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First a few basics:  Water color 
(reflectance) is driven by a 
combination of scattering 
(which tends to be smooth 
spectrally) and absorption.  
Major absorption constituents 
are pure water, phytoplankton, 
and dissolved organics.  
These all effect the reflectance 
and color. 

From Ocean Optics Web book, Collin Roesler  



Ocean Color 
opportunity: 
Clarke, Ewing and 
Lorenzen’s  aircraft 
measurements 
(Science, 1970) 
relationships have 
been pointed out 
between surface Chl 
and the spectra of the 
water leaving the 
ocean. 

From Gordon et al.1985, in Satellite Oceanic Remote Sensing 



Ocean Color Difficulty 



Atmospheric correction requires a well calibrated 
instrument, and has a very long “lever arm”.   
 
Rule of thumb….water is 10% of signal.  Desired 
accuracy for Lw is 5%, so need Top of 
Atmosphere accuracy to be 0.5%.....Result is 
satellite instrument system needs to be vicariously 
calibrated. 



Dennis	
  Clark	
  (NOAA)	
  developed	
  an	
  
autonomous	
  plaBorm	
  as	
  a	
  result	
  of	
  the	
  
CZCS	
  experience	
  (55	
  days	
  at	
  sea,	
  9	
  good	
  

sta7ons).	
  
•  Collect	
  	
  and	
  send	
  back	
  data	
  daily	
  
•  Site	
  requirements:	
  

– Reasonable	
  clear	
  sky	
  sta7s7cs	
  
– Homogeneous	
  waters	
  with	
  a	
  
clean	
  atmosphere	
  

– Logis7cally	
  possible	
  (close	
  to	
  a	
  
source	
  of	
  ships,	
  reasonable	
  
chance	
  of	
  low	
  sea	
  state)	
  

– Communica7on	
  daily	
  (cell	
  phone)	
  
	
  



The current MOBY site is off of 
Lanai, Hawaii. 
 
Tent constructed on UHMC site 
 
Ships available  



MOBY!



This	
  system	
  has	
  been	
  extensively	
  
characterized	
  

•  Stray	
  light	
  characteris7cs	
  on	
  SIRCUS	
  repeatedly	
  
measured,	
  with	
  correc7ons	
  added	
  to	
  data	
  

•  Pre-­‐post	
  radiometric	
  response	
  with	
  direct	
  
traceability	
  to	
  NIST	
  scales	
  and	
  addi7onal	
  custom	
  
instruments	
  monitoring	
  of	
  calibra7on	
  sources	
  

•  Diver	
  calibra7ons/cleaning	
  monthly	
  
•  On	
  board	
  sources	
  monitored	
  	
  

daily	
  

•  Area	
  around	
  the	
  site	
  has	
  been	
  
	
  	
  characterized	
  



Pre-Aerosol, Cloud, and ocean Ecosystem (PACE) mission.  
Expected launch now 2022.  Primary goal:  “Understand and 
quantify global ocean biogeochemical cycling and 
ecosystem function in response to anthropogenic and 
natural environmental variability and change.” 
 
This work is a response to the vicarious calibration 
development call for PACE. 
 
PACE will measure from 350 nm to 2100 nm.  Previous 
ocean color instruments started at around 412 nm.   
 
Expansion into UV does two things:   
1) in coastal waters, with high CDOM allows atmospheric 
correction to use the UV (water dark again) to constrain the 
lever arm. 
2) in other cases, gives a better measurement to differentiate 
Chl from CDOM.   



This	
  work:	
  MOBY-­‐Net	
    
 
Objective: Develop a vicarious calibration instrument 
which can return MOBY level Lw data from alternate 
sites and meets the recent IOCCG white paper goals 
of developing multiple vic/cal sites with: 

    A) identical  instrumentation 
    B) centrally, and consistently characterized and 
calibrated 

    C) consistent and uniform data processing 
This system would take advantage of the work to 
update and enhance the current MOBY instrument.  
Also addresses criticism of MOBY site (lower N.H., 
in glitter for MODIS and VIIRS during the summer…
non tilting systems). 
       



MOBY-­‐Net	
  
  
       

Project: Build two prototype MOBY-NET buoys 
that will have: 
A) a buoy hull with the major structure similar to 
MOBY but can fit in a 40’ container and be able to 
accept modular optical system. 
B) a modular, stable, optical system allowing 
installation and removal from buoy hull as an 
intact piece 
C) A separated stable source and radiometer, 
transported with the MOBY-NET optical system to 
verify system performance pre/post deployment at 
remote site. 



In-­‐line	
  
Volume	
  Phase	
  
Holographic	
  

gra7ng	
  

From http://www.bayspec.com/
technical-support/definitions/vpg/ 
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Figure 4.  Sample image of the simultaneous acquisition of 14 spectra from a white light source 
that illuminated all fibers.  The horizontal axis is in CCD columns (pixels) and is in proportion to 
wavelength; the vertical axis is CCD rows (pixels) and is in proportion to physical location along 
the long axis of the entrance slit.  The individual fiber-illuminated sections are termed “tracks” 
and are numbered from 1 to 14 starting at the bottom of the image; spectra go from red to blue 
with increasing pixel values. 
 
Characterization and Performance 
 
The information on Fig. 4 indicates the general function of the Resonon instrument in that it 
simultaneously can accumulate all 14 tracks of data.  The characterizations reported here have 
centered on understanding the imaging in the dispersion and slit dimensions, including stray light 
and cross track illumination.  The stray light and cross track testing was performed at the NIST 
Spectral Irradiance and Radiance Calibration with Uniform Sources (SIRCUS) facility (Brown et 
al. 2000).  A reflection artifact that needs attention was noted in the blue spectrograph and it is 
illustrated in Fig. 5.  A key observation was that the position of the artifact in the dispersion 
direction was independent of the wavelength of the incident flux, indicating that the artifact 
involved zero-order dispersion in some fashion.  In Fig. 5, Track 2 was illuminated and the 
artifact occurs primarily on Track 13.  The problem appears in every track in a complementary 
way, Track 1 and Track 14, Track 3 and Track 12 and so on. 
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correction algorithm (Zong et al. 2006) or replacement of the PGP assembly in the blue 
spectrograph with one that is manufactured without the SiO2 coating. 
 
The SIRCUS testing indicated that the stray light rejection on this instrument was very good in 
comparison to the Marine Optical System (MOS) that is used in MOBY, as well as the two other 
multi-channel instruments mentioned above – the Holospec and the CP140.  Figure 6 shows the 
output of one of the channels (tracks) on the Resonon instrument compared to these three other 
imaging spectrograph systems.  Inspection of Fig. 6 indicates that the out-of-band response to 
similar laser illumination is nearly an order magnitude less on the Resonon instrument compared 
to the other instruments.  In the wings of the peak, the signal is down by 5 orders of magnitude 
for the Resonon spectrographs and hence the stray light correction will be significantly less for 
this instrument compared to the MOBY spectrographs and the other instruments compared in 
Fig. 6.  Particularly for the MOS instrument the decrease in out-of-band or stray light is quite 
significant, about a factor of 20.  Absent also from the Resonon  instrument is the complexity of 
secondary peaks that are a cause of stray light removal difficulty with the MOBY instrument as 
can be seen on the MOS output in Fig. 6 or in the results presented in Feinholz et al. (2009). 
 

 
Figure 6.  Comparison of the output of the blue Resonon instrument to a JY CP140, a KOSI 
Holospec, and a MOBY MOS spectrograph using monochromatic laser illumination. The signals 
have been normalized by the in-band area (delineated by the gap near relative pixel zero) and 
shifted in pixel (wavelength) coordinate in order to emphasize the differences in the wings; finite 
response away from the central peak with monochromatic illumination is termed “stray light” 
and causes spectral biases in the data. 
 
This initial stray light characterization data with the SIRCUS facility was limited in scope.  A 
coarse input laser wavelength grid of 40 nm was used for Tracks 6 and 8; 20 nm for Track 7; the 
remainder of the tracks were measured at a single wavelength of 550 nm.  These initial data, see 

Expected Straylight response 

Shown is the straylight response of the current MOBY buoy (MOS), and 3 
spectrometer systems that we tested as prototypes.  The blue line, labeled 
Resonon, is the prototype that we selected.  There is more than an order 
of magnitude improvement in straylight performance over MOS. 

The tunable laser we will be using 
in Hawaii to characterize the 
Straylight response. 



Preliminary	
  results	
  from	
  the	
  blue	
  
spectrometer	
  prototype	
  

White light illumination 

Showing spatial resolution 

We will be doing spectral resolution, 
stray light analysis on the system in 
Hawaii. 



Instrument systems CAS 140CT system to be 
used for monitoring stability source.  NIST has 
a lot of good experience working with these 
spectrometers. 

Yankee Environmental Systems 
SQM – 5002 source that we will be 
using as the stability source.  It 
also has internal detectors (two 
filtered detectors, one unfiltered) to 
monitor the lamp rings and 
integrating cavity. 



Major	
  cost	
  for	
  maintaining	
  the	
  site	
  
is	
  ship7me	
  for	
  swapping	
  buoys.	
  

•  Add	
  UV	
  Led	
  Biofouling	
  unit	
  to	
  radiometer	
  
heads.	
  	
  Illuminate	
  window	
  with	
  285	
  nm.	
  	
  	
  

06-Oct-2001
MOBY217
PostCal
LuTop

LuMid

LuBot

(File: \data\2001\l72\photos\B17Post\ob17lu01.pdf)

19-Mar-2004
MOBY225
PostCal
EdTop
( with barnacle )

17-Mar-2004
LuTop
( with “spider web” )

(File: \data\2004\l104\photos\B25PosCal\ob25el01.pdf)Deployment M217 
6/2/2001 – 9/25/2001 

Deployment M225 
11/12/2003 – 2/3/2004 

NOTE THESE ARE EXCEPTIONALLY BAD CASES! 



Will	
  be	
  difficult	
  to	
  stop	
  these….	
  



Conclusions	
  

•  At	
  this	
  point	
  we	
  are	
  only	
  9	
  months	
  into	
  the	
  
project	
  that	
  consists	
  of	
  a	
  lot	
  of	
  long	
  lead	
  7me	
  
acquisi7ons.	
  

•  We	
  are	
  star7ng	
  to	
  get	
  some	
  preliminary	
  data	
  
on	
  instrument	
  performance	
  and	
  have	
  just	
  
go_en	
  some	
  prototypes	
  to	
  work	
  with.	
  

•  Expect	
  much	
  more	
  to	
  report	
  by	
  the	
  next	
  ESTF	
  
mee7ng.	
  


