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Abstract

The Bermuda Testbed Mooring (BTM) has been deployed since June 1994 and provides
the oceanographic community with a deep-water platform for testing new
instrumentation, in Situ comparisons for satellite ocean color imagers, and scientific
studies. The mooring is located at approximately 31°44'N, 64°10'W or about 80 km
southeast of Bermuda. There have been 14 deployments during the period from June
1994 to May 2000. The duration of each deployment is about 3 to 4 months.
Meteorological and surface spectral radiometric measurements were made from a buoy
tower. Measurements at depth included: currents, temperature, conductivity, and optical
properties including spectral irradiance and radiance, PCO,, and trace element
concentrations. The high temporal resolution, long-term data collected from the mooring
capture a broad dynamic range of oceanic variability and provide important information
concerning episodic and periodic processes ranging in scale from minutes to years.
Evaluation of undersampling and aliasing effects characteristic of infrequent sampling is
also enabled with these data sets. The primary purposes of this report are to describe
instrumentation, calibrations, and data collected during Deployment #14 (June 1 -
November 29, 2001). This deployment and Deployment #13 are about one and half a
month longer than any other deployment with a major purpose of development and
testing of anti-biofouling methods for a variety of optical instruments. Our goal is to
reduce the effects of biofouling to the point where 6-month deployments will be possible
within 3 years. (More detailed descriptions of the BTM program, instrumentation, and
examples of previous results are presented in this report’s reference section and the
UCSB Ocean Physics Laboratory (OPL) web site (http://www.opl.ucsb.edu).



I ntroduction

The Bermuda Testbed Mooring (BTM), a deep-sea mooring which is available for long-
term testing of interdisciplinary oceanographic sensors and systems, has been in
operation since June 1994 (Dickey, 1995; Dickey et al., 1997, 1998a, 2000a). The BTM
program was stimulated in part by the need for autonomous, interdisciplinary
measurements in remote oceanic regions. This need is underscored by the initiation of
several recent and planned national and international oceanographic programs (e.g., Joint
Global Ocean Flux Study, JGOFS; Global Ocean Ecosystems Dynamics, GLOBEC;
Global Ocean Observing System, GOOS) over the past decade. These programs concern
the environmental and ecological causes and effects of global changes. The success of
these programs depends on the development and application of relevant technologies that
are crucial for improved observational databases (Dickey, 1993; Dickey, 2000a). The
technological development has been sponsored through funding from: the National
Science Foundation (NSF), the Office of Naval Research (ONR), the National
Aeronautical and Space Administration (NASA), the National Oceanic Partnership
Program (NOPP), the University of California, Santa Barbara (UCSB), the Monteray Bay
Aquarium for Research (MBARI), other collaboratory institutions, two private
foundations, and the National Oceanic and Atmospheric Administration (NOAA). A
summary of several BTM users is provided in Table 1.

New sensors, and instrumentation and telemetry systems have greatly expanded
observable scales and the number of variables pertinent to programs such as those
mentioned above (e.g., Dickey, 1991, 2000a, b; Dickey et al., 1993, 1999a).
Observationalists, as well as numerical modelers who wish to form collaborations with
technologists, test and evaluate these sensors and systems using the BTM.

Another primary objective is to provide nearly continuous optical time series data for
calibration, validation, and algorithm development for ocean color satellites including
SeaWiFS, as part of the NASA SIMBIOS project (Esaias et al., 1995). For example,
satellite-derived color data are confined to the uppermost ocean layer and the number of
viewing days are severely limited by cloud obscuration (e.g., Smith et al., 1991). Bio-
optical measurements made from moorings can provide critical complementary and
virtually continuous information at a variety of depths (Dickey, 2000b; Dickey and
Falkowski, 2000). One important use of our data is to develop new methodologies and
capabilities for obtaining and synthesizing data derived from in situ and several satellite
ocean color sensors (Esaias et al., 1995). Nearly continuous moored observations are
especially attractive as they optimize the number of "match-up" data (e.g., spectral water-
leaving radiance) with satellite measurements (e.g., Mueller and Austin, 1992). Large
dynamic ranges are observed because of variations in solar elevation, cloud type, wave
and surface conditions, and amount and types of pigmented biomass. The UCSB BTM
data have been provided to the NSF U.S. JGOFS and NASA SeaBASS data management
systems.

The third major objective of the BTM program concerns time series oceanic
measurements for scientific studies (e.g., Deep-Sea Research II, Volume 43, Nos. 2-3,



1996, eds. D. Karl and A. Michaels). The BTM mooring site nearly coincides with the
U.S. JGOFS sponsored Bermuda Atlantic Time-Series Study (BATYS) site, the Bermuda
BioOptics Program (BBOP) site (Siegel et al., 1996), and the Ocean Flux Program (OFP)
site (e.g., Conte et al., 2000) (Figure 1). Some of the mutual objectives of the BTM and
BATS programs are: 1) to observe and interpret the annual and interannual variability of
the biology and chemistry of the upper ocean; 2) to understand the interrelationships
among the biological, chemical, and physical characteristics of the water column; and 3)
to provide data on global trends of selected oceanic properties over decadal time scales.

Some of the specific goals of the BTM program are:

1. To concurrently collect interdisciplinary data sets that may be used to improve
interpretation of measurements made with new in situ sensors and systems.

2. To provide nearly continuous measurements enabling study and modeling of seasonal
and interannual as well as high frequency, episodic, and mesoscale variability in
physical and bio-optical properties and primary productivity.

3. To determine the most appropriate suite of sensors (efficacy and cost) for use on
moorings, drifters, floats, and autonomous underwater vehicles (AUVs) for future
interdisciplinary global ocean observing systems applications in harsh (e.g., Southern
Ocean, Arctic Ocean, etc.) as well as temperate oceanic regions. This objective is
similar to that of the Oceanographic-Systems for Chemical, Optical, and Physical
Experiments (O-SCOPE) project, funded by the National Ocean Partnership Program
(NOPP) (Lead investigator: T. Dickey).

4. To provide data which may be used for analyzing and modeling biogeochemical
cycling (e.g., phytoplankton biomass, productivity, and carbon fluxes) and intense
forcing events including hurricanes (see Table 1).

5. To provide necessary links between data from remotely sensed observations (e.g.,
ocean color, sea surface temperature, and currents) and those collected from the BTM
(part of NASA SIMBIOS program). Effects of long-term sensor drift, solar elevation,
etc. are being examined as well. Several OPL reports on this aspect are available (see
references).

Description of the BTM Program and Its Site Selection
1. The Bermuda Testbed Mooring

The BTM has been introduced to the oceanographic community through articles in Sea
Technology, EOS, the Bulletin of the American Meteorological Society, Deep-Sea
Research, the Journal of Geophysical Research, the Journal of Atmospheric and Oceanic
Technology, Monthly Weather Review, and other publications (see references),
announcements and presentations at major oceanographic society meetings, through mass
emails, and our web site (http://www.opl.ucsb.edu). The BTM program was initiated
through collaboration between the UCSB OPL (Dickey) and WHOI (Dan Frye). The
collaborative effort has continued throughout the program. WHOI is responsible for the
preparation and deployment of the mooring platform and related engineering studies
including some data telemetry experiments. The UCSB OPL manages the BTM program,
sampling strategies, baseline scientific instrumentation, new optical and telemetry



technologies, and user organization and facilitation. Mooring redeployments take place
approximately every 4 months. The first deployment in June 1994 included 9 instrument
systems with no spectral (optical) capabilities. At present, there are more than twice as
many systems and several instruments are much more sophisticated than the initial
equipment. The mooring design used for the BTM program is based on a mooring used
previously as part of the Atlantic Long-Term Oceanographic Mooring (ALTOMOOR)
engineering program near Bermuda (Bocconcelli et al., 1991; Frye et al., 1996).

The BTM utilizes instrumentation ranging in developmental stages. For example, current
and temperature measurement sensors are in relatively common scientific usage; the
Multi-Variable Moored Systems (MVMS; Dickey et al., 1991, 1993a,b) were developed
about two decades ago and now collect virtually baseline measurements for
intercomparisons (e.g., Dickey et al., 1998b; Gilboy et al., 2000). On the other hand, the
Moored Radiometer System (MORS), a bio-optical system, and other high spectral
resolution optical instruments (e.g., Dickey, 2000b) along with several chemical and
biological systems developed by BTM collaborators are new systems.

The surface expression of the mooring (Figure 2) is a 2.5-m diameter buoy fabricated of
surlyn foam. Surface recording systems, controllers, and batteries are housed inside the
buoy. The buoy tower supports an Argos transmitter to provide position of the buoy and
data transmission, an RF antenna for short-range data transmission, meteorological
instruments, and a radiometer package. The meteorological package includes sensors for
measuring winds, air temperature, shortwave radiation, relative humidity, and barometric
pressure. These variables are sampled every minute, recording 5 min averaged data. The
peak wind gust (highest value every 1 min) is also recorded during this 5 min sampling
period. This measurement is important particularly under high wind, high sea conditions,
such as those experienced during the passage of Hurricane Felix in August 1995 (Dickey
et al., 1998c; Zedler, 1999). The anemometer and radiometer are located 4.4 m above the
ocean surface. Commonly used estimates of wind speed at 10 m above the surface, U,
are computed using a formula presented by Large et al. (1995). Surface optical
measurements include spectral downwelling irradiance, Eq4, at A=412, 443, 490, 510, 555,
665, and 683 nm (Satlantic OCI-200), and downwelling photosynthetically available
radiation (downwelling PAR, Li-COR 192SA). The sampling rates and regimen for the
surface systems are given in Table 2. Data are stored on a 120 Mbyte hard drive.

Subsurface instruments and their sampling rates and sequences are shown in Table 2.
Depths of the various subsurface sensors and systems are shown in Figure 2 and Table 3
for Deployment #14. Several different types of sensors are used to measure physical
parameters from the BTM. Temperature is measured with self-recording temperature
systems (e.g., TSKA and Tidbits) as well as with thermistors on some of the instrument
packages. The MVMS (Figure 3; e.g., Dickey et al, 1991, 1993a,b) measures physical
parameters as well as optical parameters. Physical data collected with the MVMS include
vector averaged currents (based on EG&G Vector Measuring Current Meter (VMCM);
Weller and Davis, 1980), temperature, and conductivity (Sea-Bird SBE-4). In addition, an
uplooking Acoustic Doppler Current Profiler (ADCP; RDI 150 KHz) measures currents
every 15 minutes at multiple vertical bin depths (3 m bins).



The BTM is also equipped with several types of optical sensors. The MVMS includes a
beam transmissometer (Sea Tech; Bartz et al., 1978) for determining the beam
attenuation coefficient (c660) and a fluorometer (Sea Tech; Bartz et al., 1988) for
measuring stimulated chlorophyll fluorescence. It also has a PAR sensor (Biospherical
QSP-200; Booth, 1976) and an upwelling radiance sensor for 683 nm wavelength, i.e.,
natural fluorescence (Biospherical MRP-200; Kiefer et al., 1989).

A moored optical system, MORS (Figure 3; Dickey et al., 1998; Dickey, 2000b), was
developed in part to provide necessary in Situ calibration, verification, and interpretation
(e.g., groundtruthing and algorithm development) of remotely sensed ocean color data
(e.g., for SeaWiFS and other satellite color-sensors). Satellite and mooring data may
both be used to estimate biomass and primary productivity globally (e.g., see U.S. JGOFS
Planning Report Number 18, 1993; Smith et al., 1991; Dickey, 1991; Dickey et al., 1991;
Marra et al. 1992; Waters et al., 1994; Behrenfeld and Falkowski, 1997a,b; Dickey,
2000b; Dickey and Falkowski, 2000). Satellite-based measurements have the advantage
of providing broad spatial coverage of the very near surface ocean whereas moored
instruments provide excellent temporal resolution as well as data at depth. The MORS
radiometers measure downwelling spectral irradiance, Eq, (Satlantic OCI-200) and nadir
upwelling spectral radiance, L,, (Satlantic OCR-200) at wavelengths of A = 412, 443,
490, 510, 555, 665 and 683 nm. These wavelengths are compatible with those of the
SeaWiFS color imager plus 683 nm for natural fluorescence. In addition, the MORS
systems include scalar irradiance sensors with both spherical (PARg; Li-COR LI-193SA)
and cosine collectors (PARg; Li-COR LI-192SA), tilt sensors, temperature sensors, and
pressure sensors. Light (radiometers and PAR) and tilt sensors are sampled in the same
manner as the surface radiometer (see Table 2). Data are stored on a 120 Mbyte hard
drive. The system can be operated for about four months in this configuration. Products
of special relevance for the NASA SIMBIOS program include spectral remote sensing
reflectance, Ri(A), and other spectral radiance/irradiance ratios, spectral diffuse
attenuation coefficient K4(A), and spectral normalized water-leaving radiance Ly, (A).

A new moored in situ trace element serial sampler (MITESS) developed by Ed Boyle of
MIT and collaborators (Bell et al., 2000) has also been deployed. The purpose of the
MITESS is to examine the temporal variability of trace metals in the upper ocean. Details
concerning the design and development of the MITESS are presented elsewhere (e.g.,
Dickey et al., 1998a; Bell et al., 2000).

2. Ste sdection for the BTM

The BTM site is located at 31° 43°N, 64° 09'W (Figure 1) and within a half day’s steam
of Bermuda, so minimal time is spent in transit. This site was chosen for the BTM
program for the following reasons:
1) It is within a representative oligotrophic gyre and in deep waters (~4570 m),
yet is easily accessible;



2) There are rich historical data sets available near this site (e.g., Hydrostation S,
BATS, OFP and BBOP). These data are useful for setting up and calibrating
new instruments and facilitating intercomparisons and interpretations;

3) High resolution remote sensing data are collected for the Bermuda area (e.g.,
Nelson, 1998), thus providing complementary measurements for our study
and vice versa; and

4) There is a reasonably high probability of passages of intense storms and
hurricanes (Dickey et al., 1998b; Zedler, 1999).

Among the programs located near the BTM site, the BATS and its associated programs
are particularly valuable for the BTM program (see review by Michaels and Knap, 1996
and other papers in Deep-Sea Research volume 43, Nos. 2 and 3, 1996; Steinberg et al.,
2000). The primary BATS site is located at 31° 50'N, 64°10'W (Figure 1). The BATS site
has been sampled as part of the BATS program since October 1988. Research cruises are
made monthly (bi-monthly cruises in springtime) to the BATS site. Core measurements
include: 1) profiles of temperature, salinity, beam attenuation coefficient or c660,
stimulated chlorophyll fluorescence, PAR, dissolved oxygen, nutrients, particulate
organic carbon and nitrogen, primary productivity, phytoplankton pigments, dissolved
organic carbon, nitrogen, and phosphorus; 2) net tow and video sampling of zooplankton;
3) bacteria assays; and 4) sediment trap determined sinking carbon flux. Bio-optical
profile data are also being obtained during these cruises as part of the Bermuda Bio-
optics Project (BBOP, Siegel and Michaels, 1996a,b; Siegel et al., 1995, 1996). The
profile data provide excellent vertical resolution (~1 m from the surface to ~200 m), but
relatively poor temporal resolution, whereas the mooring data provide excellent temporal
resolution (order of minutes to an hour), but relatively poor vertical resolution (~10 m or
greater). The profiling system includes several bio-optical sensors that are compatible
with the BTM sensors to be described later. Clearly, both sampling modes are necessary
for detailed optical studies. Intercomparisons of BTM, BBOP, and SeaWiFS water-
leaving radiance data are presented in Dickey (2000b).

The Bermuda Biological Station for Research (BBSR) program is also equipped with an
HRPT satellite receiver system (TeraScan: SeaSpace, Inc.) for acquiring and processing
AVHRR and SeaWiFS image data. Typically, four satellite passes are captured per day.
Using these images, basin scale and local mesoscale features can be resolved, thus
providing spatial context for time series observations. The retrievals are validated with
monthly or bi-weekly shipboard CTD/optics casts at the BATS site and underway data
collected during R/V Weatherbird II cruises in the region. An interesting example of
AVHRR imagery obtained during Hurricane Felix’s passage in August 1995 near the
mooring site is presented in Nelson (1996a). TOPEX/Poseidon and ERS-2 altimetry are
also being examined (personal communication, Erik Fields and David Siegel (UCSB) and
Dennis McGillicuddy (WHOI)). These complementary remote sensing measurements are
valuable for the BTM work and vice versa.

Progress Over the Past 6 Years



Over the past six years, we have established the BTM as a viable international testbed
facility along with an active user group (Table 1), and developed and tested several bio-
optical systems (Dickey et al., 1998a; Dickey 2000b). These systems measure inherent
and apparent optical properties on time scales of minutes. Additionally, we used our data
to groundtruth SeaWiFS satellite data. Comparisons are excellent (e.g., see Dickey,
2000b). We have also made inter-comparisons of ocean currents among a VMCM, an
ADCP, and a new acoustic current meter (FSI 3D-ACM; Gilboy et al. 2000).
Meteorological, physical, and optical data collected from the mooring are used to
evaluate several new systems and to interpret the BTM users’ collective data sets (Dickey
et al., 1998a, 2000a). The mooring was also used to obtain data during hurricanes—it is
well known that the data of hurricanes are extremely difficult to collect (e.g., Nelson,
1996, 1998; Dickey et al., 1998b; Zedler, 1999). We have also successfully transitioned
the BIOPS design to other scientific programs such as the ONR-sponsored Coastal
Mixing and Optics (CMO) and HyCODE (Dickey et al., 2000b) for capturing sediment
resuspension events associated with hurricanes (Dickey et al., 1998d; Chang and Dickey,
1999, 2000; Chang et al., 2000). New telemetry systems were also developed (Frye et al.,
1996; Dickey et al., 1998a, 2000a). The telemetry work is important in the long-term
scheme of utilizing moored, drifter, float, and AUV instrumentation for remote sites as
part of global ocean/climate observing networks (e.g., Dickey, 2000a).

BTM investigators have deployed several other emerging measurement systems such as
high-resolution optical systems (UCSB OPL) and nitrate analyzers, among which
OsmoAnalyzer was developed by Hans Jannasch of MBARI. Ed Boyle of MIT
developed moored in Situ trace element serial sampler systems MITESS 1 (Bell et al.,
2000) and other groups have developed pCO, measurement systems (Merlivat and Brault,
1995; Tabacco et al., 1999; Bates et al., 2000). In addition, a serial ¢ analyzer for
primary productivity, a newly developed acoustic current meter ACM and near real-time
inductive telemetry systems were developed by Craig Taylor of WHOI, Al Fougere of
Falmouth Scientific Instruments, and Dan Frye of WHOI and the UCSB OPL,
respectively.

In addition to technology development and testing, the data collected from the BTM
program are used for scientific studies. Publications resulting from BTM activities are
indicated in the references. A summary of the various deployments, a guide to data
reports and papers, recent data highlights, and information for potential BTM users may
be found on our worldwide web site (http://www.opl.ucsb.edu/btm.html).

Description of Deployment #14

Deployment 14 took place between June 1 - November 29, 2000. The duration of this
deployment and that of Deployment #13 are about one and half a month longer than any
other deployment. The major purpose of these long deployments was to continue
development and testing of anti-biofouling methods for a variety of optical instruments.
Our goal is to reduce the effects of biofouling to the point where 6-month deployments
will be possible within 3 years (power and data storage are no longer major obstacles).
Data quality for physical variables is not affected by the long-term operation, while



measurements of optical variables show some deterioration in quality. This quality
deterioration suggests that biofouling techniques need further improvement. In fact, one
focus of the O-SCOPE program concerns development of new anti-biofouling systems
and methods (Dickey et al., 1998, 1999).

This deployment documented the seasonal shift between late spring and late fall. Surface
air temperature rose by about 3°C from June 1 to around August 8, and then decreased
from 27°C to 22°C toward the end of the deployment (Figure 5). On average, surface
wind was stronger in fall than summer. Seasonal trends in barometric pressure and
surface relative humidity are not strong compared with synoptic changes, while
shortwave radiation and PAR decreased significantly from summer to late fall (Figure 6).
High-frequency variability is also apparent in the meteorological data. The air
temperature varied with magnitudes of 4°C and surface wind speed changed between 0
and about 20m/s (Figure 5) on the synoptic time scales. Weather systems passed over the
BTM site on synoptic time scales of about 4-5 days. Most days were cloudy, with a few
days of very low light. Relative humidity fluctuated between 40% and 90%. And PAR
and surface spectral irradiance show strong synoptic scale variability as well (Figures 6-
7).

Ocean temperature in the surface layer shows a strong seasonal trend (Figure 8a).
Temperature at 3m increased from ~23°C early June to ~28°C in mid-August, and then
cooled to about 23°C toward the end of the deployment. Below the surface layer,
however, the seasonal trend was not very strong relative to the surface layer. Between
50m and 200m, the trend may have been obscured by very strong variations on the time
scales of about 1 month in the first half of the deployment. It is not clear what caused the
strong variability on 1-month time scales. Stratification was high in late fall, but
convection and wind mixing caused cooling at the sea surface after JD 290, and the upper
250 m of water were well mixed by JD 430 (Figures 8a and b).

Figures 9 and 10 shows good quality data of upwelling spectral radiance, L,, at 5Sm and
10m before the spectral radiometric sensors failed around JD 277.

The pressure case on the MORS system at 14m failed (Figure 11). The PAR sensors
functioned before JD 262, but the data, especially PARs, are not of good quality. Time
series of temperature displays the increasing seasonal trend from spring to summer before
the temperature sensor failed around JD 262.

Figures 12, 13, 15 and 16 show a trend of decreasing subsurface spectral irradiance and
radiance at 14 m, and 21 m with wavelengths 412-665nm, consistent with the trends in
decreasing light intensity at the surface. Time series of spectral irradiance and radiance at
683nm at 14m and 21m do not have such a trend. It is not clear whether the unusual
variability is due to measurement errors or caused by some unknown forcing. The time
series at all the seven wavelengths also display variations on synoptic time scales.
Biofouling is obvious toward the end of the deployment, especially at 412-555nm
wavelengths. The existence of biofouling indicates that anti-biofouling techniques need



further improvement in order to have good-quality optical data from 6-month long
mooring deployments.

Time series of PARd and temperature on the MORS system at 21m also seasonally
increased and then decreased from late spring to late fall. The PARs sensor and pressure
case at the depth malfunctioned and the data are not of good quality.

Physical measurements from the MVMS system at 35m are of good quality (Figures 18
and 19), though optical measurements are not very successful (Figure 17). Time series of
PAR is consistent with those of the measurements from optical sensors at various depths
(Figures 7, 12, 13, 15 and 16). Inertial oscillations are very strong in time series of
horizontal currents, especially after a windstorm passed through the BTM site around JD
260. Variability at lower frequencies is also very significant. Temperature shows strong
seasonal variability at the depth, consistent with measurements from other depths. In
addition, temperature and salinity show strong inertial oscillations before winter mixing
reduced their vertical gradients.

Current vectors from the MVMS (VMCM) at 35m are shown in Figure 19. The time
series show clear evidence of rotation. Between JD 200 and JD 240, the currents rotated
counter-clockwise. From JD 250 to 300, the currents rotated clockwise. Time series of
temperature do not display any signature of mesoscale eddy passage (Figure 8). Further
studies are needed to investigate mechanisms of the rotation.

Optical measurements at 73m from a MVMS system are of high quality, but biofouling is
evident in attenuation coefficient and PAR toward the end of the deployment due to the
long duration of the deployment (Figure 20). Fluorescence did not significantly vary on
seasonal time scales, but diurnal and synoptic variability is significant. PAR varied
significantly on diurnal, synoptic and seasonal time scales. Current measurements are not
reasonable, but temperature and salinity appear to be of good quality (Figure 21).

Figures 23-25 show currents from the ADCP for a subset of measurement depths. ADCP
measurements are very consistent with the current measurements from VMCM on the
MVMS system at 35m, showing large variability on both near-inertial and synoptic time
scales and current rotation. The synoptic variability is vertically coherent with almost the
same magnitude in the upper 200m water column. But the near-inertial oscillations
excited were limited only in the upper 60m. The oscillations were mainly excited by the
surface winds and their strengths were further enhanced with the energy trapped in the
very surface layer by the strong stratification, resulting in strong vertical shear.

Summary

This report provides a preliminary description of the data collected during Deployment
#14 of the Bermuda Testbed Mooring (June 1 - November 29, 2001). The data show
typical seasonal changes. Water temperatures in the upper ocean increased significantly
from spring to summer, and then decreased from summer to late fall. Cooling and mixed
layer deepening trends are evident around JD 280 (October 7, 2000). Time series show



that photosynthetically available radiation (PAR), downwelling irradiance and upwelling
radiance generally show the similar seasonal trend. Due to the passage of synoptic scale
weather patterns, air temperature, wind speed and other atmospheric parameters are
variable on these time scales, resulting in similar variations in oceanic parameters such as
PAR, irradiance and radiance.

Horizontal currents show very strong vertical coherence on both synoptic and near-
inertial time scales, but near-inertial oscillations decreased in magnitude with depth after
JD 260, when the wind storm passed through the BTM site.

The data from this deployment will be made available to the oceanographic community
in the near future. The data are being submitted to the U.S. JGOFS database. A
summary of the various deployments, a guide to data reports (with calibration
information) and papers, recent data highlights, and information for potential BTM users
may be found on the following worldwide web site (http://www.opl.ucsb.edu).

Acknowledgments The implementation of the BTM has been supported by the NSF
Ocean Technology and Interdisciplinary Coordination Program (TD: OCE-9627281,
OCE-9730471, OCE-9819477), NASA (TD: NAS5-97127), the ONR Ocean Engineering
and Marine Systems Program (DF: N00014-96-1-0028 and N00014-94-1-0346), the
University of California, Santa Barbara (to T. Dickey, UCSB), the Monterey Bay
Aquarium Research Institute (to H. Jannasch, MBARI), and gifts from the Vettleson
Foundation and the Andrew W. Mellon Foundation (to Tony Knap, BBSR). Special
thanks are extended to John Kemp for his dedication to the mooring activity and to the
Captain and crew of the R/V Weatherbird II for their assistance at-sea.

10



Pertinent References

Publications resulting from the BTM activity are indicated with asterisks. A summary of
the various deployments, a guide to data reports and papers, recent data highlights, and
information for potential BTM users may be found on our worldwide web site
(http://www.opl.ucsb.edu). Note that we have listed the technical reports sequentially (by
deployment number) at the end of the Bibliography.

Bartz, R., J.LR.V. Zaneveld, and H. Pak, 1978, A transmissometer for profiling and
moored observations in water, SPIE, vol. 160, Ocean Optics V, 102-107.

Bartz, R., R.W. Spinrad, and J.C. Kitchen, 1988, A low power, high resolution, in Situ
fluorometer for profiling and moored applications in water, SPIE, vol. 925, Ocean
Optics X, 157-170.

Behrenfeld, M. and P.G. Falkowski, 1997a, A consumer's guide to phytoplankton
primary productivity models. Limnol. Oceangogr ., 42, 1-20.

Behrenfeld, M. and P.G. Falkowski, 1997b, Photosynthetic rates derived from satellite-
based chlorophyll concentration. Limnol. Oceangogr ., 42, 1479-1491.

*Bell, J., J. Betts, and E.A. Boyle, 2000, A moored in-situ trace element serial sampler,
Deep-Sea Res,, in press.

Bocconcelli, A.H. Berteaux, D. Frye, and B. Prindle, 1991, ESOM 1 and 2 final report,
Woods Hole Oceanographic Institution, Technical Report, WHOI-91-34, 85pp.

Booth, C.R., 1976, The design and evaluation of a measurement system for
photosynthetically active quantum scalar irradiance, Limnol. Oceanogr., 19, 326-335.

Brody, E.A., M.C. O’Brien, D.A. Siegel, E.A. Caporelli, and N.B. Nelson, 1996,
Validation of in Situ inherent optical properties in the Sargasso Sea, Ocean Optics
XII, in press.

Chang, G.C. and T.D. Dickey, 1999, Partitioning in Situ total spectral absorption
measured by use of moored spectral absorption and attenuation meters, Appl. Opt.,
38, 3876-3887

Chang, G. C. and T. D. Dickey, 2000, Optical and Physical variability on time-scales
from minutes to the seasonal cycle on the New England continental shelf: July 1996 —
June 1997, J. Geophys. Res., in press.

Chang, G. C., T. D. Dickey, and A. J. Williams, 3rd, 2000, Sediment resuspension over a
continental shelf during Hurricanes Edouard and Hortense, J. Geophys. Res., in press,
2000.

Conte, M.H., N. Ralph and E.H. Ross, 2000, Seasonal and interannual variability in deep
ocean particle fluxes at the Oceanic Flux Program (OFP)/Bermuda Atlantic Time
Series (BATS) site in the western Sargasso Sea near Bermuda, Deep-Sea Res,, in
press.

Deuser, W.G, F.E. Muller-Karger, R.H. Evans, O.B. Brown, W.E. Esaias, and G.C.
Feldman, 1990, Surface ocean color and deep-ocean carbon flux: how close a
connection?, Deep-Sea Res., 37, 1331-1343.

*Dickey, T., 1991, The emergence of concurrent high-resolution physical and bio-optical
measurements in the upper ocean, Rev. of Geophys., 29, 1991, 383-413.

11



Dickey, T., 1993, Technology and related developments for interdisciplinary global
studies, Sea Tech., August, 47-53.

*Dickey, T., 1995, The Bermuda Testbed Mooring program, Bull. Amer. Meteorol. Soc.,
76, 584.

Dickey, T., 2000a, Instrumentation and New Technologies, Chapter 6 in the book,
Oceans 2020, Science for Future Needs, in review.

Dickey, T. D., 2000b, Sensors: inherent and apparent optical properties, in Encyclopedia
of Ocean Science, eds. J. Steele, J. Thorpe, and K. Turekian, in press.

*Dickey, T., D. Frye, H. Jannasch, E. Boyle, D. Manov, D. Sigurdson, J. McNeil, M.
Stramska, A. Michaels, N. Nelson, D. Siegel, G. Chang, J. Wu, and A. Knap, 1998a,
Initial results from the Bermuda Testbed Mooring Program, Deep-Sea Res,, 45, 771-
794.

Dickey, T., A. Plueddemann, and R. Weller, 1998b, Current and water property
measurements in the coastal ocean, The Sea, Ch 14, eds. A. Robinson and K. Brink,

367-398.

*Dickey, T., D. Frye, J. McNeil, D. Manov, N. Nelson, D. Sigurdson, H. Jannasch, D.
Siegel, A. Michaels, and R. Johnson, 1998c, Upper ocean temperature response to

Hurricane Felix as measured by the Bermuda Testbed Mooring, Mon. Wea. Rev., 126,
1195-1201.

*Dickey T.D., G.C. Chang, Y.C. Agrawal, A.J. Williams, III, and P.S. Hill, 1998d,
Sediment resuspension in the wakes of Hurricanes Edouard and Hortense, Geophys.
Res. Let., 25, 3533-3536.

Dickey, T., J. Marra, T. Granata, C. Langdon, M. Hamilton, J. Wiggert, D. Siegel, and A.
Bratkovich, 1991, Concurrent high resolution bio-optical and physical time series
observations in the Sargasso Sea during the spring of 1987, J. Geophys. Res., 96,

8643-8663.

Dickey, T., T. Granata, and 1. Taupier-Letage, 1993a, Automated in Situ observations of
upper ocean biogeochemistry, bio-optics, and physics, and their potential use for
global studies, Ocean Climate Data Workshop Proc., Greenbelt, Maryland, 317-352.

Dickey, T., T. Granata, J. Marra, C. Langdon, J. Wiggert, Z. Chai, M. Hamilton, J.
Vazquez, M. Stramska, R. Bidigare, and D. Siegel, 1993b, Seasonal variability of bio-
optical and physical properties in the Sargasso Sea, J. Geophys. Res., 97, 17,873-
17,887.

*Dickey, T.D., D. Frye, H.W. Jannasch, E. Boyle, and A.H. Knap, 1997, Bermuda sensor
system testbed, Sea Tech., 81-86.

Dickey, T.D., R.H. Douglass, D. Manov, D. Bogucki, P.C. Walker, and P. Petrelis,
1993c, An experiment in two-way communication with a multivariable moored system
in coastal waters, J. Atmos. Oceanic Tech., 10, 637-644.

Dickey, T. and P. Falkowski, 2000, Solar energy and its biological-physical interactions
in the Sea, Chapter 9, The Sea, in review.

*Dickey, T., S. Zedler, X. Yu, S.C. Doney, D. Frye, H. Jannasch, D. Manov, D.
Sigurdson, J.D. McNeil, L. Dobeck, , T. Gilboy, C. Bravo, D.A. Siegel, and N.
Nelson, 2000, High temporal resolution measurements from the Bermuda Testbed
Mooring: June 1994 — March 1998, Degp-Sea Res,, in press.

12



Esaias, W., G. Feldman, R. Frouin, W. Gregg, S. Hooker, and C. McClain, 1995, Ocean
color multisensor data evaluation and utilization plan, Report to NASA Headquarters,
72pp.

Frye, D., S. Merriam, B. Eastwood, J. Kemp, S. Liberatore, A. Bocconcelli, and S.
Tarbell, 1996, The Atlantic Long Term Oceanographic Mooring (ALTOMOOR),
Woods Hole Oceanographic Institution Technical Report 96-02, 88pp.

*Gilboy, T., D. Sigurdson, and T. Dickey, 2000, An intercomparison of three current
measurement systems near Bermuda, UCSB OPL data report.

*Gilboy, T.P., T.D. Dickey, D.E. Sigurdson, and X. Yu, 2000, An intercomparison of
current measurements using a VMCM, an ADCP, and a recently developed acoustic
current meter, J. Atmos. Ocean. Tech., 17, 561-574.

Jannasch, H.W. and K.S. Johnson, 1992, In situ instrumentation for dissolved nutrient
and trace metal analyses in seawater, Proceedings of MarChem'91 Workshop on
Marine Chemistry, eds. S.J. Martin, L.A. Codispoti, and D.H. Johnson, ONR Report
No. ONR 12491-18, 97-124.

Jannasch, H.W., K.S. Johnson, and C.M. Sakamoto, 1994, Submersible, osmotically
pumped analyzers for continuous determination of nitrate in situ, Anal. Chem., 66,
3352-3361.

Keeling, C.D., 1993, Surface ocean CO,, in The Global Carbon Cycle, NATO ASI Series
I, M. Heimann ed., Springer-Verlag, Berlin, 413-429.

Kiefer, D.A., W.S. Chamberlin, and C.R. Booth, 1989, Natural fluorescence of
chlorophyll a: relationship to photosynthesis and chlorophyll concentration in the
western South Pacific gyre, Limnol. Oceanogr., 34, 868-881.

Large, W.G., J. Morzel, and G.B. Crawford, 1995, Accounting for surface wave
distortion of the marine wind profile in low-level Ocean Storms wind measurements,
J. Phys. Oceanogr ., 25, 2959-2971.

Marra, J., T. Dickey, W.S. Chamberlin, C. Ho, T. Granata, D.A. Kiefer, C. Langdon, R.
Smith, R. Bidigare, and M. Hamilton, 1992, Estimation of seasonal primary
production from moored optical sensors in the Sargasso Sea, J. Geophys. Res., 97,
7399-7412.

*McGillicuddy, D.J., A.R. Robinson, D.A. Siegel, H.-W. Jannasch, R. Johnson, T.D.
Dickey, J.D. McNeil, A.F. Michaels, and A.H. Knap, 1998, New evidence for the
impact of mesoscale eddies on biogeochemical cycling in the Sargasso Sea, Nature,
394, 263-266.

*McNeil, J.D., H. Jannasch, T. Dickey, D. McGillicuddy, M. Brzezinski, and C.M.
Sakamoto, 1998, New chemical, bio-optical, and physical observations of upper ocean
response to the passage of a mesoscale eddy, submitted to J. Geophys. Res., 104,
15,537-15,548.

Merlivat, L. and P. Brault, 1995, Multiple sensor autonomous system to monitor carbon
dioxide concentration at the air-sea interface, Sea Technology, October, 23-30.

Michaels, A.F. and A.H. Knap, 1996, Overview of the U.S. JGOFS Bermuda Atlantic
Time-series Study and the Hydrostation S program, Deep-Sea Res. |1, 43, 157-198.

Moore, C., J.R.V. Zaneveld, and J.C. Kitchen, 1992, Preliminary results from in Situ
spectral absorption meter data, SPIE, vol. 1750, Ocean Optics XI, 330-337.

Moore, C.C. and L. Bruce, 1996, ac-9 protocols, Internal report, WET Labs Inc.,
Philomath, OR, 42pp.

13



Mueller, J.L. and C.C. Trees, 1996, Revised SeaWiFS pre-launch algorithm for the
diffuse attenuation coefficient K(490), CHORS Tech. Mem. 006-96, 9p.

Mueller, J.L. and R.W. Austin, 1992, Ocean Optics Protocols for SeaWiFS Validation,
SeaWiFS Tech. Report Series, NASA Technical Memorandum 104566, Goddard
Space Flight Center, Greenbelt, MD, 43pp.

Nelson, N.B., 1996, The wake of Hurricane Felix, Int. J. of Rem. Sens,, 17, 2893-2895.
Nelson, N.B., 1998, Spatial and temporal extent of sea surface temperature modification
due to hurricanes in the Sargasso Sea, 1995 season, Mon. Wea. Rev., 126, 364-1368..
Petrenko, A.A., B.H. Jones, T.D. Dickey, M. LeHaitre, and C. Moore, 1997, Bio-optical
characterization of the particle field in Mamala Bay, HI: effluent and naturally

occurring particles, J. Geophys. Res., 102, 25,061-25,071.

Siegel, D.A. and A.F. Michaels, 1996a, On non-chlorophyll light attenuation in the open
ocean: implications for biogeochemistry and remote sensing, Deep-Sea Res. |1, 43,
321-346.

Siegel, D.A. and A.F. Michaels, 1996b, Quantification of non-algal light attenuation in
the Sargasso Sea: implications for biogeochemistry and remote sensing, Deep-Sea
Res. 11,43, 321-345.

Siegel, D.A., A.F. Michaels, J.C. Sorensen, M.C. O’Brien, and M.A. Hammer, 1995,
Seasonal variability of light availability and utilization in the Sargasso Sea, J.
Geophys. Res., 100, 8695-8713.

Siegel, D.A., M.C. O’Brien, S.A. Garver, E.A. Brody, J.C. Sorensen, A.F. Michaels, E.A.
Caporelli, and N.B. Nelson, 1996, The Bermuda BioOptics Project - BBOP, Ocean
Optics XIII.

*Sigurdson, D.E., D.V. Manov, T.D. Dickey, D.E. Frye, and J. Kemp, 1998, Design of a
near real-time telemetry system for the Bermuda Testbed Mooring (BTM), EOS
Transactions, American Geophysical Union, vol. 79, No 1, OSS85.

Smith, R.C., K.J. Waters, and K.S. Baker, 1991, Optical variability and pigment biomass
in the Sargasso Sea as determined using deep-sea optical mooring data, J. Geophys.
Res., 96, 8665-8686.

*Stramska, M. and D. Frye, 1998, Dependence of apparent optical properties on solar
altitude: experimental results based on mooring data collected in the Sargasso Sea, J.
Geophys. Res., 102, 15679-15691.

*Stramska, M. and T.D. Dickey, 1998, Short-term variability of the underwater light field
in the oligotrophic ocean in response to surface waves and clouds, Deep-Sea Res., 45,
1393-1410.

Steinberg, DK; Carlson, CA; Bates, NR; Goldthwait, SA; Madin, LP; Michaels, AF.,
2000, Zooplankton vertical migration and the active transport of dissolved organic and
inorganic carbon in the Sargasso Sea, Deep-Sea Res., 47, 137-158.

Tabacco, MB; Uttamlal, M; McAllister, M; Walt, DR., 1999, An autonomous sensor and
telemetry system for low-level pCO(2) measurements in seawater, Analytical
Chemistry, 71, 154-161.

U.S. JGOFS Planning Report No. 18, 1993, Bio-optics in U.S. JGOFS, T. Dickey and D.
Siegel (eds.), U.S. JGOFS Planning and Coordination Office, Woods Hole, MA,
180pp.

Waters, K.J., R.C. Smith, and J. Marra, 1994, Phytoplankton production in the Sargasso

Sea as determined using optical mooring data, J. Geophys. Res., 99, 18,385-18,403.

14



Weller, R. and R.E. Davis, 1980, A vector measuring current meter, Deep-Sea Res., 27,
565-582.

Wiggert, J., T. Dickey, and T. Granata, 1994, The effect of temporal undersampling on

primary production estimates, J. Geophys. Res., 99, 3361-3371.

Yentsch, C.S., 1962, Measurement of visible light absorption by particulate matter in the
ocean, Limnol. Oceanogr., 7, 207-217.

Zaneveld, J.R., J.C. Kitchen, and C.C. Moore, 1994, Scattering error correction of
reflecting-tube absorption meters, SPIE, vol. 2258, Ocean Optics XII, 44-55.

Zedler, S, 1999, Observations and Modeling of the Ocean’s Response to Hurricane Felix
at the Bermuda Testbed Mooring (31°44°N, 64°10°W), MA Thesis, University of
California, Santa Barbara, 96 p.

BTM Technical Reports (Sequentially listed by deployment)

Zedler, S., J. D. McNeil, D. V. Manov, T. D. Dickey, G. C. Chang, D. Frye, and H. Jannasch,
Data Report: Bermuda Testbed Mooring- Deployment #3, Technical Report OPL-1-97, 45 pp.,
Ocean Physics Lab., Univ. of Cal. Santa Barbara, Santa Barbara, CA, 1997.

McNeil, J. D., S. Zedler, D. Manov, T. D. Dickey, D. Sigurdson, D. Frye, H. Jannasch, and G. C.
Chang, Data Report: Bermuda Testbed Mooring- Deployment #4, Technical Report OPL-2-
97, 45 pp., Ocean Physics Lab., Univ. of Cal. Santa Barbara, Santa Barbara, CA, 1997.

Zedler, S., J. D. McNeil, D. Manov, T. D. Dickey, D. Frye, H. Jannasch, and G. C. Chang, Data
Report: Bermuda Testbed Mooring- Deployment #5, Technical Report OPL-3-97, 45 pp.,
Ocean Physics Lab., Univ. of Cal. Santa Barbara, Santa Barbara, CA, 1997.

Zedler, S., X. Yu, J. McNeil, D. Manov, T. Dickey, D. Sigurdson, D. Frye, H. Jannasch, and G.
C. Chang, Data Report: Bermuda Testbed Mooring- Deployment #6, Technical Report OPL-5-
97, 45 pp., Ocean Physics Lab., Univ. of Cal. Santa Barbara, Santa Barbara, CA, 1997.

Zedler, S., X. Yu, J. D. McNeil, D. Manov, T. Dickey, D. Sigurdson, D. Frye, and L. Dobeck,
Data Report: Bermuda Testbed Mooring- Deployment #7, Technical Report OPL-3-99, 45 pp.,
Ocean Physics Lab., Univ. of Cal. Santa Barbara, Santa Barbara, CA, 1999.

Dickey, T., S. Zedler, T. Gilboy, D. Manov, D. Sigurdson, J. McNeil, G. Chang, and D. Frye, The
Bermuda Testbed Mooring (BTM) Program: Project Description and Results (Deployments #8
and #9), NASA Technical Memorandum, OPL-1-98, 48 pp., 1998.

Dickey, T., S. Zedler, T. Gilboy, D. Manov, D. Sigurdson, J. McNeil, G. Chang, and D. Frye, The
Bermuda Testbed Mooring (BTM) Program: Project Description and Results (Deployments #8
and #9), NASA Technical Memorandum, OPL-1-98, 48 pp., 1998.

Yu, X., S. Zedler, D. Manov, D. Sigurdson, and T. Dickey, Data Report: Bermuda Testbed
Mooring- Deployment #10, Technical Report OPL-7-99, 49 pp., Ocean Physics Lab, Univ. of
Cal. Santa Barbara, Santa Barbara, CA, 1999.

Yu, X., L. Dobeck, S. Zedler, D. Manov, D. Sigurdson, and T. Dickey, Data Report: Bermuda
Testbed Mooring- Deployment #11, Technical Report OPL-9-99, Ocean Physics Lab, Univ. of
Cal. Santa Barbara, Santa Barbara, CA, 1999.

Zedler, S., X. Yu, S. Jiang, T. Dickey, D. Manov, D. Sigurdson, F. Spada, Data Report: Bermuda
Testbed Mooring- Deployment #12, Technical Report OPL-1-00, 46 pp., Ocean Physics Lab.,
Univ. of Cal. Santa Barbara, Santa Barbara, CA, 1999.

Yu, X., S. Jiang, S. Zedler, T. Dickey, D. Manov, D. Sigurdson, and F. Spada, Data Report:
Bermuda Testbed Mooring- Deployment #13, Technical Report OPL-3-00, 57 pp., Ocean
Physics Lab, Univ. of Cal. Santa Barbara, Santa Barbara, CA, 2000.

15



Table1: List of BTM Usersfor Deployment # 14

I nstrument M easur ement P. 1. Institution
MORS AOP'sat 7Ns(Eqand L) Dickey, Ngjjareta. | UCSB OPL
Radiometers AOP'sat 7\'sL, Dickey , Ngjjar et al. | UCSB OPL, Penn
State
MVMS Currents and optics Dickey, Ngjjar et al. | UCSB OPL, Penn
State
METS Wind speed and direction, air temp, Dickey UCSB OPL
barometric pressure, humidity
TPOD Temperature measurements Dickey UCSB OPL
ADCP Current profile measurements Dickey, Ngjjar et al. | UCSB OPL, Penn
State
Telemetry Radiometer data at surf., 7m, 15m & 35m | Dickey UCSB OPL
telemetry to OPL, WWW, and NASA
Mooring design Mooring design Frye WHOI
MITESS | Trace metalsi.e. Pb, Fe, Al Boyle MIT
MITESS 1l Phase || trace metal sampler Boyle MIT




Table 1 (continued)

MODELING / OBSERVATIONS

General Area of Interest P. 1. I nstitution
Biogeochemical modeling Doney NCAR
Biogeochemical modeling Bissett NRL
Biogeochemical modeling Gnanadesikan Princeton
Biogeochemical modeling Porthun A.-Wegener
(Germany)
Biogeochemical modeling McNames Stanford
Biogeochemical modeling McGillicuddy WHOI
Biogeochemical modeling Mahadevan Univ. Paris-VI
Biogeochemical modeling Archer Univ. Chicago
Chemical sampling with new systems Feely PMEL
Chemical sampling with new systems Wanninkhof AOML
Chemical sampling with new systems Dickson Scripps
Chemical sampling with new systems Chavez et al. MBARI
Chemical sampling with new systems Byrne U. So. Florida
Chemical sampling with new systems Bates BBSR
Optical sensors Moore WET Labs
Bio-optics (Laboratory vs. in situ response of fluorometers to Nelson BBSR
varying chlorophyll levels)/Satellites)
Observations and modeling of photochemistry, biogeochemical | Zafiriow/Taylor WHOI
cycling, and physics
Carbon fluxes Conte WHOI
Carbon fluxes Schulz-Bull IfM-M (Kiel, Ger)
Hurricane modeling Ginis URI
Hurricane modeling Price/Zedler/ WHOI/UCSB

Dickey




Table 2: Instrument Sampling Regimen Chart

Instrument Package |Instrument Sampling Regimen Type of Data stored

SURFACE

METS Campbell Scientific Relative Humidity and Temperature Probe |averages over 5 minutes average
RM Young Wind Speed Sensor averages over 5 minutes average
RM Young Wind Gust max value during 5 minutes raw
Campbell Scientific Vaisala Barometric Pressure averages over 5 minutes average
Li-COR Silicon Pyranometer (SW, 400-1100nm) averages over 5 minutes average
Satlantic MVDS Radiometer (OCI; 7 1) 45 sec at 6 Hz, every hour raw
Li-COR cosine collector 60 sec at 6 Hz, every 15 minutes raw

Compass KVH Compass 1 sample per minute raw

Telemetry ARGOS Transmitter 90 sec and 200 sec raw

SUBSURFACE

MORS Satlantic MORS (OCI/OCR; 7 1) 45 sec at 6 Hz, every hour raw
Li-COR cosine collector 60 sec at 6 Hz, every 15 minutes raw
Li-COR spherical par sensor 60 sec at 6 Hz, every 15 minutes raw
Sea-Bird Electronics, Inc. Pressure sensor 60 sec at 6 Hz, every 15 minutes raw
Sea-Bird Electronics, Inc. Temperature sensor 1 sample/15 minutes raw

MVMS Biospherical Instruments, Inc., PAR sensor 1 sample/3.75 minutes raw
Sea Tech Inc. Fluorometer 1 sample/3.75 minutes raw
Biospherical Instruments, Inc., 683 sensor 1 sample/3.75 minutes raw
Sea-Bird Electronics, Inc. Conductivity (Temperature) sensor 1 sample/3.75 minutes raw
Sea Tech Inc. Transmissometer 1 sample/3.75 minutes raw
Sea Bird Temperature Sensor 1 sample/3.75 minutes raw
VMCM 1 sample/3.75 minutes raw

71 Radiometer Satlantic Stordat Radiometer (OCR; 7 | ) 30 sec at 2 Hz every hour raw

TSKA TSKA (Temperature) 3.75 minutes raw

TidBit Onset 10 minutes raw

ADCP Acoustic Doppler Current Profiler sampling rate= 15 min, bin depth = 3m average




Table 3. Sensor Functionality Summary

Deployment 14 start date: June 1; end date: November 29 (JD 153-334 ref. 2000)

Surface METS Serial Number |Last day of operation |Reason for failure or comments
Temperature and Relative Humidity 2020003 329
Licor Pyranometer (400-1100nm) 31163 329
Barometric Pressure 4350028 329
Wind WM31081 329

Surface MORS

MVDS 1|FULL DEPLOYMENT N/A

OClI 4|FULL DEPLOYMENT N/A

PARd Licor 4937 |FULL DEPLOYMENT N/A

5m Radiometer (7 Lu) 36 281 |battery low
10m Radiometer (7 Lu) 37 287 |battery low
14m MORS

MORS A|FULL DEPLOYMENT N/A

OClI 6|FULL DEPLOYMENT N/A

OCR 83|FULL DEPLOYMENT N/A

PAR scalar 1634 263 |sensor failed
PAR cosine 4938 263 |sensor failed
Pressure 120116 179 |power failed
Temperature 1841 263 |power failed
21m MORS

MORS 3|FULL DEPLOYMENT N/A

OClI 8|FULL DEPLOYMENT N/A

OCR 7|FULL DEPLOYMENT N/A

PAR scalar 1688|FULL DEPLOYMENT N/A

PAR down 4882 |FULL DEPLOYMENT N/A
Temperature 1786 |FULL DEPLOYMENT N/A
Pressure 120111 |FULL DEPLOYMENT N/A

35m MVMS

VMCM 500601 |FULL DEPLOYMENT N/A

PAR 4190 |FULL DEPLOYMENT N/A
Fluorometer 7|FULL DEPLOYMENT N/A

683 Sensor 7021 |FULL DEPLOYMENT N/A
Transmissometer 525|FULL DEPLOYMENT N/A
Conductivity 1409|FULL DEPLOYMENT N/A

73m MVMS

VMCM 500701 |FULL DEPLOYMENT N/A

PAR 4466 |FULL DEPLOYMENT N/A
Fluorometer 16|FULL DEPLOYMENT N/A

683 Sensor 7019 |FULL DEPLOYMENT N/A
Transmissometer 217 |FULL DEPLOYMENT N/A
Conductivity 1093|FULL DEPLOYMENT N/A

Current Sensors

206m ADCP 2513 |FULL DEPLOYMENT N/A

Temperature Sensors

2m Tidbit 216771 |FULL DEPLOYMENT N/A
3m TSKA 259|FULL DEPLOYMENT N/A
8m TSKA 253|FULL DEPLOYMENT N/A
14m Tidbit 216772 |FULL DEPLOYMENT N/A
21m Tidbit 216773 |FULL DEPLOYMENT N/A
35m Tidbit 216774 FULL DEPLOYMENT N/A
47m TSKA 67|FULL DEPLOYMENT N/A
57m TSKA 260|FULL DEPLOYMENT N/A
73m Tidbit 216775 |FULL DEPLOYMENT N/A
102m TSKA 255|FULL DEPLOYMENT N/A
153m TSKA 254|FULL DEPLOYMENT N/A
207m TSKA 258 FULL DEPLOYMENT N/A
254m TSKA 256|FULL DEPLOYMENT N/A

504m TSKA 307|FULL DEPLOYMENT N/A




Table4: MVM S Serial Numbers and Calibration Constants

BTM Deployment 14 (June 1, 2000 — November 29, 2000)

35 meters

Equipment Serial Calibration Constant Date Calibrated
Number
VMCM 500601 a=0.9264065x10° 7/93
(Temperature) b=0.5124885x10
¢=0.1501009x10°°
PAR 4190 y =-0.09108x + 0.00097 02/14/00
wet = -1.02x10" 11/16/99
(quanta/cm?/sec)/V
Fluorometer 07 Reported in volts
683 nm sensor 7021 y =0.00807x + 0.00187 02/14/00
2.315 V/(uW/cm’nmsr)
Transmissometer 525 Air =4.680 zero = 0.002 09/03/99
Conductivity 1409 A = 1.94590889x10° 1/27/00
B = 4.89156812x10™"
C =-3.96525602
D = -8.84985505x10°
M=41
/3 meters
Equipment Serial Number Calibration Constant Date Calibrated
VMCM 500701 a=0.9370354x10°° 2/93
(Temperature) b=0.5094819x10°
¢=0.1515203x10°
PAR 4466 y =-0.01042x + 0.00107 05/26/00
wet = -1.04x10" 11/12/99
(quanta/ cm?sec)/V
Fluorometer 16 Reported in volts
683 nm sensor 7019 y = 0.010146x + 0.0012458
3.774 V/(uW/cm’nmsr) 6/26/98
Transmissometer 217 Air = 4.667 zero=0.000 02/29/00
Conductivity 1093 A = 1.67038438x10° 1/27/00

B = 5.73742607x10™
C =-4.15163767
D = -8.25892718x10°°
M=42




Table5: MORS Serial Numbers and Calibration Constants
BTM Deployment 14 (June 1, 2000 — Novembe 29, 2000)

Surface
Equipment Serial Calibration Constant Date
Number Calibrated
MVDS001 OCl004 ES412.3 32768.0 9.32554x10° 1.00 04/18/00

ES442.5 32767.4 9.09202x10° 1.00
ES490.8 32777.2 9.51204x10° 1.00
ES510.2 32776.2 8.86693x10° 1.00
ES554.6 32777.9 9.15407x10° 1.00
ES665.7 32774.5 9.33957x10° 1.00
ES683.5 32779.1 9.13014x10° 1.00
PAR cosine 4937 air =-230.95 09/01/99
water = -304.85
nominal resistance = 470 kQ




Table5 (continue)

14 meters

Equipment

Serial
Number

Calibration Constant

Date
Calibrated

MORS003

001-
OCI006

ED 412.5 32774.0 5.05691x10° 1.52
ED 442.9 32771.8 6.50014x10° 1.44
ED 490.8 32780.8 5.56965x10° 1.43
ED 509.8 32782.0 4.45517x10° 1.42
ED 554.5 32780.8 3.51191x10° 1.39
ED 665.4 32780.7 4.24192x10° 1.40
ED 682.8 32782.0 4.07715x10° 1.38

04/14/00

002-
OCRO083

LU 412.3 32776.7 7.28312x10° 1.76
LU 442.9 32776.1 6.95010x10° 1.75
LU 490.9 32779.3 7.21828x10° 1.75
LU 509.3 32780.9 3.82834x10° 1.74
LU 554.3 32780.9 2.64098x10° 1.74
LU 665.6 32779.1 4.32273x10° 1.73
LU 683.6 32779.6 4.31440x10° 1.73

04/14/00

PAR scalar

1634

air =-126.58
water = -205.06
nominal resistance = 1035 kQ

02/09/00

PAR cosine

4938

Air =-243.31
Water = -321.17
Nominal resistance = 1452 kQ

02/09/00

Pressure

120116

P=C(1-T,4TH[1-D(1-T /T
C=C,+C,U+C,U?
D:D1+D2U
at 21 °C, case used here
C=602.1345 psia, D=0.018416
T0=27.66532 pusec

APPLY the FOLLOWING EQ TO DATA
PROCESSED WITH ABOVE COEFFICIENTS

FOR CORRECT VALUES:
Y=1.00004* P — 0.08 [units=psi]

CD,To:
11/06/95
Adjustment
(dope and
intercept):
4/30/98

Temperature

1841

a= 3.68141894 x10°

b = 5.89214356 x10*

c = 1.49664516 x10°

d = 2.54770589 x10°®
f, = 5762.950

01/27/00




Table5 (continue)

21 meters

Equipment

Serial
Number

Calibration Constant

Date
Calibrated

MORS004

001-
0OCl008

ED 412.2 32772.7 4.56714x10° 1.52
ED 443.3 32776.8 5.04223x10° 1.44
ED 490.0 32778.1 4.71073x10° 1.43
ED 509.5 32780.3 3.79784x107° 1.42
ED 554.3 32778.5 2.36959x10° 1.39
ED 665.2 32780.5 2.17002x10° 1.40
ED 683.6 32778.7 2.09123x10° 1.38

04/18/00

002-
OCRO007

LU 412.5 32773.6 9.05860x10° 1.75
LU 443.1 32779.0 9.28817x10° 1.74
LU 490.1 32774.1 7.36969x10° 1.74
LU 510.3 32778.3 4.65031x10° 1.73
LU 554.8 32780.4 1.80529x10° 1.73
LU 664.8 32773.3 4.46430x10° 1.72
LU 684.0 32776.4 4.73808x10° 1.72

04/14/00

PAR scalar

1688

Air =-150.15
Water = -243.24
Nominal resistance = 1794 kQ

09/01/99

PAR cosine

4882

air =-224.72
water = -296.63
Nominal resistance = 2291 kQ

02/15/00

Pressure

120111

P=C(1-T,4TH)[1-D(1-T/TH)]
C=C,+C,0+C,0°
D= Dl + Dz@
at 21 C, case used here
C = 462.4604 psia, D= 0.015576,
To = 26.54258 usec
APPLY the FOLLOWING EQ, TO DATA
PROCESSED WITH ABOVE COEFFICIENTS
FOR CORRECT VALUES:
Y=1.00697*P — 2.99 [units=psi]

CD,To:
07/06/95
Adjustment
(dopeand
intercept):
4/30/98

Temperature

1786

a= 3.68141959 x10°
b =5.95336774 x10™
c = 1.54697982 x10°
d = 3.03483438 x10°®
f,=5778.173

01/27/00




Table 6: Radiometer Package Serial Numbers and Calibration Constants

BTM Deployment 14: June 1, 2000 — November 29, 2000

om
Equipment Serial Number Calibration Constant Date
Calibrated
STORDATO0036 OCRO085 LU 412.2 32777.07 1.03899x10™ 1.76 03/31/00
LU 442.8 32770.11 1.06467x10™ 1.75
LU 489.8 32770.93 8.50851x10° 1.75
LU 510.2 32770.00 5.38702x10° 1.74
LU 554.3 32781.79 3.54736x10° 1.74
LU 665.4 32771.78 4.43543x10° 1.73
LU 683.0 32770.00 4.40788x10°1.73
10m
Equipment Serial Number Calibration Constant Date
Calibrated
STORDATO0037 OCRO086 LU 412.3 32772.86 1.04261x10* 1.76 03/31/00

LU 442.7 32771.89 1.03907x10™ 1.75
LU 490.4 32769.29 6.96736x10° 1.75
LU 509.6 32772.06 4.68023x10° 1.74
LU 554.7 32782.01 3.51341x10°1.74
LU 665.0 32770.16 4.35712x10°1.73
LU 683.4 32772.93 4.36404x10° 1.73




Figure 1: Bermuda Testbed Mooring Site Map
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