	
  pathlength	
  amplificaGon	
  

•  Improved	
  spectrophotometric	
  configuraGon	
  	
  
•  Samples	
  center-­‐mounted	
  in	
  integraGng	
  sphere	
  (IS)	
  
•  MiGgates	
  scaKering	
  losses	
  
•  Reduces	
  uncertainty	
  in	
  pathlength	
  amplificaGon	
  

ObjecGve:	
  	
  QuanGfy	
  uncertainGes	
  in	
  esGmaGng	
  phytoplankton	
  
absorpGon	
  coefficients	
  on	
  discrete	
  samples	
  	
  



Objec%ve  2  
Quan%fy  uncertain%es  in  es%ma%ng  phytoplankton  
absorp%on  coefficients  on  discrete  samples    

Progress  to  date

•  Transfer  func%on  between  transmission  mode  and  
integra%ng  sphere  measurements





•  Reduce	
  uncertainty	
  and	
  
increase	
  accuracy	
  of	
  
historical	
  filter	
  pad	
  
absorpGon	
  data	
  

•  Range	
  of	
  filter	
  loading	
  
•  Field/lab	
  samples	
  



Transfer  func%on  between  
transmission  mode  and  integra%ng  
sphere  measurements

•  (leU)  Results  for  30  samples  (n>14,000)  over  the  en%re  spectrum  


•  (right)  restric%ng  observa%ons  OD<0.35  (%T  mode)  


•    doQed  is  the  best  fit  linear  model                                                                 
            

ODIS=    1.29*ODTR  +  0.00205    


•  Tested  with  data  from  SOCLIM  (La  Réunion-­‐Kerguelen  10/2016)




Objec%ve  3    
Discerning  absorp%on-­‐based  phytoplankton  
func%onal  types  from  mul%spectral  fluorescence

•  Some	
  ValidaGon	
  Plasorms	
  (floats,	
  moorings)	
  not	
  opGmal	
  for	
  
ac	
  meter	
  deployments	
  (e.g.	
  size,	
  power,	
  data,	
  biofouling)	
  
•  To	
  increase	
  opportuniGes	
  for	
  validaGon,	
  small,	
  low	
  power	
  
opGcal	
  sensors	
  are	
  also	
  needed	
  
•  MulGchannel	
  fluorometers	
  (3X1M)	
  provide	
  means	
  for	
  
discerning	
  absorpGon	
  raGos	
  and	
  pigmentaGon	
  (Proctor	
  and	
  
Roesler	
  2010;	
  Thibodeau	
  et	
  al.	
  2014)	
  

ç	
  Fluorescence	
  is	
  
proxy	
  for	
  absorpGon	
  
è	
  Fluorescence	
  raGos	
  
are	
  proxies	
  for	
  pigment	
  
composiGon	
  



Objec%ve  3    
Discerning  absorp%on-­‐based  phytoplankton  
func%onal  types  from  mul%spectral  fluorescence


•  Problems	
  linking	
  in	
  situ	
  
fluorescence	
  observaGons	
  with	
  
remote	
  sensing	
  observaGons	
  
due	
  to	
  Non-­‐Photochemical	
  
Quenching	
  (NPQ)	
  
•  Remote	
  sensing	
  requires	
  
dayGme	
  validaGon	
  and	
  
unquenched	
  fluorescence	
  
occurs	
  at	
  nighvme	
  
•  ParGcularly	
  problemaGc	
  for	
  
Gdally	
  impacted	
  coastal	
  
environments	
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Objec%ve  3    
Discerning  absorp%on-­‐based  phytoplankton  
func%onal  types  from  mul%spectral  fluorescence


•  Start	
  with	
  hourly	
  fluorescence	
  observaGons	
  



Objec%ve  3    
Discerning  absorp%on-­‐based  phytoplankton  
func%onal  types  from  mul%spectral  fluorescence


•  Remove	
  NPQ-­‐impacted	
  observaGons	
  (grey)	
  



Objec%ve  3    
Discerning  absorp%on-­‐based  phytoplankton  
func%onal  types  from  mul%spectral  fluorescence


•  Use	
  Gde	
  proxy	
  (ADCP	
  currents	
  or	
  Salinity)	
  to	
  idenGfy	
  hours	
  of	
  
high	
  (blue)	
  and	
  low	
  (red)	
  Gde	
  during	
  non-­‐NPQ	
  >mes	
  



Objec%ve  3    
Discerning  absorp%on-­‐based  phytoplankton  
func%onal  types  from  mul%spectral  fluorescence


•  Interpolate	
  daily	
  Gdal	
  excursions	
  in	
  non-­‐NPQ	
  fluorescence	
  
between	
  high	
  and	
  low	
  Gde	
  envelope	
  to	
  esGmate	
  the	
  non-­‐
quenched	
  calibrated	
  fluorescence	
  at	
  the	
  mooring	
  that	
  would	
  be	
  
observed	
  every	
  hour	
  



Objec%ve  3    
Discerning  absorp%on-­‐based  phytoplankton  
func%onal  types  from  mul%spectral  fluorescence


•  Improved	
  matchup	
  between	
  hourly	
  in	
  situ	
  calibrated	
  chlorophyll	
  
fluorescence	
  Gme	
  series	
  (black	
  line)	
  and	
  radiometric	
  chlorophyll	
  
concentraGon	
  (green	
  symbols)	
  



Objec%ve  3    
Discerning  absorp%on-­‐based  phytoplankton  
func%onal  types  from  mul%spectral  fluorescence


•  Now	
  variability	
  between	
  Chlsat	
  and	
  Chlinsitu	
  can	
  be	
  examined	
  
from	
  the	
  perspecGve	
  of	
  natural	
  variability	
  in	
  fluorescence	
  per	
  
chl	
  

Fchl	
  raw	
  

Fchl	
  	
  

	
  	
  Tidally	
  corrected	
  

	
  	
  NPQ	
  removed	
  

Chlsat	
  
Chlextracted	
  



Objec%ve  3    
Discerning  absorp%on-­‐based  phytoplankton  
func%onal  types  from  mul%spectral  fluorescence

•  Natural	
  variaGons	
  in	
  the	
  fluorescence	
  per	
  chl	
  (calibraGon	
  slope)	
  
are	
  well	
  documented	
  
• WETLabs	
  calibraGon	
  overesGmates	
  in	
  situ	
  chl	
  with	
  a	
  global	
  bias	
  
of	
  2	
  but	
  local	
  biases	
  of	
  over	
  6	
  in	
  some	
  regions	
  

 
 Challenges of and recommendations for absolute calibration of in situ fluorometers for 
assessing global phytoplankton distributions  
Roesler et al 2017 accepted to Limnology and Oceanography Methods	
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Thank  you



