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Abstract

The Hudson River is a major source of freshwater to the coastal ocean of the northeastern 
United States. It flows through the New York metropolitan area, one of the most 
populated regions in the country. The average freshwater discharge at the Battery for the 
Hudson River in 1991 was 27,000 cubic feet per second, of which 5,300 cubic feet per 
second was municipal waste water. Thus, water quality in the New York Harbor and in 
the bight apex are of concern to coastal resource managers. Ocean color satellites 
provide daily synoptic data of the region and could be of significant value to both 
scientists and resource managers. In order to be able to use satellite ocean color data in 
these urban estuaries, robust algorithms that work in case II waters are required. To 
construct such algorithms, there is a need to understand the spatial and temporal 
variability in the optical properties of the local waters.

Measurements of surface spectral absorption, attenuation, chlorophyll pigment biomass, 
particulate absorption, and dissolved organic material absorption were made during a 
cruise on May 14 and 15, 1996, in the New York Bight Apex. Water column profiles of 
temperature, chlorophyll fluorescence, scattering, beam transmittance, upwelling 
radiance, and downwelling irradiance were made at 10 stations around the Ambrose 
Light Tower and across the Hudson River plume. The measurements revealed that 
coastal waters influenced by rivers have complex optical properties. The Hudson River 
plume could be identified by higher attenuation and absorption of light. The plume could 
be seen in reflectance difference images constructed using bands 1 and 2 of the Advanced 
Very High Resolution Radiometer.



f

IV



Table of Contents
I. Introduction..............................................................................................................................1

II. Objectives................................................................................................................................1

III. Methods.................................................................................................................................. 1

A. Sampling Locations....................................................................  2
B. Sampling Platform.................................................................................................... 3
C. Sample Collection Methods Summary..................................................................... 3
D. Sampling Gear.......................................................................................................... 5
E. Bottle Samples.......................................................................................................... 7
F. Optical Data Processing............................................................................................ 8
G. Along-Track Measurements..................................................................................... 8

IV. Results..................................................................................................................................... 9

A. Bottle Samples......................................................................................................... 9
B. Optical Data............................................................................................................ 10
C. Along-Track Data................................................................................................... 11
D. AVHRR-Derived Data............................................................................................11

V. Summary................................................................................................................................14

VI. References............................................................................................................................15

VII. Metadata.............................................................................................................................16

A. Core Documentation...............................................................................................16
B. Citation Information................................................................................................18
C. Data Quality............................................................................................................18
D. Metadata Reference Information........................................................................... 20

VIII. Appendix A - Water Column Profile Data Figures.................................................21

IX. Appendix B - Sub-Surface Light Field Estimation Statistics................................ 23

X. Appendix C - Example Profile Header Information....................................................29

XI. Appendix D - Calibration Certificates ,33



List of Figures

Figure 1. Station Locations and Cruise Track for Along-Track Sampling.......................... 2
Figure 2. Position of Instruments on the PRR Cage (Figure adapted from BSI manual) ..6
Figure 3. Cabling Diagram for the PRR Cage (Figure adapted from BSI manual)............ 7
Figure 4. Particulate Absorption................................................................................................ 9
Figure 5. Dissolved Organic Matter Absorption.................................................................... 10
Figure 6. Along-Track Absorption, Attenuation, Temperature, and Salinity.................... 12
Figure 7. Reflectance Difference Image Calculated Using Bands 1 and 2 of the AVHRR

on Board NOAA14 for May 14, 1996........................................................................13
Figure 8. Reflectance Difference Image Calculated Using Bands 1 and 2 of the AVHRR

on Board NOAA14forMay 15, 1996........................................................................14

List of Tables

Table 1. Station Notes Indicating Date, Time, Location, Sky Conditions.......................... 3
Table 2. Sampling Details......................................................................................................... 4
Table 3. Center Wavelengths for the PRR System................................................................ 5
Table 4. Surface Chlorophyll Concentration........................................................................ 10
Table 5. AVHRR-Derived Percent Red Reflectance (%Rd), KPAR, C660 and

Corresponding In-situ Values.......................................................................................13

Acknowledgments

We thank Rodney Riley and Ed Kearns, Computer Sciences Corporation - National Data 
Buoy Center Technical Services Contractors, for assistance in the field work. We also 
acknowledge assistance provided by the master and crew of HSV Osprey, New York City 
Department of Environmental Conservation. The chlorophyll and absorption sample 
analyses were performed by David and Douglas Phinney, Jeff Brown, and Sara 
Woodman, Bigelow Laboratory for Ocean Sciences, West Boothbay Harbor, Maine.

Data Usage Constraints
Users of this data are required to provide appropriate attribution in the form of co
authorship for any publications that use this data, unless formal permission to do 
otherwise is granted by NOAA/CSC.

VI



I. Introduction

The coastline along the New York Bight is home to more than 20 million people. Green 
tides, red tides, and other phytoplankton blooms are recurrent features throughout the 
New York Bight, particularly off the New Jersey coast (Ohla, 1990). The economic 
impact of these phytoplankton blooms is difficult to quantify, but harmful algal blooms in 
this region have led to beach closures and fish kills due to hypoxia. Hypoxia events in 
the New York Bight Apex, especially in the Christiaensen Basin have been identified as 
major concerns to the health and management of this ecosystem (Swanson et cil., 1991). 
These phytoplankton blooms could be caused by nutrient enrichment due to either 
anthropogenic activity or as a response to natural events such as coastal upwelling, or the 
blooms may result as a combination of both. The exact frequency, location, and causes 
of these events are poorly understood. Ocean color satellites are ideal instruments for 
routine monitoring of phytoplankton biomass and primary production because they cover 
large areas synoptically and at regular intervals. However, determining chlorophyll 
biomass from ocean color satellite data has had very limited success in "case II" waters 
such as the New York Bight that have high concentrations of colored dissolved organic 
material (CDOM) and suspended solids.

The optical variability of the waters in the New York Bight Apex is not well known. The 
Hudson River, a major source of freshwater to the coastal ocean of the northeastern 
United States flows into the New York Bight Apex. It is anticipated that this freshwater 
plume has optical properties quite different from the surrounding oceanic continental 
shelf waters. The goal of this cruise was to characterize the optical properties of the 
plume and surrounding waters for development of satellite ocean color algorithms and 
their validation.

II. Objectives

The primary objective of this cruise was to collect bio-optical data to support regional 
case II algorithm development. A secondary objective was to validate Advanced Very 
High Resolution Radiometer (AVHRR)-derived products such as the diffuse attenuation 
coefficient of photosynthetically available radiation (Kpar) and the beam attenuation 
coefficient (C66o)-

III. Methods

A description of the sample collection methods and of instruments used is detailed in the 
following sections.



A. Sampling Locations

Figure 1. Station Locations and Cruise Track for Along-Track Sampling

Stations occupied on May 14 are indicated by “X” and stations occupied on May 15 are indicated by “A”. 
“ATI” and “AT2” refer to the sections in which surface along-track measurements were taken.

Five stations were occupied on May 14 and five stations on May 15, 1996 (Table 1,



Figure 1), to make vertical profile measurements. Surface water samples were acquired 
at all stations for chlorophyll and absorption analyses. An along-track system was used 
to map the surface optical properties along the cruise track on May 15.

B. Sampling Platform
The HSV Osprey, belonging to the New York City Department of Environmental 
Conservation, was used for this cruise. The HSV Osprey is a 17-meter (m) aluminum 
hull twin engine diesel craft specially designed for water quality sampling in the New 
York Harbor.

Date Station Lat Lat Latitude Long Long Longitude Time Time Total Sky

5/14/96 1A
Deg

40
Min
29.90 40.498

Deg
-74

Min
3.15 -74.053

On
15:20

Off
15:30

Depth
6.7 m

Conditions
clear

5/14/96 2 40 26.71 40.445 -73 56.62 -73.944 14:26 14:40 11.0 m clear
5/14/96 3 40 27.02 40.450 -73 55.00 -73.917 13:55 14:15 16.2 m clear
5/14/96 4 40 27.40 40.457 -73 50.10 -73.835 12:30 12:40 25.6 m clear
5/14/96 5 40 27.61 40.460 -73 49.38 -73.823 11:21 12:28 24.4 m clear
5/15/96 IB 40 30.31 40.505 -74 2.82 -74.047 9:40 10:00 6.7 m high thin 

clouds
5/15/96 6 40 29.59 40.493 -73 53.90 -73.898 10:45 11:05 10.7 m clear
5/15/96 7 40 27.62 40.460 -73 49.79 -73.830 11:25 11:45 21.3 m clear
5/15/96 8 40 27.44 40.457 -73 50.01 -73.834 11:55 12:15 24.4 m clear
5/15/96 9 40 29.72 40.495 -73 50.94 -73.849 12:40 12:55 16.5 m clear
5/15/96 10 40 31.77 40.530 -73 52.25 -73.871 13:00 13:20 11.6 m clear

Table 1. Station Notes Indicating Date, Time, Location, Sky Conditions

Lat Deg, Lat Min, Long Deg, and Long Min refer to the station position in degrees and minutes, Latitude and Longitude 
refer to the station position in decimal degrees. Total depth is the water depth at station.

C. Sample Collection Methods Summary
The Profiling Reflectance Radiometer (PRR) cage, described below, was deployed using 
a davit off the stern of the boat, to measure in-situ spectral downwelling irradiance, 
spectral upwelling radiance, temperature, chlorophyll fluorescence, light scattering, 
quantum scalar irradiance, and beam attenuation. An along-track system was used to 
measure the position (latitude, longitude), time, course and speed of the vessel, 
temperature, salinity, spectral absorption, and spectral attenuation. The along-track 
system used water pumped through a deck hose by a bilge pump from an intake located 
about a meter below the sea surface. In-situ temperature, salinity, and density were also 
measured at some stations with a Conductivity-Temperature-Depth (CTD) instrument.
Water samples for chlorophyll biomass, particulate, and dissolved absorption, were 
obtained from just below the sea surface using a Niskin bottle. The parameters measured 
are summarized in Table 2.
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D. Sampling Gear
The PRR cage (Figures 2 and 3) contained a split PRR600s (Serial No. 9643) that 
measured seven channels of downwelling irradiance, seven channels of upwelling 
radiance, depth, tilt, roll, and temperature. A reference surface unit (PRR610 Serial No. 
9644) that measured seven matched channels of surface downwelling irradiance on deck 
was also used. Channels 1 to 6 were narrow band (10-nanometer [nm] full width half 
maximum [FWHM]) centered at the indicated wavelengths, while channel 7 on the 
downwelling sensor and PRR610 measured broad band Photosynthetically Available 
Radiation (PAR) (400 to 700 nm).

Channel
No.
1

PRR600s Downwelling 
Light Sensor
380 nm

PRR600s Upwelling 
Light Sensor
380 nm

PRR610

380 nm
2 412 nm 412 nm 412 nm
3 443 nm 443 nm 443 nm
4 490 nm 490 nm 490 nm
5 510 nm 510 nm 510 nm
6 555 nm 555 nm 555 nm
7 PAR 683 nm PAR

Table 3. Center Wavelengths for the PRR System

The cage also contained a 10-centimeter (cm) pathlength, 660 nm Light Emitting Diode 
(LED) based SeaTech transmissometer (Serial No. 664), a Biospherical Instruments 
Quantum Scalar Profiling sensor (QSP200, Serial No. 4443), a SeaTech light scattering 
sensor (LSS, Serial No. 281), and a WETLabs Wetstar chlorophyll fluorometer (Serial 
No. Ws3-088). Water was drawn through the fluorometer using a SeaBird pump (Serial 
No. 051363) running at 2,000 revolutions per minute. The data from all these 
instruments were multiplexed through the PRR600s such that each record contained a 
depth and parameters from every instrument. Figure 2 shows the cabling diagram for 
these instruments. The calibration history for all these instruments is given in Appendix 
D.

5



Figure 2. Position of Instruments on the PRR Cage (Figure adapted from BSI 
manual).
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E. Bottle Samples
Discrete water samples were collected at the same time as the PRR cast, from just below 
the sea surface using a Niskin bottle. Sample volumes indicated in Table 4 were filtered 
through glass fiber (GF/F) filters for particulate and CDOM absorption, and for 
chlorophyll biomass determinations. The particulate and CDOM spectral absorption 
were measured using a Bausch and Lomb dual beam spectrophotometer between 350 and 
750 nm at 1.6 nm resolution following the method of Yentsch and Phinney (1989) and 
Phinney and Yentsch (1991), respectively. Particulate absorption was calculated as:

r2
aP(m~1) = 2.3 * ODs * (—

n 
—) * 100 v V

where ap is the particulate absorption (m'1), ODs is the P corrected optical density in 
suspension, nr is the area of particles on the filter pad and V is the volume filtered in 
milliliters (mL). The chlorophyll a samples were cold extracted in 10 mL of 85 percent 
acetone for 24 hours in the dark and the biomass was determined fluorimetrically with a 
Turner Designs 111 fluorometer using the method of Yentsch and Menzel (1963).

7



F. Optical Data Processing
The PRR data was processed using the Bermuda Bio-Optics Project (BBOP) processing 
software (Siegel et al. 1995). A least common denominator (LCD) file was created from 
the binary data files, the cast card files, the calibration files, and cruise notes. The LCD 
file header contains the metadata for the cast and includes information on the parameters 
sampled, parameters derived, filters used, and the statistical results of the regression used 
to extrapolate light to the sub-surface. An example header is presented in Appendix C. 
The pressure channel data was recalculated using an offset to adjust for the distance of 
the pressure sensor from the cosine collector. The tops and bottoms of the individual 
profiles were marked using an interactive Matlab® script and the corresponding record 
numbers were inserted into the LCD header section. Data less than the dark threshold 
was replaced by -9.9xl035. Then the data was quality controlled using flags for data with 
tilt and roll angles greater than 10° (flag value greater than 0 in the “aq- ITilt-1 Roll” 
field), and records where the surface incident irradiance was not uniform (flag value 
greater than 0 in the “kq-led412” field). The temperature, transmissometer, and 
fluorometer data were despiked, in two passes, with a difference threshold. A moving 
average was calculated for these channels. The data were separated into upcast and 
downcast profiles and then binned to 0.5-m bins. Spectral attenuation coefficients were 
calculated for the optical channels over a five point moving window. Subsurface 
downwelling irradiance and upwelling radiance were extrapolated to just below the 
surface using data from the top 3 meters. The statistics for calculation of subsurface 
irradiance and radiance are shown in Appendix B.

G. AIong-Track Measurements
Water from about 1 meter below the sea surface was pumped through a hose with a Y 
connector using a bilge pump at about 10 gallons a minute. One hose from the Y 
connector was attached to a WETLabs AC-9 (Serial No. AC90169). The AC-9 was used 
to measure absorption and beam attenuation at 412, 440, 488, 510, 532, 555, 650, 676, 
and 715 nm. The filters were narrow band with 10 nm FWHM. The calibration sheet for 
this instrument can be found in Appendix D. A computer running the WETView 
software was used to log data at 6 Hertz (Hz) from the AC-9 and each measurement was 
time stamped. Because the same computer was used to acquire data from the PRR cage, 
the AC-9 was used only while underway between stations. The AC-9 was strapped 
inside a bucket and the overflow from this instrument into the bucket was used to 
maintain it at ambient sea water temperature. Another hose from the Y connector was 
used to fill a bucket in which a Hydrolab Datasonde 3 Multiprobe logger was immersed. 
The Datasonde was used to measure temperature, specific conductivity, and salinity.
This instrument had an internal data logger with a clock that time stamped each 
measurement and was set to sample every two minutes. A computer equipped with a 
Socket Communications PCMCIA card using Trimble Navigation’s Global Positioning 
System (GPS) was used to log time, latitude, longitude, speed, and course of vessel. The 
clocks on the various computers were synchronized to GPS time and the time stamp on 
each measurement was used to merge the GPS location with the parameters measured.



IV. Results
The measurements shown here are from extremely complex waters influenced by strong 
tidal currents and river discharge. The in-situ profile data (Figures A1-A25, Appendix A) 
reveal that there are at least three types of waters that interact with each other at the New 
York Bight Apex. The Hudson River plume forms a shallow near surface layer that is 
highly attenuating and rich in phytoplankton (stations 2, 3, 4, 7, 8, and 9). The 
continental shelf water underlying the plume and north of the plume (station 10) is much 
less attenuating. The New York Harbor water seems to have a high scattering 
component, but less phytoplankton biomass (stations la, lb, and 6).

A. Bottle Samples
The surface chlorophyll concentration measured at the various station are shown in Table 
4. Particulate absorption measurements are shown in Figure 4 and the dissolved organic 
matter absorption measurements are shown in Figure 5. Although these absorption 
measurements were not taken on the same day as the along-track measurements (Figure 
6) with the AC-9, the results are comparable (1.25 m'1 at 412 nm, outside the plume, to 
4.5 nV1 at 412 nm, just inside the plume).

Particulate Absorption

350 400 450 500 550 600 650 700 750
Wavelength (nm)

♦ Station 1 B m Station 6 Station 7 x Station 9 x Station 10 o Station 1 A •+• Station 2 -Station 3

Figure 4. Particulate Absorption
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Date Station Latitude Longitude ChlVolFil ChlVolExt Chl(ig/1
5/14/96 1A 40.4983 -74.0525 250 10 2.965
5/14/96 2 40.4452 -73.9437 250 10 17.435
5/14/96 3 40.4503 -73.9167 250 10 21.953
5/14/96 4 40.4567 -73.8350 250 10 15.482
5/14/96 5 40.4602 -73.8230 250 10 14.871
5/15/96 IB 40.5051 -74.0470 100 10 8.529
5/15/96 6 40.4932 -73.8983 250 10 8.047
5/15/96 7 40.4603 -73.8298 250 10 11.294
5/15/96 9 40.4954 -73.8490 250 10 3.576
5/15/96 10 40.5295 -73.8708 250 10 1.212

Table 4. Surface Chlorophyll Concentration

B. Optical Data
It is obvious that the shallow overlying plume severely complicated the interpretation of 
the measurements in these waters. Dissolved organic matter absorbed light at 380 and 
412 nm to an extent that at many stations, there was no measurable upwelling radiance at 
these wavelengths (stations la, lb, 2, 3, 4, 5, and 6). Valid estimations of the subsurface 
light field was difficult at the plume-influenced stations. The highly attenuating shallow 
surface plume often caused an over estimation of the sub-surface light field (stations 4 
downcast, and 3 downcast). The upcasts at these stations seem more reasonable. The 
other peculiar phenomenon seen at some of the deeper plume-influenced stations was the 
convergence of the spectral attenuation coefficients at 490, 510, and 555 nm. It is 
possible that the attenuating components of the continental shelf water compensated for 
the difference in attenuation at these wavelengths due to the absorption of water, but this



requires further exploration. Swift tidal currents and vessel traffic in the region affected 
the maneuverability of the boat. The boat drifted on top of the PRR cage at two stations 
(station 5 and station lb) and this can be seen in the much reduced estimated sub-surface 
downwelling irradiance compared to the surface reference downwelling irradiance 
(Figures A.2a, A. 1 la and A. 12a). The sub-surface radiance calculated at these stations 
are not valid.

C. Along-Track Data
The surface absorption and attenuation measurements were well correlated with surface 
temperature and salinity, demonstrating that the freshwater plume had distinct optical 
properties (Figure 6). Track AT2 (13:53 to 14:25) showed the sharp increase in 
absorption and attenuation as the boat steamed from a station dominated by continental 
shelf water, up the Hudson River. The core of the plume can be identified by the higher 
absorption, attenuation, temperature, and lower salinity (after 13:53 in Figure 6). The 
continental shelf water in contrast can be seen as lower attenuation, absorption, 
temperature, and higher salinity (13:21 to 13:35 in Figure 6).

D. AVHRR-Derived Data
Percent red reflectance, KPAr, and C66o were derived from an AVHRR satellite image for 
each day of the cruise using methods described by Stumpf (1992) and Gould and Arnone 
(Submitted) respectively. These values were compared to the in-situ measurements of 
Kpar and C660 (Table 5). The satellite-derived values were not calculated for stations IB 
and 6 because these pixels were covered by clouds. The C660 images (Figures 7 and 8) do 
not map the entire extent of the Hudson River plume; they show only the most turbid 
waters. The extension of the highly turbid waters to the Ambrose Light Tower occurred 
on only eight days of the 12 clear AVHRR images for the month of May 1996. This 
behavior of the plume front is consistent with other observations (Bowman, 1978) - that 
the direction and extent of the plume was influenced by local wind stress, prevailing shelf 
currents, tides, and the rate of discharge. The plume has been described as being very 
dynamic, reversing itself in less than six hours due to changes in local wind stress 
(Bowman, 1978).

11



Along-Track Measurements 
May 15,1996

• Time vs a412
o Time vs a440
▼ Time vs a488
V Time vs a510
■ Time vs a532
□ Time vs a555
♦ Time vs a650
o Time vs a676
▲ Time vs a715

• Time vs C412
o Time vs c440
▼ Time vs c488
V Time vs c510
■ Time vs c532
□ Time vs c555
♦ Time vs c650
o Time vs c676
A Time vs c715

Figure 6. Along-Track Absorption, Attenuation, Temperature, and Salinity
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Station RD DN %Rd Satellite Satellite In situ In situ

1A 42 2.10
KpAR
2.625

C660
7.259

KpAR C(,60
7.1310

2 17 0.85 0.950 2.275 3.6581
3 30 1.50 1.725 4.525 3.8259
4 22 1.10 1.250 3.125 2.8836
5 19 0.95 1.075 2.600 3.9157
IB 4.5049
6 3.5687
7 11 0.55 0.598 1.302 2.4538
8 13 0.65 0.714 1.614 2.2598
9 7 0.35 0.374 0.730 2.4851
10 1 0.05 0.052 0.060 0.7505

Table 5. AVHRR-Derived Percent Red Reflectance (%Rd), KPAR, C660 and 
Corresponding In-situ Values

Figure 7. Reflectance Difference Image Calculated Using Bands 1 and 
2 of the AVHRR on Board NOAA14 for May 14,1996

13



Figure 8. Reflectance Difference Image Calculated Using Bands 1 and 
2 of the AVHRR on Board NOAA14 for May 15,1996

The turbid water associated with the Hudson River plume has a higher reflectance 
difference, seen as the lighter gray pixels emerging from the Harbor mouth, towards the 
Ambrose Light Tower. The location of the stations occupied is shown, as is the Ambrose 
Light Tower. ATI and AT2 refer to the along-track surface absorption and attenuation 
measurements shown in Figure 6.

V. Summary

These results show that the Hudson River plume forms quite a sharp front that moves 
rapidly in the New York Bight Apex, past the Ambrose Light Tower. This suggests that 
local optical variability due to the Hudson River plume must be considered in any efforts 
to develop and validate case II bio-optical algorithms for this region. The optical 
variability provides the opportunity for fusing of data from different satellite sensors to 
examine problems such as sub-pixel variability.

14



VI. References
Bowman, M., 1978. Spreading and mixing of the Hudson River effluent into the New 
York Bight, Hydrodynamics of Estuaries and Fjords, J.C.J. Nihoul, 373-385, Elsevier 
Scientific Publishing Company, Amsterdam.

Gould, R.W. and R.A. Arnone. (Submitted) Estimating the beam attenuation coefficient 
in coastal waters from AVHRR imagery.

Ohla, J., 1990. Novel algal blooms: common underlying causes with particular reference 
to New York and New Jersey coastal waters. M.S. thesis, Marine Sciences Research 
Center, SUNY at Stony Brook, NY 11794-5000.

Phinney, D.A. and C.S. Yentsch, 1991. On the contribution of particles to blue light 
attenuation in the sea. Journal of Plankton Research. 13 Supplement, 143-152.

Siegel, D. A., M. C. O’Brien, J. C. Sorensen, D. A. Konnoff and E. Fields (1995). BBOP 
Data Processing and Sampling Procedures. Vol: 19, Institute for Computational Earth 
System Science, UC Santa Barbara, Santa Barbara, CA, 23 pp.

Stumpf, R.P. (1992). Remote sensing of water clarity and suspended sediments in coastal 
waters. First Thematic Conference on Remote Sensing for Marine and Coastal 
Environments, New Orleans, LA, 15-17 June, 1992.

Swanson, R.L., T.M. Bell, J. Kahn and J. Ohla, 1991. Use impairments and ecosystem 
impacts of the New York Bight. Chemistry and Ecology, 5, 99-127.

Yentsch, C.S. and D.W. Menzel, 1963. A method for determination of phytoplankton 
chlorophyll and phaeophytin by fluorescence. Deep Sea Research, 10, 221-231.

Yentsch, C.S. and D.A. Phinney, 1989. A bridge between ocean optics and microbial 
ecology. Limnology and Oceanography. 34: 1698-1709.

15
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VIII. Appendix A - Water Column Profile Data Figures

The following pages contain figures that show the in-situ water column profile data.
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Figure A.1b - Station 5 Downcast

4 Relative Light Scattering (Volts)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

• Temperature (°C)

0 2 4 6 8 10 12 14 16 18 20

0.0 0.2 0.4 0.6 0.8 1.0

♦ Relative Fluorescence (Volts)

Diffuse Attenuation Coefficient (kX)

o 
2 

4 

6 

8

10 

12 

14 

16 

18 

20
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

Diffuse Attenuation Coefficient

• ked380 
▼ ked412 
H ked443 
O ked490 
a ked510
• ked555



D
ep

th
 (m

) 
D

ep
th

 (m
)

Figure A.2a - Station 5 Upcast
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Figure A.2b - Station 5 Upcast
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Figure A.3a - Station 4 Downcast
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Figure A.3b - Station 4 Downcast
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Figure A.4a - Station 4 Upcast
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Figure A.4b - Station 4 Upcast
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Figure A.5a - Station 3 Downcast
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Figure A.5b - Station 3 Downcast
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Figure A.6a - Station 3 Upcast
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Figure A.6b - Station 3 Upcast
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Figure A.7a - Station 2 Downcast
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Figure A.7b - Station 2 Downcast
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Figure A.8a - Station 2 Upcast
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Figure A.8b - Station 2 Upcast
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Figure A.9a - Station 1 Downcast
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Figure A.9b - Station 1 Downcast
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Figure A.10a - Station 1 Upcast
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Figure A.10b - Station 1 Upcast
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Figure A.11a - Station 1B Downcast
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Figure A.11b - Station 1B Downcast
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Figure A.12a - Station 1B Upcast
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Figure A.12b - Station 1B Upcast
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Figure A.13a - Station 6 Downcast
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Figure A.13b - Station 6 Downcast
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Figure A.14a - Station 6 Upcast
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Figure A.14b - Station 6 Upcast
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Figure A.15a - Station 7 Downcast
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Figure A.15b - Station 7 Downcast
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Figure A.16a - Station 7 Upcast
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Figure A.16b - Station 7 Upcast
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Figure A.17a - Station 8 Downcast
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Figure A.17b - Station 8 Downcast
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Figure 18a - Station 8 Upcast
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Figure A.18b - Station 8 Upcast
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Figure A.19a - Station 9 Downcast
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Figure A.19b - Station 9 Downcast
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Figure A.20a - Station 9 Upcast
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Figure A.20b Station 9 Upcast
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Figure A.21a - Station 10 Downcast
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Figure A.21b - Station 10 Downcast
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Figure A.22a - Station 10 Upcast
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Figure A.22b - Station 10 Upcast
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Figure A.23 - CTD - Station 7 
May 15, 1996
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Figure A.24 - CTD - Station 9 
May 15,1996
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Figure A.25 - CTD - Station 10 
May 15,1996
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IX. Appendix B - Sub-Surface Light Field Estimation Statistics

The following pages contain tables with the statistics for calculation of the sub-surface 
light field. The column “channel” refers to the optical channel, “min depth” and “max 
depth” are the minimum and maximum depths used in the calculation, and “n points” is 
the number of points used in the calculation. “bO” is the intercept of the regression - the 
estimated sub-surface light (irradiance and radiance), “bl” is the slope of the regression - 
the estimated attenuation coefficient. The columns “min”, “max”, and “mean” refer to 
the minimum, maximum and mean irradiance or radiance values used in the calculation. 
The columns “std dev”, “var”, “uncertainty”, and “abdev” refer to the estimates of the 
intercept.

channel min max n bO bl min max mean std dev var uncertainty abdev
depth depth points

5 Downcast
ed380 0.5 6 6 31.9801 0.09 0.02 10.19 0.31 10.16 215.65 1.51 0.09
ed412 0.5 3 6 74.7320 0.14 0.13 25.58 1.64 6.57 34.66 1.23 0.05
ed443 0.5 3 6 92.6655 0.21 0.67 40.05 4.55 4.36 8.72 1.19 0.03
ed490 0.5 3 6 115.0751 0.33 3.44 63.34 13.53 2.85 3.00 1.11 0.02
ed510 0.5 3 6 119.4230 0.38 5.73 71.25 18.74 2.48 2.27 1.08 0.02
ed555 0.5 3 6 127.2310 0.50 14.14 87.57 33.79 1.93 1.54 1.04 0.01
lu380 0.5 3
lu412 0.5 3
lu443 0.5 3 6 0.1778 0.22 0.00 0.08 0.01 4.36 8.74 1.24 0.04
lu490 0.5 3 6 0.4169 0.34 0.01 0.23 0.05 2.81 2.91 1.14 0.03
lu510 0.5 3 6 0.5334 0.39 0.03 0.32 0.09 2.45 2.23 1.11 0.02
lu555 0.5 3 6 0.9389 0.50 0.10 0.64 0.25 1.96 1.57 1.07 0.02
lu683 0.5 3 6 0.3617 0.36 0.01 0.21 0.05 2.68 2.65 1.08 0.02
4 Upcast
ed380 0.5 6 6 15.5313 0.07 0.00 2.03 0.08 10.78 284.98 1.68 0.12
ed412 0.5 3 6 78.3556 0.10 0.02 10.31 0.65 9.53 160.92 1.90 0.12
ed443 0.5 3 6 113.3116 0.17 0.30 23.49 2.99 5.20 15.17 1.23 0.05
ed490 0.5 3 6 138.6259 0.28 2.09 45.06 10.51 3.20 3.87 1.15 0.03
ed510 0.5 3 6 140.8529 0.33 3.55 52.49 14.60 2.78 2.84 1.12 0.02
ed555 0.5 3 6 131.7043 0.44 9.08 66.31 25.30 2.13 1.77 1.04 0.01
lu380 0.5 3
lu412 0.5 3
Iu443 0.5 3 4 0.3451 0.14 0.00 0.06 0.02 3.22 3.92 1.73 0.05
Iu490 0.5 3 6 0.8265 0.23 0.01 0.21 0.04 3.80 5.94 1.30 0.05
lu5 10 0.5 3 6 0.9619 0.27 0.01 0.28 0.07 3.29 4.12 1.26 0.05
lu555 0.5 3 6 1.1981 0.38 0.05 0.51 0.17 2.41 2.17 1.13 0.03
lu683 0.5 3 6 0.4230 0.30 0.01 0.13 0.04 3.01 3.37 1.34 0.07

23



channel min
depth

max 
depth 

n
points

bO bl min max mean std dev var uncertainty abdev

3 Upcast
ed380 0.5 6 3 23.6508 0.02 0.03 2.98 0.22 10.64 267.77 5.85 0.13
ed412 0.5 3 4 60.6750 0.06 0.09 12.41 0.88 7.99 75.09 1.30 0.04
ed443 0.5 3 6 83.7598 0.12 0.08 25.64 1.19 8.22 84.65 1.08 0.02
ed490 0.5 3 6 109.9955 0.22 0.76 46.24 5.44 4.45 9.27 1.07 0.02
ed510 0.5 3 6 119.3484 0.26 1.46 54.08 8.31 3.72 5.61 1.08 0.02
ed555 0.5 3 6 124.6230 0.37 4.67 68.30 17.01 2.66 2.60 1.07 0.02
lu380 0.5 3
Iu412 0.5 3
lu443 0.5 3 3 0.3193 0.08 0.00 0.08 0.01 4.91 12.61 2.09 0.05
lu490 0.5 3 6 0.6214 0.18 0.00 0.26 0.02 5.32 16.31 1.15 0.03
lu510 0.5 3 6 0.8068 0.22 0.01 0.36 0.04 4.41 9.07 1.13 0.03
lu555 0.5 3 6 1.2261 0.32 0.03 0.66 0.13 3.00 3.35 1.08 0.01
Iu683 0.5 3 6 0.5694 0.23 0.01 0.26 0.03 4.12 7.43 1.07 0.02
2 Downcast
ed380 0.5 6 6 22.5491 0.08 0.01 8.91 0.16 13.89 1017.16 1.69 0.12
ed412 0.5 3 6 87.4408 0.09 0.03 22.82 0.73 11.86 452.43 1.45 0.10
ed443 0.5 3 6 103.9653 0.14 0.20 36.27 2.38 6.80 39.50 1.15 0.04
ed490 0.5 3 6 126.1298 0.25 1.43 56.62 8.33 3.91 6.40 1.15 0.03
ed510 0.5 3 6 129.5520 0.30 2.59 62.38 12.11 3.24 4.00 1.17 0.04
ed555 0.5 3 6 133.1862 0.42 8.05 77.16 24.37 2.31 2.01 1.16 0.03
lu380 0.5 3
lu412 0.5 3
lu443 0.5 3 4 0.2534 0.12 0.00 0.09 0.01 4.62 10.39 1.09 0.01
lu490 0.5 3 6 0.4758 0.23 0.01 0.23 0.03 4.09 7.28 1.19 0.03
lu510 0.5 3 6 0.5969 0.28 0.01 0.32 0.05 3.47 4.70 1.10 0.02
lu555 0.5 3 6 0.9923 0.41 0.06 0.63 0.17 2.46 2.25 1.05 0.01
lu683 0.5 3 6 0.4721 0.27 0.01 0.22 0.04 3.58 5.10 1.18 0.04
2 Upcast
ed380 0.5 6 6 16.6552 0.08 0.01 5.67 0.12 11.77 435.71 1.92 0.17
ed412 0.5 3 6 70.3623 0.08 0.02 16.30 0.53 11.45 381.39 1.54 0.08
ed443 0.5 3 6 79.8769 0.14 0.17 27.85 1.82 6.49 33.05 1.12 0.03
ed490 0.5 3 6 101.5760 0.25 1.26 48.08 6.92 3.81 5.97 1.07 0.02
ed510 0.5 3 6 108.2007 0.30 2.35 56.50 10.49 3.21 3.91 1.07 0.02
ed555 0.5 3 6 115.4721 0.42 7.48 72.32 22.08 2.30 2.00 1.07 0.01
lu380 0.5 3
lu412 0.5 3
lu443 0.5 3 4 0.1491 0.13 0.00 0.05 0.01 4.32 8.49 1.06 0.01
lu490 0.5 3 6 0.3180 0.26 0.00 0.15 0.02 3.65 5.35 1.16 0.04
Iu510 0.5 3 6 0.4106 0.30 0.01 0.22 0.04 3.14 3.70 1.10 0.02
lu555 0.5 3 6 0.7351 0.43 0.05 0.47 0.14 2.28 1.97 1.06 0.01
lu683 0.5 3 6 0.3182 0.28 0.01 0.16 0.03 3.42 4.54 1.16 0.03

24



channel min max n bO bl min max mean std dev var uncertainty abdev
depth depth points

1A Downcast
ed380 0.5 6 3 8.8885 0.01 0.00 0.76 0.03 19.18 6161.13 1714.74 0.53
ed412 0.5 3 2 84.3262 0.00 0.08 3.69 0.54 14.97 1514.40 inf 0.00
ed443 0.5 3 5 55.9098 0.04 0.01 9.18 0.20 14.90 1478.97 1.73 0.10
ed490 0.5 3 6 54.3123 0.12 0.06 19.49 0.79 8.45 94.98 1.29 0.06
ed510 0.5 3 6 59.2461 0.15 0.13 23.28 1.37 6.67 36.54 1.21 0.04
ed555 0.5 3 6 71.2806 0.22 0.52 32.28 3.36 4.58 10.16 1.12 0.03
lu380 0.5 3
lu412 0.5 3
Iu443 0.5 3 2 0.2596 0.02 0.00 0.03 0.01 6.11 26.54 inf 0.00
lu490 0.5 3 4 0.4854 0.10 0.00 0.13 0.02 5.53 18.59 1.58 0.05
lu510 0.5 3 6 0.4200 0.16 0.00 0.20 0.01 6.37 30.84 1.46 0.09
lu555 0.5 3 6 0.7518 0.23 0.01 0.39 0.04 4.48 9.45 1.28 0.06
lu683 0.5 3 6 0.5855 0.20 0.00 0.26 0.02 5.06 13.86 1.22 0.05
1A Upcast
ed380 0.5 6 3 1.7048 0.04 0.01 0.30 0.02 9.43 153.62 784.25 0.48
ed412 0.5 3
ed443 0.5 3 5 73.0868 0.02 0.00 6.70 0.10 24.64 28766.50 1.86 0.12
ed490 0.5 3 6 60.8590 0.08 0.03 15.86 0.47 11.03 317.91 1.80 0.12
ed510 0.5 3 6 69.3541 0.11 0.07 20.67 0.87 8.69 107.11 1.69 0.10
ed555 0.5 3 6 78.6495 0.16 0.30 29.51 2.26 5.73 21.04 1.59 0.09
lu380 0.5 3
lu412 0.5 3
lu443 0.5 3
Iu490 0.5 3 4 0.3489 0.12 0.00 0.11 0.02 4.88 12.30 1.13 0.02
Iu510 0.5 3 5 0.4706 0.15 0.00 0.17 0.02 5.15 14.71 1.10 0.02
lu555 0.5 3 6 0.8317 0.22 0.01 0.37 0.04 4.38 8.86 1.21 0.04
lu683 0.5 3 6 0.5960 0.20 0.00 0.25 0.02 4.91 12.62 1.21 0.04
6 Downcast
ed380 0.5 6 6 13.0363 0.07 0.00 8.13 0.07 19.22 6240.48 5.69 0.39
ed412 0.5 3 5 119.3507 0.06 0.04 21.34 0.92 10.84 292.98 1.75 0.10
ed443 0.5 3 6 121.7009 0.14 0.19 34.89 2.13 7.07 45.78 1.48 0.09
ed490 0.5 3 6 129.8997 0.25 1.43 54.60 8.02 3.96 6.66 1.21 0.05
ed510 0.5 3 6 118.2897 0.31 2.58 57.32 11.50 3.25 4.02 1.11 0.03
ed555 0.5 3 6 121.7557 0.43 7.23 69.99 22.11 2.38 2.12 1.09 0.02
lu380 0.5 3
lu412 0.5 3
lu443 0.5 3 4 0.3241 0.13 0.00 0.11 0.02 4.60 10.27 1.63 0.07
lu490 0.5 3 6 0.7014 0.24 0.01 0.31 0.04 4.23 8.02 1.18 0.04
lu510 0.5 3 6 0.8893 0.29 0.01 0.42 0:07 3.53 4.92 1.12 0.03
lu555 0.5 3 6 1.4041 0.39 0.06 0.78 0.21 2.61 2.51 1.06 0.01
lu683 0.5 3 6 0.5476 0.28 0.01 0.25 0.04 3.65 5.34 1.08 0.02

25



channel min max
depth depth

n
points

bO bl min max mean std dev var uncertainty abdev

6 Upcast 
ed380 0.5 6 4 21.3891 0.03 0.01 2.52 0.10 12.09 499.69 2.08 0.10
ed412 0.5 3 5 52.8681 0.07 0.03 10.81 0.50 9.62 167.92 1.26 0.04
ed443 0.5 3 6 73.6554 0.15 0.16 23.90 1.64 6.15 27.12 1.15 0.03
ed490 0.5 3 6 96.9252 0.26 1.32 44.06 6.76 3.56 5.00 1.13 0.03
ed510 0.5 3 6 98.2530 0.32 2.50 51.53 10.04 2.99 3.33 1.11 0.03
ed555 0.5 3 6 96.1126 0.44 6.85 63.61 18.87 2.24 1.91 1.12 0.02
Iu380 0.5 3
lu412 0.5 3
Iu443 0.5 3 4 0.1038 0.16 0.00 0.04 0.01 3.59 5.13 1.27 0.03
lu490 0.5 3 6 0.2456 0.31 0.01 0.12 0.02 3.14 3.71 1.20 0.04
Iu510 0.5 3 6 0.3097 0.37 0.01 0.17 0.04 2.64 2.56 1.23 0.04
Iu555 0.5 3 6 0.5328 0.50 0.05 0.35 0.13 1.97 1.59 1.19 0.04
Iu683 0.5 3 6 0.1454 0.41 0.01 0.09 0.02 2.45 2.22 1.32 0.06
7 Downcast
ed380 0.5 6 6 14.7059 0.20 0.09 9.12 0.61 5.48 18.07 1.96 0.15
ed412 0.5 3 6 45.7027 0.27 0.73 27.67 3.48 3.79 5.91 1.45 0.09
ed443 0.5 3 6 72.9203 0.35 2.62 48.09 9.14 2.92 3.15 1.33 0.07
ed490 0.5 3 6 99.9322 0.47 9.30 74.34 22.71 2.15 1.80 1.21 0.05
ed510 0.5 3 6 106.2137 0.51 13.08 80.50 28.61 1.96 1.57 1.16 0.04
ed555 0.5 3 6 116.6059 0.60 23.84 92.25 43.04 1.65 1.29 1.08 0.02
Iu380 0.5 3
lu412 0.5 3 2 0.1553 0.17 0.02 0.06 0.03 2.46 2.24 inf 0.00
lu443 0.5 3 6 0.2031 0.29 0.00 0.12 0.02 3.36 4.35 1.43 0.09
lu490 0.5 3 6 0.4384 0.42 0.03 0.31 0.08 2.35 2.07 1.31 0.07
Iu510 0.5 3 6 0.5601 0.45 0.05 0.41 0.12 2.17 1.82 1.27 0.06
lu555 0.5 3 6 0.9282 0.50 0.12 0.68 0.25 1.92 1.53 1.19 0.04
lu683 0.5 3 6 0.3799 0.34 0.01 0.21 0.05 2.75 2.78 1.12 0.02
7 Upcast
ed380 0.5 6 6 17.0709 0.15 0.04 8.08 0.44 6.89 41.58 1.54 0.11
ed412 0.5 3 6 54.9031 0.20 0.35 23.71 2.48 4.81 11.82 1.13 0.02
ed443 0.5 3 6 77.5145 0.28 1.34 40.10 6.69 3.55 4.99 1.07 0.02
ed490 0.5 3 6 100.8060 0.41 5.56 62.98 17.76 2.48 2.28 1.07 0.02
ed510 0.5 3 6 110.3056 0.45 8.35 72.56 23.45 2.24 1.91 1.05 0.01
ed555 0.5 3 6 122.0804 0.54 16.91 88.57 37.12 1.84 1.45 1.03 0.01
Iu380 0.5 3
lu412 0.5 3
lu443 0.5 3 6 0.2116 0.24 0.00 0.11 0.01 4.11 7.35 1.33 0.07
Iu490 0.5 3 6 0.4628 0.36 0.02 0.30 0.07 2.74 2.76 1.24 0.05
lu510 0.5 3 6 0.5820 0.40 0.03 0.39 0.10 2.47 2.27 1.20 0.05
Iu555 0.5 3 6 0.9517 0.47 0.09 0.66 0.22 2.11 1.74 1.11 0.02
Iu683 0.5 3 6 0.4363 0.31 0.01 0.20 0.04 3.14 3.71 1.24 0.05
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channel min max n bO bl min max mean std dev var uncertainty abdev
depth depth points

8 Downcast
ed380 0.5 6 6 35.8297 0.11 0.02 12.12 0.39 11.00 314.56 1.57 0.11
ed412 0.5 3 6 99.5963 0.16 0.19 30.95 2.53 6.52 33.53 1.42 0.08
ed443 0.5 3 6 123.1292 0.25 1.08 49.38 7.63 4.09 7.26 1.33 0.07
ed490 0.5 3 6 145.3355 0.37 4.87 72.51 19.74 2.71 2.71 1.28 0.06
ed510 0.5 3 6 144.5218 0.42 7.30 81.85 25.17 2.43 2.21 1.18 0.04
ed555 0.5 3 6 144.6441 0.51 14.81 96.34 38.51 1.98 1.60 1.13 0.03
lu380 0.5 3
lu412 0.5 3 2 0.1671 0.20 0.02 0.07 0.04 2.21 1.87 inf 0.00
Iu443 0.5 3 6 0.4060 0.23 0.00 0.17 0.02 4.58 10.12 1.30 0.06
Iu490 0.5 3 6 0.9127 0.33 0.02 0.42 0.10 2.99 3.33 1.32 0.06
Iu510 0.5 3 6 1.0957 0.38 0.04 0.55 0.15 2.64 2.57 1.29 0.05
Iu555 0.5 3 6 1.6089 0.46 0.12 0.92 0.35 2.14 1.78 1.23 0.05
lu683 0.5 3 6 0.4422 0.38 0.02 0.24 0.07 2.66 2.60 1.18 0.04
8 Upcast
ed380 0.5 6 6 15.91 0.10 0.01 6.77 0.17 11.29 356.30 1.99 0.18
ed412 0.5 3 6 54.36 0.15 0.09 19.50 1.16 7.14 47.67 1.24 0.04
ed443 0.5 3 6 74.55 0.23 0.58 34.46 3.89 4.51 9.68 1.20 0.04
ed490 0.5 3 6 94.61 0.34 2.82 52.64 10.93 2.96 3.26 1.17 0.03
ed510 0.5 3 6 92.23 0.40 4.44 55.87 14.46 2.58 2.46 1.15 0.03
ed555 0.5 3 6 94.63 0.49 9.39 64.55 22.90 2.07 1.70 1.15 0.03
Iu380 0.5 3
lu412 0.5 3 2 0.17 0.15 0.02 0.06 0.03 2.44 2.21 inf 0.00
lu443 0.5 3 6 0.39 0.20 0.00 0.15 0.02 5.12 14.40 1.16 0.03
lu490 0.5 3 6 0.85 0.31 0.02 0.41 0.08 3.27 4.08 1.17 0.03
lu510 0.5 3 6 1.03 0.35 0.03 0.54 0.13 2.86 3.01 1.15 0.03
Iu555 0.5 3 6 1.51 0.44 0.10 0.90 0.30 2.25 1.94 1.13 0.03
Iu683 0.5 3 6 0.43 0.37 0.01 0.24 0.06 2.82 2.92 1.18 0.04
9 Downcast
ed380 0.5 6 12 19.7078 0.18 0.00 15.59 0.06 17.02 3086.73 4.41 0.72
ed412 0.5 3 6 104.7150 0.17 0.31 37.55 3.09 5.98 24.48 1.28 0.07
ed443 0.5 3 6 135.5787 0.24 1.22 55.68 7.91 4.20 7.87 1.35 0.07
ed490 0.5 3 6 149.4834 0.36 5.23 77.22 19.84 2.76 2.81 1.30 0.06
ed510 0.5 3 6 143.5129 0.41 7.57 79.53 24.44 2.44 2.21 1.29 0.06
ed555 0.5 3 6 139.8076 0.52 16.00 89.25 37.94 1.92 1.54 1.24 0.05
lu380 0.5 3
lu412 0.5 3 2 0.2094 0.14 0.02 0.08 0.04 2.79 2.87 inf 0.00
lu443 0.5 3 6 0.3197 0.21 0.00 0.16 0.01 4.87 12.29 1.20 0.05
Iu490 0.5 3 6 0.5928 0.34 0.02 0.37 0.07 3.01 3.37 1.14 0.04
lu510 0.5 3 6 0.6898 0.39 0.03 0.45 0.11 2.64 2.57 1.12 0.03
Iu555 0.5 3 6 1.0344 0.50 0.11 0.75 0.26 2.05 1.67 1.06 0.02
lu683 0.5 3 6 0.4289 0.35 0.01 0.23 0.05 2.83 2.95 1.15 0.03
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channel min max n
depth depth points

bO bl min max mean std dev var uncertainty abdev

9 Upcast
ed380 0.5 6 11 1.5984 0.37 0.01 1.48 0.03 6.61 35.43 3.72 0.59
ed412 0.5 3 5 52.6376 0.18 0.18 7.03 1.09 4.40 9.00 1.32 0.04
ed443 0.5 3 5 95.6514 0.23 0.75 15.73 3.33 3.41 4.51 1.29 0.04
ed490 0.5 3 5 115.5263 0.35 3.59 33.78 10.71 2.47 2.26 1.15 0.02
ed510 0.5 3 5 127.6746 0.38 5.46 41.46 14.68 2.28 1.97 1.18 0.03
ed555 0.5 3 5 131.1176 0.49 12.08 56.47 25.76 1.87 1.48 1.17 0.03
Iu380 0.5 3
Iu412 0.5 3
lu443 0.5 3 5 0.1029 0.27 0.00 0.03 0.01 3.01 3.36 1.33 0.04
Iu490 0.5 3 5 0.2821 0.40 0.01 0.10 0.04 2.17 1.82 1.13 0.02
lu510 0.5 3 5 0.3638 0.45 0.03 0.15 0.06 1.99 1.60 1.09 0.01
Iu555 0.5 3 5 0.6967 0.53 0.09 0.34 0.17 1.69 1.32 1.07 0.01
Iu683 0.5 3 5 0.2909 0.36 0.01 0.09 0.03 2.37 2.11 1.13 0.01
10 Downcast
ed380 0.5 6 12 55.0671 0.43 0.30 31.34 3.12 4.56 9.98 1.15 0.07
ed412 0.5 3 6 97.1773 0.57 15.54 66.67 32.52 1.71 1.33 1.09 0.02
ed443 0.5 3 6 119.5759 0.68 31.69 92.13 55.74 1.48 1.17 1.10 0.02
ed490 0.5 3 6 140.4445 0.77 54.44 117.35 82.55 1.32 1.08 1.12 0.03
ed510 0.5 3 6 142.5764 0.78 57.38 120.69 86.14 1.30 1.07 1.15 0.03
ed555 0.5 3 6 139.5443 0.81 62.94 120.78 90.59 1.27 1.06 1.13 0.02
lu380 0.5 3 5 0.1191 0.45 0.01 0.07 0.03 1.94 1.55 1.09 0.02
lu412 0.5 3 6 0.2905 0.57 0.05 0.21 0.10 1.78 1.39 1.10 0.02
Iu443 0.5 3 6 0.5315 0.65 0.13 0.40 0.22 1.56 1.22 1.07 0.01
lu490 0.5 3 6 1.0403 0.74 0.39 0.85 0.58 1.35 1.09 1.06 0.01
lu510 0.5 3 6 1.1586 0.77 0.48 0.96 0.68 1.30 1.07 1.05 0.01
lu555 0.5 3 6 1.3488 0.80 0.66 1.15 0.88 1.24 1.05 1.04 0.01
lu683 0.5 3 6 0.2115 0.66 0.05 0.16 0.09 1.51 1.19 1.06 0.01
10 Upcast
ed380 0.5 6 12 50.22 0.43 0.28 25.29 2.62 4.45 9.30 1.09 0.04
ed412 0.5 3 6 92.27 0.56 13.01 58.97 28.02 1.77 1.38 1.11 0.03
ed443 0.5 3 6 122.20 0.64 27.89 87.25 49.44 1.53 1.20 1.08 0.02
ed490 0.5 3 6 137.11 0.75 50.45 109.72 74.74 1.34 1.09 1.08 0.02
ed510 0.5 3 6 134.81 0.77 55.45 110.33 78.58 1.29 1.07 1.10 0.02
ed555 0.5 3 6 132.31 0.80 61.63 111.11 82.87 1.25 1.05 1.13 0.02
lu380 0.5 3 4 0.10 0.46 0.02 0.05 0.03 1.70 1.32 1.51 0.04
lu412 0.5 3 6 0.27 0.55 0.04 0.17 0.08 1.78 1.39 1.13 0.02
Iu443 0.5 3 6 0.50 0.63 0.11 0.35 0.19 1.56 1.22 1.10 0.02
lu490 0.5 3 6 0.99 0.74 0.35 0.78 0.52 1.35 1.10 1.06 0.01
lu510 0.5 3 6 1.10 0.76 0.43 0.89 0.63 1.31 1.08 1.06 0.01
Iu555 0.5 3 6 1.27 0.81 0.60 1.08 0.82 1.24 1.05 1.06 0.01
Iu683 0.5 3 6 0.20 0.66 0.05 0.14 0.08 1.51 1.19 1.08 0.02
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X. Appendix C - Example Profile Header Information

The following text is an example of the header information found in each BBOP 
processed profile file.
<cruise_info>
filename p960514a
date 05-14-1996
day_of_year135
day_since_010192 1596
file_created 11:43:44
cruise station 5 ambrose light tower
position 73 49.38 40 27.61
longitude 73 49.38
latitude 40 27.61
sky_state clear
operator_name ajit
sun_position 3
cruise_id new york harbor ambrose light cruise
session_started 11:43:59
depth_offset 0.32
transmiss_offset .0032
trans_air_calib 4.821
trans_factory_air_calib 4.711
trans_sn 664
most_recent_dark_file d960515a 
deck_comparison_file 
cal_date_uw9643 032696 
cal_date_sfc9644 032696 
downcast_ended 11:46:12.941 224 
upcast_ended 11:49:40.890 577 
yoyo no
closest_CTD_cast none
sun_intensity bright
cloud_type
cloud_amt
wind_speed_and_dir
swell
collection_software_version prrprof_002086c 
number_units 1
collection_cal_file 96439644.cfl;prr-600 #9643/9644 calibration file 3/26/96 cac 
lcd_calib_file 0 /csc/nepl/coors/bbops/BUILD/calib/unit0_032696.cfl

1 /csc/nep 1/coors/bbops/BUILD/calib/unit l_032696.cfl
2 /csc/nep l/coors/bbops/BUILD/calib/unit2_032696.cfl 
lcdfile_created Apr 9 1997 16:52:22



castid index lprr_record 1 depth
p960514a.dtl 7.3000000e+01 7.3000000e+01 2.6938630e-01 
p960514a.dbl 2.0200000e+02 2.0200000e+02 2.1301000e+01 
p960514a.ubl 2.0400000e+02 2.0400000e+02 2.1288300e+01 
p960514a.utl 5.5900000e+02 5.5900000e+02 8.5411040e-01
<sampled_parameters>
lprr_record 1 1 0 
led380 0-0.008677 0.00016 
led412 0-0.021592 9.5e-05 
led443 0-0.022113 0.000116 
led490 0-0.02328 0.000272 
led510 0-0.022617 0.000108 
led555 0-0.02301 0.000459 
lpar 0-9.05074 0.000337
ledgnd 0 1 0
ltemp 0 0.141923 0.080084
1 depth 0. 9.37400e-01 8.38842e+01 2.63535e+01 0.9374 83.8842 26.6735 0
0
lxmiss 0. 5.25490e-02 -1.83626e-03 0.05 0
lqsp 0-1.61e-17 0.0018
ltilt 0 0.04178 2.68617
lroll 0 0.041514 2.69727
lscat 0 1 0
lfluorO 1 0
21u380 0-0.151959 0.000221 
21u412 0-0.509911 -6.8e-05 
21u443 0-0.911266 0.000233 
21u490 0-1.00583 0.00018 
21u510 0-1.24899 0.000363 
21u555 0-1.75531 0.00018 
21u683 0-1.55517 9.5e-05 
21ugnd 0 1 0
3es380 0 -0.03292 0.000205 
3es412 0-0.0327 -0.000888 
3es443 0 -0.0342 -3.6e-05 
3es490 0 -0.03342 -0.000291 
3es510 0-0.03317 -0.00028 
3es555 0-0.03269 0.000142 
3par 0-10.8742 -4e-05 
3edgnd 0 10 
<deri ved_parameters> 
aq-1 Tilt-1 Roll 
kq-led412 
d-lfluor
d-ltemp 
d-lxmiss
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d-d-lfluor
d-d-1 temp
d-d-lxmiss
m-d-d-ltemp
bin_0.5_l depth
ptsbin_0.5
kc-led380
kc-led412
kc-led443
kc-led490
kc-led510
kc-led555
<data>

<filters_used>
bboprecal -r lxmiss 0.052549 -0.00183626
/csc/nepl/coors/bbops/BUILD/may96ny/lcd/p960514a.lcd outfile6554 
prrrecalz -o ldepth 0.9374 83.8842 26.3535
/csc/nepl/coors/bbops/BUILD/may96ny/lcd/p960514a.lcd outfile7076 
bbopradq -fa led380 1.000000e-04 p960514a.lcd outqp960514a.lcd 
bbopradq -fa led412 1.000000e-04 p960514a.lcd outqp960514a.lcd 
bbopradq -fa led443 1.000000e-04 p960514a.Icd outqp960514a.lcd 
bbopradq -fa led490 1.000000e-04 p960514a.lcd outqp960514a.led 
bbopradq -fa led510 2.000000e-04 p960514a.lcd outqp960514a.lcd 
bbopradq -fa led555 1.000000e-04 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 3es380 1.000000e-04 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 3es412 1.000000e-03 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 3es443 1.000000e-03 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 3es490 1.000000e-05 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 3es510 1.000000e-05 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 3es555 1.000000e-04 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 3par 1.000000e-01 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 21u380 1.000000e-02 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 21u412 1.000000e-02 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 21u443 1.000000e-03 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 21u490 1.000000e-03 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 21u510 1.000000e-03 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 21u555 2.000000e-04 p960514a.lcd outqp960514a.lcd 
bbopradq -fa 21u683 2.000000e-04 p960514a.lcd outqp960514a.lcd 
bbopradq -fa lxmiss 3.000000e+01 p960514a.lcd outqp960514a.lcd 
bbopradq -fa lfluor 1.000000e-03 p960514a.lcd outqp960514a.lcd 
bbopangq ITilt IRoll 10 2 inqp960514a.lcd outqp960514a.lcd 
bbopkq -s led412 10 0.9 4.5 inqp960514a.lcdoutqp960514a.lcd 
bbopdespike -d lfluor 0.03 10 indqp960514a.lcd outdqp960514a.lcd 
bbopdespike-d ltemp0.05 10 indqp960514a.lcd outdqp960514a.lcd 
bbopdespike-d lxmiss 0.05 10 indqp960514a.lcd outdqp960514a.lcd
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bbopdespike -d d-lfluor 0.03 10 indqp960514a.lcdoutdqp960514a.lcd 
bbopdespike -d d-ltemp 0.05 10 indqp960514a.lcd outdqp960514a.lcd 
bbopdespike -d d-lxmiss 0.05 10 indqp960514a.lcd outdqp960514a.lcd 
bbopmovavg -f d-d-ltemp 5.0 dqp960514a.lcd mdqp960514a.lcd 
bbopbin -b 0.5 mdqp960514a.lcd
bbopkc -s led380 5 inkbmdqp960514a.lcd. 1 outkbmdqp960514a.lcd. 1 
bbopkc -s led412 5 inkbmdqp960514a.lcd.l outkbmdqp960514a.lcd. 1 
bbopkc -s led443 5 inkbmdqp960514a.lcd. 1 outkbmdqp960514a.lcd. 1 
bbopkc -s led490 5 inkbmdqp960514a.lcd. 1 outkbmdqp960514a.lcd.l 
bbopkc -s led510 5 inkbmdqp960514a.lcd. 1 outkbmdqp960514a.lcd.l 
bbopkc -s led555 5 inkbmdqp960514a.lcd. 1 outkbmdqp960514a.lcd. 1
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XI. Appendix D - Calibration Certificates

The following pages contain the calibration certificates for the PRR600s system, and the 
AC-9.
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Biospherical Instruments Inc. PO Nor DESlkUY—
Biospherical instruments loc CALIBRATION CERTIFICATE for PRR Spectroradiometer CAL I BRA i! ON DATA

Calibration Date: 1/23/96 Form: 7/11/96
Model Number: PRV-600S 
Serial Number: 9643

Operator: JCE/LFG
Standard Lamp: 91771 (05/30/95)

Calibration Calibration Calibration Calibration
Lamp Immersion Voltage - Voltage - Factor - Dry Factor - Wet

Ch Tag X (nm) Irradiance Coefficient Dark31 Light (V/pW) (V/pW) Max E (Dry)
DOWNWELLING IRRADIANCE CHANNELS Irradiance Units: pW/cnr'-nm, E * Irradiance

1 0 380 1.397 0.671 0.000132 -0.018129 -0.013074 -0.008775 764.9
2 0 412 2.411 0.677 0.000516 -0.077541 -0.032371 -0.021906 308.9
3 0 443 3.701 0.682 0.000113 -0.120950 -0.032714 -0.022313 305.7
4 0 490 6.159 0.690 0.000302 -0.209334 -0.034039 -0.023491 293.8
6 0 510 7.302 0.694 0.000168 -0.240489 -0.032957 -0.022859 303.4
6 0 555 10.041 0.701 0.000465 -0.332822 •0.033194 -0.023279 301.3
7 0 PAR4* 0.0142 0.686 0.000330 0-0.194557 -13 767821 -9.442522 0.726
3 0 Gnd.5) 0.000291 Volts

Calibration Factor: WET ■ ((Light - Dark) x Immers. Coeff.)/Lamp Output
DRY « (Light - Dark)/Lamp Output

Lamp Calibration Calibration Calibration Calibration
Irradiance @ Immersion Plaque Voltage - Voltage • Voltage - Factor - Wet

Ch Tag X(nm) 50 cm Coefficient Reflectivity Radiance*1 Dark Blocked31 Light (V/pW) Max L (Wet)
UPWELLING RADIANCE CHANNELS Radiance Units: pW/cm2-nm-sr, L ■ Radiance

1 1 380 1.397 1.765 0.985 0.012 0.000221 0.000214 -0.003021 -0.150639 66.4
2 1 412 2.411 1.758 0.985 0.021 -0.000068 -0.000079 -0.018727 -0.505131 19.8
3 1 443 3.701 1.752 0.985 0.032 0.000233 0.000215 -0.050659 -0.900887 11.1
4 1 490 6.159 1.745 0.984 0.054 0.000180 0.000150 -0.092345 -0.988998 10.1
5 1 510 7.302 1.743 0.984 0.064 0.000363 0.000337 -0.136471 -1.235454 8.1
6 1 555 10.041 1.738 0.984 0.087 0.000180 0.000128 -0.263356 -1.734900 5.8
7 1 683 16.897 1.730 0.984 0.147 0.000095 -0.000003 -0.394184 -1.550051 6.5
8 1 Gnd.5’ 0.000190 Volts

Dry Radiance = (Lamp Output x Plaque Reflectivity x Lamp Distance Factor)/*
Lamp Distance Factor * (50 cm)J/(300 cm)2

Calibration Factor: WET * (Light ■ Dari<)/(Dry Radiance x Immersion Coefficient)
1 0 TEMPERATURE'1 Temperature CQ ■ (Voltage - Offset)/Scale

Scale 0.1419
Offset 0.0801

10 0 PRESSURE/DEPTH*1 Pressure/Depth (dbars or meters) “(ax Voltage ) + (bx Voltage) + c
Scale Factor "a" 0.9374
Scale Factor "b" 83.8842
Offset "c" 26.9635
NOMINAL TO ACTUAL VOLTAGE CONVERSION FACTORS (For use with external sensors, only, see manual)

Irr. Array
Scale Factor 1.057679 1.074227
Offset 0.000206 0.000278
Full Scale Voltage 9.4647 9.3090

FIRMWARE VERSIONS
Tag 0 Tag 1

Underwater ROM 2766B 2043A

Notes:
1. Annual calibration is recommended.
2. Calibrations were performed at approximately 20 to 30 *C.
3) "Dark" irradiance and “Blocked" radiance value* represent a blocking of the calibration source. These values should not be used 

as the “Offset" when entering values Into the calibration file. Use the totally dark sensor value* obtained at the temperature where 
the Instrument will be used.

4) PAR Irradiance units are pEinstelns/cm2sec.
5) Nomlnal/Typical value(s).
6) For conversion of area to solid angle, a factor (divisor) of Pi is incorporated.
7) Water temperature sensor.
8) A change in depth of 1 meter in seawater corresponds to approximately a 1 dbar change In pressure. 

PRR-600 04/24/96



DO KOr DESTROY 
Biospherical instruments Inc. 

CALlBRAi ION DATA

Biospherical Instruments Inc.
CALIBRATION CERTIFICATE for PRR Spectroradiometer

Calibration Date: 1/23/96 Form: 7/11/96
Model Number: PRV-600S
Serial Number: 9643

Operator: JCE/LFG

OPTIONAL CHANNELS

Ch Tag
11 0 Transmissometer1’ Output ■ (Voltage - OffsetyScale

Scale Factor 1.0 Volts/Volt
Offset 0.0 Volts

12 0 Scalar PAR: QSP-200 S/N 4443 quanta/(cm2-sec) ■ (Voltage - Offset)/Scale
Scale Factor (Wet) -1.161E-17 Volts/(quanta/cm2'*ec)
Offset 0.0009 Volts

13 0 AXIS 1 ANGLE SENSOR - "TILT" Degrees ■ (Voltage - OffsetyScale
Scale Factor 0.0418
Offset 2.6862

14 0 AXIS 2 ANGLE SENSOR - "ROLL" Degrees » (Voltage - OffsetyScale
Scale Factor 0.0415

Offset 2.6973
15 0 Light Scattering Sensor11 Output ■ (Voltage - OffsetyScale

Scale Factor 1.0 Volts/Volt
Offset 0.0 Volts

16 0 Fluorometer1’ Output ■ (Voltage - OffsetyScale
Scale Factor 1.0 Volts/Volt
Offset 0.0 Volts

Notes:
1) These sensors are not calibrated at BSI. When applicable, see the manufacturers' specifications.

PRR-600 04/24/95



Biospherical Instruments Ii1C.
EVALUATION FORM for PRR Spec troradiometer

Calibration Date 3/26/90 Form: 7/11/96
Model Number PRV-600S
Serial Number 9643

Operator JCE/LFG
Standard Lamp 94531 (10/11/95) for Irradiance, 94532 (10/11/95) for Radiance.

Calibration Calibration Calibration Calibration
Lamp Immersion Voltage - Voltage - Factor - Dry Factor - Wet

Ch Tag X (nm) Irradiance Coefficient Dark5’ Light (V/pW) (V/pW) Max E (Dry)
DOWNWELLING IRRADIANCE CHANNELS Irradiance Units: pW/cm^nm, E * Irradiance

1 0 380 1.486 0.671 0.000160
2

-0.019050 -0.012927 -0.006677 773.6
0 412 2.559 0.677 0.000095 -0.081553 -0.031907 -0.021592 313.4

3 0 443 3.906 0.682 0.000116 -0.126520 -0.032421 -0.022113 308.4
4 0 490 6.483 0.690 0.000272 -0.218429 -0.033732 -0.023280 296.5
5 0 510 7.683 0.694 0.000108 -0.250415 -0.032609
8

-0.022617 306.7
0 555 10.536 0.701 0.000459 -0.345228 -0.032809 -0.023010 304.8

7 0 PAR4’ 0.0152 0.686 0.000337 «)

8 ”1 
-0.200664 -13.196577 -9.050741 0.758

Gnd.5’ 0.000309 Volts
Calibration Factor: WET * ((Light - Dark) x Immers. Coeff.yLamp Output

DRY = (Light - Dark)/Lamp Output
Lamp Calibration Calibration Calibration Calibration

Irradiance @ Immersion Plaque Voltage • Voltage • Voftage • Factor - Wet
Ch Tag X (nm) 50 cm Coefficient Reflectivity Radiance” Dark Blocked5’ Light (V/pW) Max L (Wet)

UPWELLING RADIANCE CHANNELS
1

Radiance Units: pW/cnY'-nm-sr, L » Radiance
1 380 1.308 1.765 0.985 0.011 0.000133

2
0.000133 -0.002922 -0.151959 65.8

1 412 2.275 1.758 0.985 0.020 0.000209 0.000202 0.017559 0.509911 19.6
3 1 443 3.514 1.752 0.985 0.031 0.000192 0.000186 -0.048878 -0.911266 11.0
4 1 490 5.911 1.745 0.984
S

0.051 0.000122 0.000106 0.090184 -1.005825 99
1 510 7.038 1.743 0.984

s
0.061 0.000272 0.000261 0.133038 -1.248987 8 0

1 555 9.746 1.738 0.984 0.085 0.000124 0.000083 0.258677 -1.755312 5.7
7 1 683 16.755 1.730 0.984
8 1 

0.146 0.000027 -0.000057 -0.392216 -1.555169 6.4
Gnd.5’ 0.000124 Volts

Dry Radiance =
»

(Lamp Output x Plaque Reflectivity x Lamp Distance Factor)/*
Lamp Distance Factor (50 cm)3/(300 cm)3

Calibration Factor: WET * (Light - Dark)/(Dry Radiance x Immersion Coefficient)
9 0 TEMPERATURE''" Temperature CC) ■ (Voltaqe - Offsetl/Scale

Scale 0.1419
Offset 0.0801

10 0 PRESSURE/DEPTH" 1 Pressure/Depth (dbars or meters) *(ai Voltane3! ♦ fh x Vnttanei + r
Scale Factor "a" 0.9374
Scale Factor "b" 83.8842
Offset "c 26.9635
NOMINAL TO ACTUAL VOLTAGE CONVERSION FACTORS" (For use with external sensor*, only, see manual)

Irr. Array Rad. Array
Scale Factor 1.057879 1.074227
Offset 0.000205 0.000278
Full Scale Voltage 9.4547 9.3090

FIRMWARE VERSIONS
Ta9° Tag 1

Underwater ROM 2765B 2043A

Notes:
1. Annual calibration Is recommended.
2. Calibrations were performed at approximately 20 to 30 •c.
3) "Dark" Irradiance and " Blocked" radiance values represent a blocking of the calibration source. These values should not be used

as the"Offset* when entering V3lues Into the cslibrstion file. Use the totalfy dark sensor values obtained at the temperature where
the instrument will be used.

4) PAR Irradiance units are pEinsteins/cnT-sec.
5) Nominal/Typical value<s).
6) For conversion of are* to solid angle, a factor (divisor) of PI Is Incorporated.
7) Water temperature sensor.
8) A change In depth of 1 meter In seawater corresponds to approximately a 1 dbar change In pressure.
9) These channels/sensors were not evaluated during this service period.
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Biospherical Instruments Inc.
CALIBRATION CERTIFICATE for PRR Spectroradiometer

Calibration Date: 3/26/96 Form: 7/11/96
Model Number: PRV-600S
Serial Number: 9643

Operator: JCE/LFG

OPTIONAL CHANNELS

Ch Tag
11 0 Transmlssometer11 Output ■ (Voltage • OffsetyScale

Scale Factor 1.0 Volts/Volt

Offset 0.0 Volts
12 0 Scalar PAR: QSP-200 S/N 444321 quanta/(cm2*sec) ■ (Voltage - OffsetyScale

Scale Factor (Wet) -1.161E-17 Volts/(quanta/cm2sec)

Offset 0.0009 Volta
13 0 AXIS 1 ANGLE SENSOR - "TILT”21 Degrees ■ (Voltage - OffsetyScale

Scale Factor 0.0418

Offset 2.6862
14 0 AXIS 2 ANGLE SENSOR -’ROLL"2’ Degrees « (Voltage - OffsetyScale

Scale Factor 0.0415

Offset 2.6973
16 0 Light Scattering Sensor11 Output ■ (Voltage - OffsetyScale

Scale Factor 1.0 Volts/Volt
Offset 0.0 Volt*

16 0 Fluorometer1* Output ■ (Voltage - OffsetyScale

Scale Factor 1.0 Volts/Volt

Offset 0.0 Volt*

Notes:
1) These sensors are not calibrated at BSI. When applicable, see the manufacturers' specifications.
2) These channels/sensors were not evaluated during this service period.
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Biospherical Instruments Inc.
CALIBRATION CERTIFICATE for PRR Spectroradiometer do mg:

Bicspherica' Calibration Date: 2/10/97 In* Form: 2/18/97 CALi'o /.A 11 i.Model Number: PRV-6QQS 
Serial Number: 9643 

Operators- TMM
Standard Lamp: 94531 (01/02/97) for Irradiance, 94532 (10/11/95) for Radiance.

Calibration Calibration Calibration Calibration
Lamp Immersion Voltage - Voltage - Factor - Dry Factor - Wet 

Ch Tag X (nm) Irradiance Coefficient Dark3’ Light (V/pW) (V/pW) Max E (Dry)
DOWNWELLING IRRADIANCE CHANNELS Irradiance Units: uW/cm2-nm. E - Irradiance----------------------------- ------- 1

1 0 JttU 1.578 0.571 0.000146 -0.019400 -0.012390 -0.0C8317 807.1
2 0 412 2.535 0.677 0.000551 -0.081300 -0.031541 -0.021345 317.0
3 0 443 4.003 0.682 0.000189 -0.128136 -0.032071 -0.021874 311.8
4 0 4S0 6.647 0.630 0.000282 -0.221058 -0.033297 -0.022980 300.3
5 0 510 7.380 0.634 0.000171 -0.253324 -0.032171 -0.022313 310.8
S 0 555 10.730 0.701 0.000480 -0.348378 -0.032511 -0.022801 307.6
7 0 PAR4’ 0.0154 0.686 0.000371 -0.202865 -13.204159 -9.055940 0.757 <)
8 0 end. 0.000318 volts ----------------------------------------------.

Ca libration Factor WET = ((Light - Dark) x Immers. Coeff.yLamp Output
DRY = (Light - Dark)/Lamp Output

Lamp Calibration Calibration Calibration Calibration
Irradiance @ Immersion Plaque Voltage - Voltage - Voltage - Factor - Wet

Ch Tag X (nm) 60 cm Coefficient Reflectivity Radiance’1 Dark Blocked31 Light (V/pW) Max L (Wet)
UPWELLING RADIANCE CHANNELS Radiance Units: pW/cm4-nm-sr L - Radiance-----------------------------------------------------------

1 1 380 1.308 1.765 0.988 0.011 0.000198 0.0002C6 -0.002858 -0.151929 65.8
2 1 412 2.275 1.758 0.989 0.020 -0.000103 -0.000098 -0.017526 -0.498479 20.1
3 1 443 3.514 1.752 0.990 0.031 0.000203 0.000203 -0.048370 -0.901210 11.1
4 1 430 5.911 1.745 0.930 0.052 0.000160 0.000151 -0.089873 -0.996381 10.0
S 1 510 7.038 1.743 0.990 0.062 0.000330 0.000321 -0.133200 -1.243485 8.0
) 1 555 9.746 1.738 0.991 0.C85 0.000162 0.000123 -0.259162 -1.747331 5.7
7 1 683 16.755 1.730 0.990 0.147 0.000105 0.000026 -0.385980 -1.521184 6.6
8 1 Gnd. * 0.000179 Volts

Dry Radiance = (Lamp Output x Plaque Reflectivity x Lamp Distance Factor)/*
Lamp Distance Factor = (50 cm)2/(300 cm)2

Calibration Factor WET - (Light ■ Dark)/(Dry Radiance x Immersion Coefficient)
0 TEMPERATURE Temperature rc) - (Voltage - Offset)/Scale

Scale 0.1421
Offset 0.0839

10 0 PRESSUREjDEPTH Pressure/Depth (dbars or meters) - (ax Voltage2) ♦ (b x Voltage) + c
Scale Factor "a" 0.9033
Scale Factor ”b“ 83.1773
Offset "c" 2S.9099
NOMINAL TO ACTUAL VOLTAGE CONVERSION FACTORS” (For use with external sensors, only, see manual)

I it. Array Rad. Array
Scale Factor 1.057S79 1.074227
Offset 0.000205 0.000273
Full Scale Voltage 9.4547 9.3090

FIRMWARE VERSIONS
Tag 0 Tag 1

Underwater ROM 27S5B 2043A

Notes:
1. Annual calibration is recommended.
2. Calibrations were performed at approximately 20 to 30 *C.
3> "D?^’-i^i^Cland !IOCke<r |r3daira*“['P'Kert a blocking of the calibration source. These values should not be used 

as the Offser when entering values Into the calibration file. Use the totally dark sensor values obtained at the temperature where 
the instrument will be used. 1 c

4) PAR irradiance units are pEinsteins/cm2sec.
5) Nominal/Typical value(s).
6) For conversion of area to solid angle, a factor (divisor) of Pi is incorporated.
7) Water temperature sensor.
8) A change in deoth of 1 meter in seawater corresponds to approximately a 1 dbar change in pressure.
9) These channels/sensors were not evaluated during this service period.
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DO HOT DESTROY 
Biospherical lr.:\—jmenfs Inc.

AlIBRATlCN DATA

Biospherical Instruments Inc.
CALIBRATION CERTIFICATE for PRR Spectroradiometer

Calibration Date: 2/10/97 Form: 2/18/97
Model Number: PRV-600S 
Serial Number: 9643 

Operator: TMM

OPTIONAL CHANNELS

Ch Tag
11 0 Transmissometer1’ Output ■ (Vol tage - OffsetyScale

Scale Factor 1.0 Volts/Volt

Offset 0.0 Volts

12 0 Scalar PAR: QSP-200 S/N 4443 quanta/(cm2-s-ec) ■ (Voltage - Offset)/Scale

Scale Factor (Wet) -1.020E-17 Volts/(quanta/cm2-sec)

Offset 0.0003 Volts
13 0 AXIS 1 ANGLE SENSOR - -TILT”21 Degrees ■ (V<altage - OffsetyScale

Scale Factor 0.0413

Offset 2.S362
14 0 AXIS 2 ANGLE SENSOR - -ROLL"2’ Degrees ■ (V<Jltage - Offset)/Scale

Scale Factor 0.0415

Offset 2.6973

15 0 Light Scattering Sensor11 Output ■ (Voltage - OffsetyScale

Scale Factor 1.0 Volts/Volt

Offset 0.0 Volts

18 0 Fluorometer11 Output ■ (Voltage - OffsetyScale

Scale Factor 1.0 Volts/Volt

Offset 0.0 Volts

Notes:
1) These sensors are not calibrated at BSI. When applicable, see the manufacturers' specifications.
2) These channels/sensors were not evaluated during this service period.
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Biospherical Instruments Inc.
CALIBRATION CERTIFICATE for PRR Spectroradiometer

Calibration Date: 2/10/97 Form: 2/18/97
Model Number: PRV-600S
Serial Number: 9643

Operator: TMM

OPTIONAL CHANNELS

Ch Tag
11 0 Transmissometer11 Output * (Voltage - Offset)/Scale

Scale Factor 1.0 Volts/Volt
Offset 0.0 Volts

12 0 Scalar PAR: QSP-200 S/N 4443 quanta/(cm2sec) * (Voltage - Offset)/Scale
Scale Factor (Wet) -1.020E-17 Volts/(quanta/cm2-sec)
Offset 0.0009 Volts

13 0 AXIS 1 ANGLE SENSOR - "TILT’21 Degrees * (Voltage - Offset)/Scale
Scale Factor 0.041S
Offset 2.6862

14 0 AXIS 2 ANGLE SENSOR - "ROLL"2’ Degrees * (Voltage - Offset)/Scale
Scale Factor 0.0415
Offset 2.6973

15 0 Light Scattering Sensor1' Output ■ (Voltage - Offset)/Scale
Scale Factor 1.0 Volts/Volt
Offset 0.0 Volts

16 0 Fluorometer11 Output » (Voltage - Offset)/Scale
Scale Factor 1.0 Volts/Volt
Offset 0.0 Volts

Notes:

1) These sensors are not calibrated at 8SI. When applicable, see the manufacturers' specifications.
2) These channels/sensors were not evaluated during this service period.
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WET Labs, Inc. Philomath, OR 97371 503-929-5650
CALIBRATION RESULTS AND SCALING FACTORS 
Model #: 9510003 
Serial#: AC90169

Cal: 001
Date: H-21-1995 
Job: 001

DIGITAL CALIBRATION
Chan. Air Val. Water Off.

(Kt)
Temp. Co. Prec. Hex Water Hex Air

a650 -0.1811 7.0068 -0.00112 0.0008 1A5E 1BC4
a676 -0.2648 6.9865 -0.00115 0.0007 1A38 1C2 3
a715 -0.8437 6.4096 -0.00106 0.0005 1495 195A
c510 0.2711 7.6853 -0.00053 0.0006 1253 1120
c532 0.3032 7.6891 -0.00044 0.0013 0B50 0A7D
c555 0.2876 7.7662 0.00003 0.0011 1024 0F13
a412 0.1733 6.7990 -0.00214 0.0028 05BF 0579
a440 0.1637 6.8717 -0.00145 0.0015 0A6C 09FB
a488 0.1497 6.9588 -0.00122 0.0007 1188 10DD
c650 -0.0248 7.6118 -0.00013 0.0007 1B58 1BA7
c676 -0.1263 7.5784 -0.00011 0.0007 1AC7 1BCA
C715 -0.6618 6.7625 0.00071 0.0005 137B 1731
a510 0.1315 7.0053 -0.00117 0.0010 100A 0F79
a532 0.1211 7.0372 -0.00110 0.0014 0A2E 09D6
a555 0.1007 7.0586 -0.00164 0.0006 0E95 0E31
c412 0.3598 7.0712 -0.00110 0.0023 076D 06C8
c440 0.3099 7.3018 -0.00089 0.0014 0CBD 0BCD
C488 0.2725 7.6190 -0.00066 0.0008 148E 133B
TCal: 24.1 degrees Celsius 
ICal: 31.9 degrees Celsius
Temperature Range: 13.0 to 36.0 degrees Celsius
TCal: Water temperature in flow tubes at time of water calibration. 
ICal: Instrument internal temperature at time of water calibration.
Temperature Range: Internal instrument temperature range, over which the 
temperature coefficients are calculated.
Air Values: Air reading, in inverse meters, once the temperature corrections 
are applied.
Water Offset: The measured value of pure water, in inverse meters, 
at TCal with temperature corrections applied.
Temperature Coefficients (Kt): Temperature correction scaling factor.
Precision: The standard deviation in air, measured in inverse meters, at a 
six scan integration.
Hex Water: Raw water values in hexadecimal.
Hex Air: Raw air values in hexadecimal 
Flow rate of 1.5 liters per minute.



AC90169.DEV 
CAL 001

AC9 Absorption and Attenuation Meter 
00000169 ; Serial Number 
Reserved 
Reserved

0 0.000000 ; Depth Cal 
19200 ; Baud Rate
0.250000 ; Path Length
a650 Yellow 7.00680 25 -0.00112
a676 LtGreen 6.98654 25 -0.00115
a715 Green 6.40956 25 -0.00106
c510 Brown 7.68531 25 -0.00053
c532 Red 7.68914 25 -0.00044
c555 LtRed 7.76619 25 0.00003
a412 Cyan 6.79901 25 -0.00214
a440 LtBlue 6.87175 25 -0.00145
a488 Blue 6.95884 25 -0.00122
c650 Yellow 7.61183 25 -0.00013
c676 LtGreen 7.57845 25 -0.00011
c715 Green 6.76246 25 0.00071
a510 Brown 7.00528 25 -0.00117
a532 Red 7.03725 25 -0.00110
a555 LtRed 7.05863 25 -0.00164
c412 Cyan 7.07123 25 -0.00110
c440 LtBlue 7.30185 25 -0.00089
c488 Blue 7.61895 25 -0.00066

AC90169.DEV 
CAL 001
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