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1. Introduction. The impending launch of the JAXA Global Climate Observation
(GCOM) mission represents the next global observation capability for Japanese Earth
science. The GCOM-W (water) and GCOM-C (climate) satellite series will provide
approximately 13 years of remote sensing data, with the latter including the
next-generation Second generation Global Imager (SGLI). SGLI optical measurements will be crucial to the worldwide study of the carbon cycle and radiation budget.
The Fellow has developed state-of-the-art AOP instruments, bio-optical sampling
protocols, plus data acquisition and data processing software, to ensure
next-generation satellite sensors are maintained at the highest accuracy presently
possible for oceanic research. These new capabilities have been field commissioned
or tested as part of the collaboration between the Fellow and the Host scientist.
The Fellow provided a series of Distinguished Lectures on AOP measurements
using above- and in-water techniques at the host institute (Hokkaido University) in
Sapporo, Akkeshi, and Hakodate, as well as Nagoya University and the University of
Tokyo. All these institutes are preeminent centers of bio-optical research in Japan.
The activities conducted at the institutes included the following:
• Practical explanations of both hardware and software, with hands-on participation opportunities for the attendees;
• Field exercises for attendees to practice data acquisition and processing protocols in the presence of expertise provided by the Fellow, the Host, and scientists from the host institute;
• Socratic exercises to promote audience participation and engage students;
• Video and graphical presentations to convey content, wherein the details of the
subject matter can be questioned and reviewed; and
• Distribution of printed materials to provide relevant background information.
The distribution of documentation included a 105 page technical report prepared by
the Fellow and published by NASA as a technical memorandum prior to the commencement of JSPS activities (Hooker 2014).
The Fellow, Host, and collaborators at the host institute are engaged in producing a new global algorithm for ocean color research using a technique the Fellow invented called end-member analysis, which the Fellow has applied to determine the
absorption coefficient of colored dissolved organic matter (CDOM) in water masses.
The new technique was evaluated as part of joint data collection and processing activities with the Host scientist and institute in joint collaborations conducted to-date
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(2011, 2013, and 2014). Discussions regarding the refinement and exploitation of
end-member analyses were part of the JSPS work, as well as an on-going and proposed high performance liquid chromatography (HPLC) round-robin intercomparison
activity. Exploitation of the new technique is anticipated as part of research into using
end-member analyses to derive other water constituents in addition to CDOM. Preand post-cruise discussions for the R/V Hakuho Maru to the Oyashio region
(March-April 2015) and the R/V Multanovskiy to the Sea of Okhotsk (June–July 2014)
will include updates to the end-member algorithm.
The Fellow has commissioned new technology as part of the collaborations
to-date, e.g., the Compact-Propulsion Option for Profiling Systems (C-PrOPS) was
evaluated as part of the TR/V Oshoro Maru campaign to the Arctic (July 2013), and
discussions were held to continue this part of the collaboration. In particular, a new
instrument with 14 decades of linear dynamic range, an unprecedented achievement
for oceanic or atmospheric instruments, called the Ocean Color Underwater Low
Light Advanced Radiometer (OCULLAR) is planned for future (2015-2016) field
campaigns. Another new instrument called the Compact-Hyperspectral Radiometer
(C-HyR) is anticipated to be part of the 2015 fieldwork.
2. Activities. From 8 October to 18 November 2014 (inclusive), the Fellow traveled to
Japan to participate in the following activities:
a) Training of Japanese scientists to improve the deployment of the Compact-Optical Profiling System (C-OPS) and Biospherical Profiler for Radiometric Observations (BioPRO) instrumentation, which the Fellow co-developed
or refined (respectively) with Biospherical Instruments Inc. (BSI);
b) Presentation of a Distinguished Lecture series at Japanese institutions regarding above- and in-water observations of apparent optical properties
(AOPs) with an emphasis on new hybridnamic and hybridspectral instrument
systems, which are based on the microradiometers used in the C-OPS design;
c) Co-leadership of a Bio-Optics Protocols Workshop with the Host (Fig. 1), which
included classroom lectures, laboratory exercises, and field work at the
Hokkaido University Akkeshi Marine
Station (HU-AMS);
d) Training Japanese scientists to use
the data acquisition and data processing software programs the Fellow co-developed with Mr. James
Brown from the University of Miami;
e) Real-time co-development, testing,
Fig. 1. The Host introduces the main purposes of
and refinement of the Compact Sur- the Bio-Optics Protocols Workshop at Akkeshi Maface Loitering Option for Water Sam- rine Station for which Dr. Tomonori Isada was an
plers (C-SLOWS) with Dr. John Mor- essential organizer and participant.
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row (BSI), which involved two Japanese BioPRO systems and Japanese scientists assisting in evaluating the prototype built by BSI; and
f) Scientific meetings at the host institute with Dr. John Morrow (BSI) and the
Host regarding a funded JAXA proposal to make calibration and validation
measurements for the Second Generation Global Imager (SGLI).
Dr. Morrow’s participation was not anticipated when the JSPS proposal was submitted, but he joined the work plan because of the breadth of activities associated with
the bio-optics protocols workshop at Akkeshi Marine Station and the C-SLOWS
concept convinced Dr. Morrow that his direct participation was of high value to BSI.
The Japanese institutes the Fellow visited and the principal scientists involved
with the work conducted were as follows:
1. Hokkaido University Sapporo, Dr. Koji Suzuki, Dr. Takafumi Hirata, and Dr.
Youhei Yamashita;
2. Hokkaido University Akkeshi Marine Station, Dr. Tomonori Isada;
3. Hokkaido University Hakodate, Dr. Toru Hirawake;
4. Hokkaido University Oshoro Marine Station, Dr. Koji Suzuki with logistical assistance from Dr. Shintaro Takao;
5. Nagoya University, Dr. Joji Ishizaka; and
6. University of Tokyo, Dr. Ken Furuya and Dr. Kazutaka Takahashi.
Dr. Morrow participated in the SGLI discussions conducted at the host institute, the
protocols workshop held at Akkeshi Marine
Station, and assisted the Fellow with the
training of Japanese scientists at the host
institute for C-OPS deployments (Fig. 2).
A benefit of the JSPS activities, wherein
the Fellow was able to collaborate directly
with the above-mentioned Japanese scientists, was the creation of the new C-SLOWS
buoyancy system for legacy optical instruments used by the Japanese ocean color
community of practice. The legacy instruments are based on the BSI Profiling Reflectance Radiometer (PRR) series of inFig. 2. The Fellow (center) demonstrating the techniques for deploying a C-OPS instrument (red flota- struments (PRR-800 instruments are used in
tion and neon green sea cable visible) in Akkeshi the BioPRO design). The new C-SLOWS
Bay after the passage of typhoon Vongfong in- system
that the Fellow created and
creased the turbidity of the near-coastal waters from
co-developed with BSI (Dr. Morrow) during
the resuspension of bottom sediments.
the Fellow’s work in Japan improves the data
quality obtained with PRR-600 and 800 profilers by more than an order of magnitude,
as explained below in a separate section.
Team Ishizaka was the inspiration for the new C-SLOWS buoyancy system,
Team Suzuki provided the opportunity for the first field test, and Team Hirawake proSuzuki and Hooker
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vided the field commissioning. BSI is now producing a final commercial version of
C-SLOWS, while Team Ishizaka makes the first operational use of the prototype in
Ise Bay starting 24 November 2014.
3. Schedule. The schedule of the principal activities that took place during the Fellow’s work in Japan was as follows:
• 14–17 October Hokkaido University Akkeshi Marine Station Bio-Optics Protocols Workshop, which included a Distinguished Lecture by the Fellow, expert
presentations, field measurements in Akkeshi Bay from a dock and the TR/V
Misago Maru, training exercises, and laboratory measurements;
• 21–23 October Nagoya University Distinguished Lecture and C-SLOWS design
concept discussions with Dr. Morrow;
• 27–28 October Hokkaido University Sapporo final design of C-SLOWS prototype with Dr. Morrow;
• 30 October Hokkaido University Sapporo Distinguished Lecture;
• 3 November Hokkaido University Oshoro Marine Station C-SLOWS prototype
field test;
• 5–7 November Hokkaido University Hakodate Distinguished Lecture and
C-SLOWS field commissioning;
• 12 November University of Tokyo Distinguished Lecture; and
• 17 November commercial C-SLOWS design discussion with Dr. Morrow.
Additional meetings, discussions, and training exercises took place prior to and after
many of these principal events starting on 10 October and concluding on 17 November, including the writing and distribution of a technical report explaining the
C-SLOWS design concept, and how to use it to achieve improved vertical sampling
resolution with legacy instrument systems,
like the BioPRO from BSI.
4. Workshop. The main purposes of the
Bio-Optics Protocols Workshop at Akkeshi
Marine Station were for the students and
novice practitioners to learn the following:
a) How to deploy the C-OPS instrument;
b) How to analyze the optical data obtained with C-OPS using software the Fig. 3. The Fellow (center) answering a C-OPS data
processing question from Nagoya student Mr. Eligio
Fellow co-developed (Fig. 3);
c) How to collect water samples for la- Mauré (right) during the Bio-Optics Protocols
Workshop held at HU-AMS, as Hakodate student
boratory analysis, and
Mr. Hisatomo Waga (left) looks on.
d) How to determine the absorption coefficient of colored dissolved organic matter (CDOM), phytoplankton, and
non-algal (detritus) particles in the laboratory using a water sample.
The Fellow led the activities associated with C-OPS data acquisition and processing,
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and the Host was in charge of the seawater sample collection and analysis with assistance from Dr. Yamashita from the host institute. The activities were organized
around a Distinguished Lecture by the Fellow, expert presentations by the Host and
Dr. Yamashita, field measurements, training exercises, and laboratory measurements.
Dr. Isada led the overall coordination of the workshop, including preparing for the arrival of the participants with their scientific
equipment and the day-to-day logistics of
conducting the activities.
The field measurements took place in
Akkeshi Bay from a dock near the main
HU-AMS facilities building and from the
TR/V Misago Maru. The at-sea work involved two stations; one near the outflow of
Lake Akkeshi into Akkeshi Bay, and the
other near Cape Aikappu. All seawater Fig. 4. Dr. Isada (center right bending over the rail)
sampling was conducted in relatively shal- deploying the JAXA C-OPS instrument off the stern
low more turbid coastal waters, which was of the TR/V Misago Maru while the Fellow and other
increased by the passage of typhoon Vong- workshop participants look on or assist with coiling
and maintaining a fair lead of the sea cable.
fong approximately one day before the
workshop commenced (Fig. 2). The enhanced turbidity ensured a unique data set
than normally found during the seasonal time period.
5. Lectures. The Distinguished Lecture series provided a comprehensive overview of
ocean color vicarious calibration, algorithm validation, and basic research (CVR) for
next-generation satellite missions. Each lecture provided a description of the new
technologies the Fellow has developed to improve ocean color data products for CVR
activities. The technologies are based on exploiting the ability of a new instrument
called the microradiometer as the foundation for new hybrid instrument designs. Both
above- and in-water hybrid systems deployed on a multitude of platforms were described, e.g., ships, buoys, towers, aircraft, and unmanned vehicles. The new instruments include a hybridspectral system spanning 305–1,640 nm that is capable of
oceanic and atmospheric measurements, as well as a hybridnamic system with 14
decades of linear dynamic range suitable for measurements under moonlight.
An emphasis of the presentations was to demonstrate the highest quality data
products over the greatest spectral range possible. This objective is in keeping with
the expansion of the remote sensing spectral domain into the ultraviolet (UV) and
near-infrared (NIR) for next-generation missions like the Japanese Second generation Global Imager (SGLI). A new algorithm approach based on exploiting spectral
end members with unprecedented resolution during data acquisition and processing
is formulated and validated. The validation data set includes collaborations with
Japanese researchers and involves sampling in marshes, rivers, lakes, reservoirs,
the coastal zone, the ice edge, and the open ocean. The wide range in ecosystems
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establishes the emergence of a new approach for global algorithms, e.g., the absorption coefficient for CDOM, aCDOM., the measurement of which was part of the
Bio-Optics Protocols Workshop (Sect. 4).
The novel approach the Fellow established uses spectral end members of the
diffuse attenuation coefficient, Kd, and was
originally formulated based on Arctic and US
East Coast Data (Hooker et al. 2013). The
end-member approach has proved more
powerful with alternative band sets supporting legacy and next-generation missions.
The data indicate a global aCDOM algorithm
spanning new observations in the Chukchi
Sea, Chesapeake Bay, west coast estuaries,
plus freshwater lakes and rivers is feasible
(Fig. 5). The 2013 Chukchi Sea and North
Pacific Ocean data were collected by the
Fig. 5. The emergence of a global aCDOM algorithm
Fellow and Host during prior expeditions.
based on Kd spectral end members spanning clear
and deep waters (Lake Tahoe, North Pacific, and
Southern Ocean) to turbid and shallow waters (Pinto
Lake, a coastal marsh, and a near-shore estuary
(Elkhorn Slough). The end-member approach permits alternative versions of the algorithm using legacy and next-generation (LNG) band sets, e.g., the
SGLI wavelengths.

6. C-SLOWS. A reliable procedure for obtaining a vertical profile of light parameters
devoid of structural perturbations is to use a
free-fall instrument that is floated away from
the deployment platform (e.g., a ship, dock,
or offshore tower) before measurements are started. To improve the quality of data
products obtained with Japanese optical profilers, the Fellow worked with Dr. Morrow
(BSI) to improve the vertical resolution of the original rocket-shaped Biospherical
Profiler (BioPRO). The improvements included an increase in the data acquisition
rate fro 5 to 12 Hz, plus a redesign of the free-fall buoyancy collar.
The new design of the buoyancy collar was to add internal air bladders, similar to
what the state-of-the-art Submersible Biospherical Optical Profiling System
(SuBOPS) and the Compact-Optical Profiling System (C-OPS) use (Hooker et al.
2010). The hydrobaric air bladders support slow, near-surface descent rates that are
unprecedented in rocket-shaped profilers, and significantly improve the deployment
of a BioPRO in optically complex shallow coastal waters by increasing the
near-surface vertical resolution obtained during profiling. The increase in vertical
resolution, which is in addition to setting the PRR-800 sampling rate to 12 Hz, is provided by the air bladders. The air bladders cause the profiler to “loiter” near the surface, as they slowly compress, and push the terminal velocity deeper into the water
column where surface effects (e.g., wave focusing) are less significant. In other words,
the profiler sinks slowly when surface effects are greatest, and more quickly when
coarser resolution is not a detriment.
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In the BioPRO design (Fig. 6), rather than
dividing the downward irradiance and upwelling
radiance capabilities into two cylinders, the light
apertures are connected in line with power and
telemetry modules to form a single long cylinder.
The buoyant collar provides needed flotation at
the irradiance (“top” or fins) end of the instrument, and the addition of an adjustable weighted
collar to the radiance (“bottom” or nose) end,
produces a rocket-shaped package that falls
through the water column with minimal tilt angles (typically less than 5º). The adjustable
Fig. 6. BioPRO with 19 channels (λ19) showing weighted collar, which can rotate around the
the three light measurements as follows: (1)
nose, has small “wings” to hold the weights. The
the global solar irradiance above the water, z =
+
0 ; (2) the downward irradiance, Ed , at depth z ; weights have holes in them and are attached to
and (3) the upwelling radiance, Lu , at depth z . the wings using a bolt and nut.
The fins provide some protection for the buoyBy design, the system buoyancy must be
ant collar during deployment and recovery, and
adaptable
to allow deployments in both fresh
allow the instrument to be brought to the surface like a kite. (The gray colors provide con- and salt waters, as well as warm and cold
trast for easier interpretation of the schematic
temperatures, which represents a wide range in
and are not indicative of the actual coloring.)
water density and, thus, buoyancy. For the
BioPRO, the wide range of this adjustment is controlled by the combined use of air
bladders, buoyant collars, and weights. Assuming
there are adequate air bladders (these would not
normally be changed except if one failed, for instance),
other gross adjustments of the buoyancy of the system
to achieve a near-neutral condition are normally
performed by adding a strip of lead sheeting to the
bottom of the instrument, covered with multiple layers
of black plastic tape (e.g., Scotch Super 88 vinyl
electrical tape).
The tape secures the lead at the point closest to
the nose wherein the lead does not interfere with
putting a cap on the radiance aperture for dark
measurements and provides a smooth surface for
laminar flow. The circular position of the adjustable
weighted collar, as well as the amount of weight added
to it, are used to “trim” the vertical orientation and
descent rate of the profiler. With respect to Fig. 6, the Fig. 7. The new prototype buoyancy
new buoyant collars (Fig. 7) are longer, and the new air collars with compressible air bladders
stainless steel screens and the
bladders are enclosed within the collar and are, thus, behind
cable harness attached to the wing
not visible. The prototype had stainless steel (SS) hardware on the fins.
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screens covering the air bladders, which provides a frontal view of the new prototype
buoyancy collars (made out of spare custom foam used with SuBOPS and C-OPS)
fitted to a PRR-800.
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