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Initial	
  processing	
  steps	
  
Using	
  Satlantic	
  SatCon	
  1.5	
  software:	
  
-­‐	
  Process	
  *.raw	
  files	
  with	
  appropriate	
  *.cal	
  files	
  (instrument	
  was	
  calibrated	
  partway	
  
through	
  the	
  expedition;	
  different	
  *.cal	
  files	
  needed	
  before	
  and	
  after	
  this	
  date).	
  
-­‐	
   Process	
   the	
  Es	
   files	
  without	
   the	
   immersion	
   coefficient	
   (IC)	
   applied,	
   and	
   Lu	
   files	
  
with	
  the	
  IC	
  applied	
  (since	
  the	
  instrument	
  is	
  deployed	
  in	
  surface	
  mode).	
  
Using	
  MATLAB:	
  
-­‐	
  Lu	
  and	
  Es	
  dark	
  correction	
  and	
  time	
  interpolation	
  
-­‐	
  Select	
  spectra	
  where	
  both	
  the	
  x	
  and	
  y	
  tilt	
  is	
  less	
  than	
  5	
  degrees	
  
-­‐	
  Exclude	
  spectra	
  with	
  -­‐999	
  values	
  
-­‐	
  Exclude	
  Es	
  and	
  Lu	
  spectra	
  that	
  fall	
  outside	
  of	
  Es	
  IQR.	
  This	
  eliminates	
  anomalous	
  Es	
  
spectra	
   that	
  appear	
   to	
  be	
   in	
  error.	
  The	
  Lu	
   is	
  not	
  analyzed	
   for	
   the	
   IQR	
  range	
  since	
  
there	
  do	
  not	
  appear	
  to	
  be	
  errors	
  in	
  the	
  Lu	
  spectra.	
  However,	
   it	
   is	
  still	
  necessary	
  to	
  
remove	
  the	
  Lu	
  spectra	
  that	
  correspond	
  to	
  the	
  removed	
  Es	
  spectra	
  for	
  consistency	
  in	
  
Rrs	
  calculations.	
  
-­‐	
  Calculate	
  Es	
  and	
  Lu	
  mean	
  and	
  standard	
  deviation	
  (these	
  Es	
  and	
  Lu	
  mean	
  and	
  std	
  
dev	
  are	
  the	
  ones	
  printed	
  in	
  the	
  final	
  file)	
  
	
  
Further	
  processing	
  for	
  Rrs	
  calculation	
  
A	
   self-­‐shading	
   correction	
   using	
   equations	
   from	
   Leathers	
   et	
   al.	
   (2004)	
  was	
   tested,	
  
and	
   showed	
   that	
   in	
  most	
   cases	
   the	
   percent	
   difference	
   in	
   the	
   Lu	
   after	
   the	
   shading	
  
correction	
  was	
  4%	
  or	
  less	
  (Figure	
  1A),	
  but	
  in	
  two	
  cases	
  where	
  the	
  solar	
  zenith	
  angle	
  
was	
   very	
   low	
   (<	
   3	
   degrees),	
   there	
   was	
   an	
   unrealistically	
   large	
   correction	
   (>90%	
  
change	
   between	
   pre-­‐	
   and	
   post-­‐correction,	
   Figure	
   1B),	
   due	
   to	
   the	
   lack	
   of	
  
consideration	
  of	
  the	
  light	
  scattered	
  into	
  the	
  column	
  beneath	
  the	
  sensor.	
  Therefore,	
  
we	
   opted	
   not	
   to	
   apply	
   the	
   self-­‐shading	
   correction	
   to	
   these	
   data	
   until	
   a	
   later	
   date	
  
when	
  the	
  full	
  Monte	
  Carlo	
  simulation	
  for	
  self-­‐shading	
  can	
  be	
  applied.	
  	
  
	
  
	
  
	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Figure	
  1.	
  Histogram	
  of	
  percent	
  change	
  in	
  Lu	
  after	
  self-­‐shading	
  correction	
  is	
  applied	
  
for	
  solar	
  zenith	
  angles	
  of	
  10	
  degrees	
  or	
  greater	
  (A)	
  and	
  all	
  solar	
  zenith	
  angles	
  (B).	
  
The	
  very	
  high	
  %	
  change	
  occurrences	
  in	
  B	
  are	
  when	
  sza	
  <	
  3	
  degrees.	
  
	
  
Calculate	
  Rrs:	
  	
  
-­‐	
  Determine	
  water-­‐leaving	
  radiance	
  (Lw)	
  using:	
  

K_Lu	
   ~(a_w+a_p)/0.5;	
   μu~	
   0.5;	
   K_Lu	
   is	
   the	
   diffuse	
   attenuation	
   coefficient	
  
based	
  on	
  upwelling	
  radiance;	
  μu	
  is	
  the	
  average	
  cosine	
  for	
  upwelling	
  radiance	
  
	
  	
  	
  	
  	
   Lu(λ,	
  0-­‐)	
  =	
  Lu(λ,	
  z)*exp(-­‐K_Lu*z)	
  
	
  	
  	
  	
  	
   Lw(λ)=t*	
  Lu(0-­‐,	
  λ)/(n2)	
  
Where:	
  
	
  	
  	
  	
  z=0.20;	
  	
  meters	
  below	
  surface	
  of	
  radiometer	
  
	
  	
  	
  	
  n=1.34;	
  refractive	
  index	
  of	
  seawater	
  
	
  	
  	
  	
  t=0.98;	
  	
  radiance	
  transmittance	
  of	
  the	
  surface	
  (Chang	
  et	
  al.	
  2003)	
  
	
  
a_w	
  is	
  absorption	
  due	
  to	
  water,	
  determined	
  using	
  Pope	
  and	
  Fry	
  values.	
  
a_p	
  is	
  the	
  absorption	
  by	
  particulate	
  matter,	
  determined	
  using	
  the	
  average	
  spectrum	
  
of	
  the	
  Tara	
  Oceans	
  ac-­‐s	
  in-­‐line	
  deployment	
  from	
  the	
  same	
  day	
  as	
  the	
  HyperPro	
  data	
  
collection	
  (note	
   that	
   in	
  some	
  cases	
   the	
  same	
  ac-­‐s	
  spectrum	
  is	
  used	
  multiple	
   times,	
  
since	
  different	
  HyperPro	
  deployments	
  from	
  the	
  same	
  day	
  are	
  reported	
  separately).	
  	
  
	
  
Finally:	
  
Rrs(λ)=Lw(λ)/Es(λ)	
  	
  
(all	
  Es	
  and	
  Lw	
  spectra	
  from	
  a	
  given	
  deployment	
  are	
  used;	
  average	
  and	
  std	
  dev	
  of	
  Rrs	
  
can	
  then	
  be	
  calculated)	
  
	
  
-­‐	
  Average	
  Es,	
  Lu,	
  and	
  Rrs	
  values	
  are	
  reported,	
  as	
  well	
  as	
  standard	
  deviations	
  of	
  all	
  
three.	
   Note	
   that	
   the	
   Rrs	
   is	
   calculated	
   using	
   Lw,	
  which	
   is	
   not	
   reported	
   (calculated	
  
with	
  above	
  description),	
  therefore	
  the	
  reported	
  Rrs	
  value	
  will	
  be	
  lower	
  than	
  Lu/Es	
  
since	
  the	
  attenuation	
  of	
  light	
  from	
  the	
  sensor	
  to	
  the	
  water	
  surface	
  and	
  then	
  across	
  
the	
  water/air	
  interface	
  is	
  being	
  accounted	
  for.	
  	
  
	
  	
  	
  	
  	
  
Other:	
  
-­‐	
   Start	
   time	
  and	
  end	
   time	
  printed	
   in	
   the	
   text	
   file	
  are	
   the	
  beginning	
  and	
  end	
  of	
   the	
  
HyperPro	
  deployment	
  

A	
   B	
  



-­‐	
  Latitude	
  and	
  longitude	
  are	
  the	
  average	
  lat	
  and	
  lon	
  for	
  the	
  ac-­‐s	
  data	
  file	
  on	
  the	
  same	
  
day	
  as	
  the	
  HyperPro	
  data	
  
-­‐	
  If	
  there	
  is	
  no	
  corresponding	
  ac-­‐s	
  data,	
  the	
  HyperPro	
  data	
  is	
  not	
  reported	
  (this	
  is	
  the	
  
case	
  7	
  times)	
  
	
  
	
  
	
  


