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Introduction 

 

The Hyperspectral Coupled Ocean Dynamics Experiment (HyCODE) is an Office of 

Naval Research (ONR) sponsored five-year interdisciplinary program.  HyCODE field 

experiments are located 1) off the coast of New Jersey at the Long-term Ecological 

Observatory site in 15 m water depth (LEO-15), 2) on the west Florida Shelf as part of 

the ONR Ecology of Harmful Algal Blooms (EcoHAB) program, and 3) in the Bahamas 

near Lee Stocking Island as part of the ONR Coastal Benthic Optical Processes (CoBOP) 

program.  This report focuses on results from the New Jersey shelf, which is located in 

the New York Bight (NYB) and the Middle Atlantic Bight (MAB).  The main objective 

of the HyCODE program is to develop an understanding of the diverse processes that 

control inherent and apparent optical properties (IOPs and AOPs, respectively) in the 

coastal ocean by use of hyperspectral imagery.  Basic research is centered on the 

investigation of the impact of relatively small-scale physical, biological, and chemical 

processes on near-surface spectral IOPs and AOPs.  Some of the processes under 

investigation for the HyCODE project include advection of optically important material, 

phytoplankton growth and loss, bubble injection, sediment resuspension, fronts, and 

internal waves.  Applied research focuses on the development and validation of 

hyperspectral ocean color algorithms. 

 

Our study as part of the HyCODE program concerns the prediction of IOPs and AOPs 

and their temporal and spatial variability, which bear on underwater visibility, improved 



 

  

capabilities for naval operations in the coastal ocean, and the health of the coastal 

ecosystem.  Specifically, our objectives are to: 

1) Capture variability of the vertical and horizontal structure of both optical and physical 

properties on time scales ranging from minutes to months.  

2) Provide the maximum number of in situ observations (highest possible number of 

match-ups) of IOPs and AOPs possible for calibrating, groundtruthing, and relating 

subsurface optical properties (algorithm development) to satellite data, and to develop, 

test, and validate optical models and high-resolution interdisciplinary models of the 

coastal ocean. 

3) Study processes which contribute to temporal and spatial (horizontal and vertical) 

variability of spectral IOPs and AOPs (e.g., upwelling, downwelling, fronts, filaments, 

eddies, blooms, larger-scale circulation patterns, wave fields, water column stratification, 

current shears, near surface and near bottom mixing, diurnal and seasonal cycles, riverine 

and runoff inflows). 

 

We hypothesize that: 

1) Moored bio-optical data can be used to produce continuous time series of vertical 

profiles which can be related to both the mooring-derived surface remote sensing 

reflectance and column integrated remote sensing reflectance obtained from satellite data. 

2) Inclusion of a limited number of key in situ optical and physical measurements in 

conjunction with satellite data in coupled models will improve determinations and 

predictions of variability of spectral IOPs and AOPs related to physical processes. 



 

  

3) Upwelling fronts and internal solitary waves (ISWs) are responsible for significant 

variability in IOPs and AOPs on the New Jersey continental shelf and are responsible for 

major surface signatures in the water-leaving spectral radiance to be observed by 

satellites at particular wavelengths. 

 



 

  

Instrumentation 

 

The site of the HyCODE field experiment is the New Jersey shelf of the NYB and the 

MAB in 24 m water depth (Figure 1).  We placed newly developed optical and physical 

instruments at several depths on a mooring and a bottom tripod at 39°20.47’N, 

74°05.05’W (Figures 1 and 2) from 16 May to 15 September 2000.  Most of the 

instruments were recovered and redeployed on 25 July 2000.  Physical and bio-optical 

instruments on the mooring include: 1) Wet Labs, Inc. ac-9s for absorption and 

attenuation at nine wavelengths (5, 11, and 20 m); 2) Biospherical Instruments, Inc. PAR 

sensors (QSP-200) for photosynthetically active radiation (5, 11, and 20 m); 3) Wet Labs, 

Inc. fast-sampling fluorometers and transmissometers (WETStars and C-stars) for 

chlorophyll-a concentration and beam attenuation at 660 nm, respectively (5 and 11 m); 

4) Hobi Labs Hydroscat-6 for backscattering at six wavelengths and fluorescence at two 

wavelengths (5 m); 5) Sea-Bird Electronics, Inc. SEACATs for temperature and salinity 

(5, 11, and 20 m); 6) Onset Computer Corp. Tidbits for temperature (0.5, 11, 14, 17, 20, 

22, and 23 m); 7) Sea-Bird Electronics, Inc. temperature sensors (SBE-39; 1, 3, 8, and 21 

m); 8) Sea-Bird Electronics, Inc. pressure sensor at 21 m; and 9) a Wet Labs, Inc. HiStar 

for absorption and attenuation at 100 wavelengths (20 m).  Sea-Bird Electronics, Inc. 

SBE 5T submersible pumps were also deployed at 5, 11, and 20 m for use with the WET 

Labs, Inc. ac-9 and WETStar fluorometers.  An uplooking RD Instruments, Inc. Acoustic 

Doppler Current Profiler (ADCP) was placed on a bottom tripod for currents binned 

every 2 m.  The ADCP was not recovered and redeployed on 25 July; it remained in the 

water between 16 May and 15 September 2000.  The fast-sampling fluorometers and 



 

  

transmissometers were sampled every minute at a four second period.  The sampling rate 

for the SBE-39 temperature sensors and SEACAT temperature and salinity sensors was 

once per minute.  The Tidbit temperature sensors sampled once every five minutes.  The 

sampling rate for the Hydroscat-6 was once per hour.  The PAR was sampled eight times 

per hour. Lastly, the sampling rate for the ac-9 and HiStar was once per hour for 30 

seconds.  The ac-9 wavelengths are: 412, 440, 488, 510, 532, 555, 650, 676, and 715 nm. 

 

The functionality of the sensors for the second deployment of the HyCODE experiment is 

summarized in Tables 1 and 2. 

 



 

  

Sensor Functionality Summary 
 
Table 1. Sensor functionality for 5, 11, and 20 m sensor packages. 

Instrument Estimate of 
Failure Date 

Comments 

5 m Sensors 
ac-9 
SN 0149 

NONE  

PAR 
SN 4216 

NONE  

WETStar fluorometer 
SN WS3S-172 

NONE  

C-STAR transmissometer 
SN CST-325PR 

NONE  

MICROCAT 
SN 1436 

NONE  

HydroScat-6 
SN HS990319 

NONE  

11 m Sensors 
ac-9 
SN 0157 

NONE  

PAR 
SN 4464 

NONE  

WETStar fluorometer 
SN WS3S-171 

NONE  

C-STAR transmissometer 
SN CST-329PR 

NONE  

MICROCAT 
SN 1437 

NONE  

Tidbit 
SN 317716 

NONE  

20 m Sensors 
ac-9 
SN 0150 

JD 225 a-tube went awry.  

PAR 
SN 4213 

NONE  

MICROCAT 
SN 1438 

NONE  

Tidbit 
SN 317717 

NONE  

HiStar 
SN HSX-005 

JD 207 No data.  Problem with data bytes. 

 



 

  

Table 2. Sensor functionality for temperature sensors. 
Instrument Estimate of 

Failure Date 
Comments 

SBE-39 Temperature Sensors 
1 m: SN 227 NONE  
3 m: SN 230 NONE  
8 m: SN 178 NONE  
21 m: SN 251 NONE  

Tidbit Temperature Sensors 
0.5 m: SN 317714 NONE  
11 m: SN 317716 NONE  
14 m: SN 317715 NONE  
17 m: SN 317718 NONE  
20 m: SN 317717 JD 207 No data.  Forgot to restart data acquisition. 
23 m: SN 317719 NONE  
24 m: SN 317720 NONE  
Tripod: SN 317721 NONE  
 



 

  

Calibrations 

 

Wet Labs, Inc. calibrates the ac-9 and HiStar to provide a reading of 0.00 for each 

channel in specially filtered clean, fresh water.  An offset value was determined during 

the calibration process which, when added to the raw instrument output in clean water, 

provides zeroes for all wavelengths at a specific temperature.  Therefore, the final output 

of the ac-9 and HiStar is the absorption and attenuation coefficients with pure water 

values subtracted out.  In addition to calibrations, corrections for internal temperature and 

scattering were applied according to the ac-9 protocol manual (obtained from 

http://www.wetlabs.com/otherinfo/ugftp.htm). 

 

The Biospherical Instruments, Inc. PAR sensors (QSP-200) were factory calibrated using 

a National Institute of Standards and Technology (NIST) traceable 1000 watt type FEL 

Standard of Spectral Irradiance [QSP-200, 1995]. 

 

DC volts measured by the Wet Labs, Inc. WETStar fluorometers were converted to 

relative fluorescence units by use of the following equations [WETStar, 1995]: 

 RFUchl = (Volts – Vblank) * scale  

 Scale = Chlstd / (Vstd – Vblank). 

Factory calibrations were used.  To calibrate the instruments, voltage outputs were 

measured for a blank solution (pure seawater) and a solution containing 1.0 mg l-1 of 

coproporphyrin tetramethyl ester, where 0.5 mg l-1 of copro. is approximately equal to 50 

µg l-1 of chlorophyll in a Thallassiosira weissflogii phytoplankton culture.  A linear fit 



 

  

can be applied to the plot of [Chl]solution versus Voltsmeasured because the fluorometers’ 

responses are approximately linear over their measurement ranges.  Relative fluorescence 

units were then converted to chlorophyll-a concentration by calibrating it against 

chlorophyll-a concentration obtained using ac-9 data and the relationship [Shifrin, 1988]: 

 aph(λ) = Cph aph
sp(λ),       

where aph(λ) (m-1) is the absorption due to phytoplankton, Cph is the concentration of 

chlorophyll (µg l-1), and aph
sp(λ) (l µg-1 m-1) is the specific absorption of phytoplankton.  

The concentration of chlorophyll-a was determined by assuming that aph(676) is equal to 

the absorption due to chlorophyll-a at 676 nm (achl(676)).  achl(676) was determined with 

the assumption that chlorophyll-a is the only absorbing material at 676 nm and was 

calculated using the following equation [WETView, 1993]: 

 achl(676) = at-w(676) – ½ [at-w(650) + at-w(715)].            

A published value of 2.46 x 10-2 l µg-1 m-1 for aph
sp(676) [Shifrin, 1988] was applied to 

the equations above to determine chlorophyll-a from ac-9 data. 

 

The Wet Labs, Inc. C-Star is subjected to several tests including a temperature bath, clean 

water reading and blocked path to provide the characterization voltages required to obtain 

good data in the field.  The calibration documentation provided with each instrument lists 

these voltages.  The clean water calibration is used to obtain the reference voltage of the 

instrument so that the final output of the C-Star is beam attenuation at 660 nm with pure 

water values subtracted out. 

 

HobiLabs, Inc. provides both uncalibrated and calibrated data for the Hydroscat-6. 



 

  

 

Calibrations for the SBE-39 temperature sensors are internally calibrated by converting 

thermistor resistance values to temperature with the Steinhart-Hart equation:  

T = {1 / [A + B * ln R + C * (ln R)3]} – 273.15. 

 

Sea-Bird Electronics, Inc. MICROCATS are also internally calibrated by using the ITS-

90 temperature scale and the PSS 1978 conductivity calibration for temperature and 

conductivity, respectively. 

 
Calibration constants used for data processing (discussed below) are found in Tables 3-5.  



 

  

Table 3. Calibration information for 5 m sensor package. 

Instrument Serial 
Number 

Calibration Constant Date Calibrated 

5 m Sensors 
ac-9 0149 Channel        N        T0 

a412       6.69465        25 
a440       6.45408        25 
a488       6.84371        25 
a510       6.92092        25 
a532       7.01615        25 
a555       7.20179        25 
a650       7.35525        25 
a676       7.37662        25 
a715       6.93324        25 
c412       7.24511        25 
c440       5.69604        25 
c488       7.66066        25 
c510       7.72923        25 
c532       7.73283        25 
c555       7.93931        25 
c650       7.74975        25 
c676       7.64320        25 
c715       6.88971        25 

 

17 April 2000 

PAR 4216 -1.1792E+17 ((quanta cm-2 sec-1) / V) 12 November 
1999 

WETStar 
Fluorometer 

172 Vblank = 0.072 
Vstd = 3.077 

Chlstd = 100.0 

17 March 2000 

C-STAR 
Transmissometer 

325 Vd = 0.062 
Vair = 4.905 
Vref = 4.981 

7 February 2000 

HydroScat-6 0319 Self-Calibration 3 April 2000 
MICROCAT 1436 Self-Calibration --- 



 

  

Table 4. Calibration information for 11 and 20 m sensor packages. 
Instrument Serial 

Number 
Calibration Constant Date Calibrated 

11 m Sensors 
ac-9 0157 Channel         N          T0 

a412       7.9273        25 
a440       7.9387        25 
a488       8.0544        25 
a510       8.1596        25 
a532       8.2147        25 
a555       8.2939        25 
a650       8.3557        25 
a676       8.3568        25 
a715       7.8394        25 
c412       6.5260        25 
c440       6.7942        25 
c488       7.1116        25 
c510       7.2322        25 
c532       7.2319        25 
c555       7.3120        25 
c650       7.1555        25 
c676       6.9212        25 
c715       6.5581        25 

 

17 March 2000 

PAR 4464 -1.0309E+17 ((quanta cm-2 sec-1) / V) 24 November 
1999 

WETStar 
Fluorometer 

171 Vblank = 0.061 
Vstd = 3.054 

Chlstd = 100.0 

17 March 2000 

C-STAR 
Transmissometer 

329 Vd = 0.061 
Vair = 4.866 
Vref = 4.996 

7 February 2000 

MICROCAT 1437 Self-Calibration --- 
Tidbit 317716 Self-Calibration --- 

20 m Sensors 
ac-9 0150 Channel       N             T0 

a412     6.58278       25 
a440     6.64844       25 
a488     6.86168       25 
a510     6.94747       25 
a532     7.03531       25 
a555     7.13302       25 
a650     7.32234       25 
a676     7.30071       25 
a715     6.91746       25 
c412     6.93332       25 
c440     6.99861       25 
c488     7.30158       25 
c510     7.33569       25 
c532     7.33171       25 
c555     7.44350       25 
c650     7.15572       25 
c676     7.07384       25 
c715     6.69204       25 

 

17 April 2000 

PAR 4213 -1.1500E+17 ((quanta cm-2 sec-1) / V) 12 November 
1999 

MICROCAT 1438 Self-Calibration --- 
Tidbit 317717 Self-Calibration --- 



 

  

Table 5. Calibration information for temperature sensors. 
Instrument Serial 

Number 
Calibration Constant Date Calibrated 

SBE-39 Temperature Sensors 
SBE-39 227 Self-Calibration --- 
SBE-39 230 Self-Calibration --- 
SBE-39 178 Self-Calibration --- 
SBE-39 251 Self-Calibration --- 

Tidbit Temperature Sensors 
Tidbit 317714 Self-Calibration --- 
Tidbit 317715 Self-Calibration --- 
Tidbit 317718 Self-Calibration --- 
Tidbit 317719 Self-Calibration --- 
Tidbit 317720 Self-Calibration --- 
Tidbit 317721 Self-Calibration -- 

 

 



 

  

Data 

 
Data Processing 
 

ac-9 and PAR data 

INPUT : Raw binary data (ac-9) and raw hexadecimal data (PAR) 

    5 m  : hycb2xxx.raw 
    11 m: hycb2xxx.raw 
    20 m: hycb2xxx.raw 

FORTRAN PROCESSING PROGRAM: ac9par.f 

Program converts data into scientific values with physical units. 

 Temperature corrections are applied according to the ac-9 protocol manual. 

 CALIBRATIONS for ac-9 and PAR in: 

5 m  : ac90149.dev and ac90149.cnt 
11 m: ac90157.dev and ac90157.cnt 
20 m: ac90150.dev and ac90150.cnt 

OUTPUT: ASCII matrices (19 by n for ac-9 and 2 by n for par) 

       5 m  : hycb2xxx.dat (ac-9) 
      hycb2xxx.par (PAR) 
      h05mac9ave.dat (1-hr averaged ac-9) 
      h05mparave.dat (1-hr averaged PAR) 
       11 m: hycb2xxx.dat (ac-9) 
      hycb2xxx.par (PAR) 
      h11mac9ave.dat (1-hr averaged ac-9) 
      h11mparave.dat (1-hr averaged PAR) 
       20 m: hycb2xxx.dat (ac-9) 
      hycb2xxx.par (PAR) 
      h20mac9ave.dat (1-hr averaged ac-9) 
      h20mparave.dat (1-hr averaged PAR) 

Scattering corrections are applied in Matlab programs.  Salinity corrections were not 

applied; differences were within the precision of the instrument. 



 

  

Fluorometer and transmissometer data 

INPUT: Raw ASCII data  

  5 and 11 m: fast2xxx.raw 

FORTRAN PROCESSING PROGRAM: fluotran.f 

Program converts data into scientific values with physical units. 

 CALIBRATIONS for fluorometer and transmissometer found in: 

  5 m  : 5m.cnt 
  11 m: 11m.cnt 

OUTPUT: ASCII matrices (3 by n) 

       5 m : fast5m.dat 
     fast5m_hr.dat (1-hr average) 
      11 m: fast11m.dat 
     fast11m_hr.dat (1-hr average) 

Fluorometer outputs are in relative fluorescence units (R.F.U.).  R.F.U. is converted to 

chlorophyll-a concentration in Matlab programs according to the procedures outlined in 

the calibration section above. 

 

 

Hydroscat-6 data 

Processed using the program provided by Hobi Labs.



 

  

MICROCAT data 

INPUT: Raw ascii data 

   5 m  : sn1436v2.asc 
   11 m: sn1437v2.asc 
   20 m: sn1438v2.asc 

MANUFACTURER PROCESSING PROGRAM 

 Program converts input data into scientific values with physical units. 

FORTRAN PROCESSING PROGRAM: seacat.f 

 Program reads in the data and outputs to columnar format with dates as year days 

OUTPUT: ASCII matrices (4 by n) 

      5 m  : 05m_sn1436.dat 
      11 m: 11m_sn1437.dat 
      20 m: 20m_sn1438.dat 

 

 

SBE-39 temperature data 

INPUT: Scientific values in calibrated physical units 

   1 m  : sn227_v4.asc 
   3 m  : t230_3m2.asc 
   8 m  : t178_8m.asc 
   21 m: t251_21m.asc 

MANUFACTURER PROCESSING PROGRAM 

 Program converts input data into scientific values with physical units. 

FORTRAN PROCESSING PROGRAM: sbe-39.f 

 Program reads in the data and outputs to columnar format with dates as year days 

OUTPUT: ASCII matrices (2 by n) 

       1 m  : t227_off2.dat 
       3 m  : t230_3m2.dat 
       8 m  : t178_8m.dat 
       21 m: t251_21m.dat 
 

 



 

  

Tidbit temperature data 

INPUT: Raw binary data 

   0.5 m: hyc2_714.dat 
   11 m : hyc2_716.dat 
   14 m : hyc2_715.dat 
   17 m : hyc2_718.dat 
   20 m : hyc2_717.dat 
   23 m : hyc2_719.dat 
   24 m : hyc2_720.dat 
   24 m : hyc2_721.dat 

FORTRAN PROCESSING PROGRAM: temperature.f 

 Program reads in the data and outputs to columnar format with dates as year days. 

 0.5 m: hyc2_01m.txt 
 11 m : hyc2_11m.txt 
 14 m : hyc2_14m.txt 
 17 m : hyc2_17m.txt 
 20 m : hyc2_20m.txt 
 23 m : hyc2_23m.txt 
 24 m : hyc2_24m.txt 
 24 m : hyc2_24a.txt



 

  

Appropriate equations 

 

Equations to calculate absorption and attenuation from ac-9 output: 

 c(λ) = N – [4 * ln (csig / cref)] + [(T – T0) * Kt] 

 a(λ) = N – [4 * ln (asig / aref)] + [(T – T0) * Kt] 

where c(λ) and a(λ) are attenuation and absorption, respectively; and csig, cref, asig, and 

aref are outputs of the ac-9; T is the internal temperature (output of ac-9), T0 is 

the temperature offset (from device file), and Kt is a temperature coefficient 

(determined from a look-up table in device file). 

Scattering equation for absorption: 

 a(λ) = a(λ) - 0.14 * b(λ) 

where b(λ) is the scattering coefficient. 

 

Equations to calculate PAR: 

 (pcount * 5 / 4095) * pcal = pvolt 

 gain = -10-1, -2, or –3 

 par = ((pvolt / gain) / 6.022E+17) * 105 

where pcount is the output of the PAR sensor, pcal is the calibration constant (see    

calibration section above), pvolt is PAR in volts, gain is the gain value (1, 2, or 3), 

6.022E+17 and 105 are conversion factors. 

 

Equations to calculate chlorophyll-a concentration from fluorometer: 

 RFUchl = (volts – Vblank) * scale  

 scale = Chlstd / (Vstd – Vblank) 

where volts is the output of the fluorometer, and Vblank, Chlstd, and Vstd are factory 

calibrations. 

 



 

  

Equations to calculate beam attenuation from transmissometer: 

c(660) = - 1 / x * ln ((Vsig - Vdark) / (Vref - Vdark)) 

where Vsig is the output of the transmissometer, Vdark is the dark voltage offset (factory 

calibrated), Vref is the clean water output (factory calibrated), and x is the 

pathlength of the instrument (10 cm). 

 

 

 



 

  

Figure captions 

 

Figure 1. AVHRR sea surface temperature map of the Middle Atlantic Bight and the New 

York Bight obtained on 10 June 2000.  The black line denotes the approximate 

location of the shelf-slope front.  Inset: site map of the spring 2000 HyCODE 

field experiment.  The purple circle specifies the approximate location of the 

UCSB-OPL mooring and tripod. 

Figure 2. Mooring and tripod schematic diagrams. 

Figure 3. Time series of 2-hour averaged a) 6 m, b) 8 m, c) 10 m, d) 12 m, e) 14 m, f) 16 

m, and g) 18 m ADCP east (u) and north (v) component velocity data during both 

deployments. 

Figure 4. Stickplots of 12-hour averaged current velocity at 6, 8, 10, 12, 14, 16, and 18 m 

depths during both deployments.  

Figure 5. Time series of a) absorption, b) scattering, and c) attenuation coefficient at nine 

wavelengths collected by the 5 m ac-9. 

Figure 6. Time series of a) absorption, b) scattering, and c) attenuation coefficient at nine 

wavelengths collected by the 11 m ac-9. 

Figure 7. Time series of a) absorption, b) scattering, and c) attenuation coefficient at nine 

wavelengths collected by the 20 m ac-9. 

Figure 8. 12-hour averaged total minus water spectral absorption at the 5 m depth. 

Figure 9. 12-hour averaged total minus water spectral absorption at the 11 m depth. 

Figure 10. 12-hour averaged total minus water spectral absorption at the 20 m depth. 

Figure 11. Time series of hourly averaged PAR at a) 5 m, b) 11 m, and c) 20 m depths. 



 

  

Figure 12. Time series of fluorescence (in relative fluorescence units) at a) 5 m, and b) 11 

m depths. 

Figure 13. Intercalibration between chlorophyll-a derived from the ac-9 and from the 

fluorometer at 5 m depth. 

Figure 14. Intercalibration between chlorophyll-a derived from the ac-9 and from the 

fluorometer at 11 m depth. 

Figure 15. Time series of transmissometer-derived beam attenuation (660 nm) at a) 5 m, 

and b) 11 m depths. 

Figure 16. Intercalibration between beam attenuation derived from the ac-9 (650 nm) and 

from the transmissometer (660 nm) at the 5 m depth. 

Figure 17. Intercalibration between beam attenuation derived from the ac-9 (650 nm) and 

from the transmissometer (660 nm) at the 11 m depth. 

Figure 18. Time series of a) backscattering coefficient at six wavelengths, and b) 

fluorescence at two wavelengths measured by the Hydroscat-6. 

Figure 19. Stack plot of a) temperature time series, b) salinity time series, and c) density 

time series.  Select depths are labeled on the right. 

Figure 20. Contour plot of temperature time series. 
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