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REVIEW AND COMMENT

OpTIiCcAL OCEANOGRAPHY:
THE STATE OF THE SCIENCE

The issue most critical to understanding ocean
optics as a pure science is the issue of closure.

By Richard W. Spinrad
Program Manager for Ocean Optics, Code 1125A0.

Office of Naval Research, 800 N. Quincy St., Arlington, VA 22217.

A group of merchant marines and a Jesuit
priest started a scientific revolution aboard the
vessel L’Immacolata Concezione during a six
week voyage in 1865. The priest, a scholar by the
name of Angelo Secchi, with the able assistance
of the crew of the ship, repeatedly lowered several
weighted disks of different colors and sizes into
the Mediterranean and made some fascinating
revelations about the color and clarity of the sea
water at different locations as a function of such
variables as solar elevation and sea state (Secchi,
1866). The measurement of Secchi depth, asithas
come to be known, (i.e. the depth, in meters, at
which a calibrated white disk of specified diame-
ter and reflectance is no longer visible when
lowered and observed on the ship’s sun side) is
still, nearly 125 years later, one of the most
common measurements of hydrologic optics.
Nonetheless, the method of its deployment obvi-
ates the very subjective nature of the data. To this
end scientists have endeavored to develop ever-
more accurate optical techniques to address the
needs of the many disciplines that are oceanogra-
phy. The science of optical oceanography has
developed overthe last half century as an interdis-
ciplinary field characterized by rapid changes in
techniques and adaptation of new technologies.

All four of the traditional oceanographic sci-
ences have embraced optical oceanography as an
independent source of measurements and vari-
ables. Examples of the applications of optics
include tracking of particle layers to demonstrate
the existence and magnitude of deep ocean cur-
rents, (e.g. Biscaye and Eittreim, 1977; Weath-
erly et al., 1980), the quantification of sediment
transport (e.g. Spinrad and Zaneveld, 1982), the
spatial signature of thermal vents (Baker et al.,
1985), the science of bio-optics, originally de-
fined by Smith and Baker (1978), by which the
measurement of sunlight at depth and biological
primary productivity may be accurately modeled
and predicted, and marine photochemistry, in-
volving the study of the energy transfer between
radiance input and chemical species transforma-
tion in the photic zone. The examples given above

are just a very small representation of the integral
role ocean optics plays in the marine sciences
today. Inany overview of the field of ocean optics
there are three issues that that should be ad-
dressed: a) the history/evolution of the field; b)
the significance of the “technology transfer” aspect
of marine optics and, most importantly; c) the
issues critical to the enhancement of optical ocean-
ography.

The field of optical oceanography is reasonably
new and unknown. In the middle of the 20th
century many oceanographers (themselves anew
breed) began to experiment with traditional opti-
cal techniques in application to their new prob-
lems. Originally, the use of optics in the sea was
restricted to either shipboard laboratory quantita-
tive assessments of discrete samples drawn from
the water column (e.g. absorption or fluorescence
measurements such as those described by Yentsch
andRyther, 1959, and Yentschand Menzel, 1963),
orrelatively lower resolution measurements made
in situ with newly developed sensors (e.g. the
photographic nephelometers of Bauer and Morel,
1967 or Thorndike and Ewing, 1967 which pro-
vided some of the first data revealing the nature of
intermediate particle layers in the open ocean).
The latter half of the 20th century has been a
period of burgeoning development in the design
of high resolution, in situ optical probes for ma-
rine research. Researchers in Denmark (including
Jerlov, Kullenberg, and Hojerslev) took a strong
lead in the development of light scatter meters.
Simultaneously the bastion of optical oceanogra-
phy in the U.S., the Visibility Lab at Scripps
(whose notable researchers have included S.Q.
Duntley, Rudy Preisendorfer, Ray Smith, Ros
Austin, Jim Mueller, Karen Baker and numerous
others) worked closely with the Navy inresearch,
development, testing, evaluation, organization
and analysis using of a wide variety and large
number of integrated optical systems designed to
measure the complete suite of parameters defin-
ing the spectral radiance field. During the 1970’s
and 1980’s new technologies (e.g. lasers, photo-

- diodes and the general miniaturization of electro-



optical components) have allowed the optical
oceanography community to develop highly so-
phisticated and accurate sensors (including beam
transmissometers, fluorometers and spectral ra-
diometers designed to measure total, as well as
upwelling or downwelling radiances and irradi-
ances) which are now adequately energy-effi-
cient to be deployable on long term moorings.
The effort in developing new instrumentation has
exploded in the last ten years (as evidenced by the
incorporation of at least two privately held firms
solely dedicated to research, development and
manufacturing in the field of hydrological optical
instrumentation: Biospherical Instruments, Inc.
and Sea Tech Inc.).

Additionally, the advent of satellite sensing
techniques has given birth to the need for a strong
remote sensing algorithm support base and ground
truth capability within the ocean optics commu-
nity. Current efforts in this field are aimed at in-
creased resolution and application of ocean color
interpretation. and the development of powerful,
low-cost, portable airborne remote sensing sys-
tems.

The laboratory is where the hydrologic optics
community has, perhaps, been most creative in
transferring technologies. Processes such as the
absorption due to water and dissolved or sus-
pended particles (including phytoplankton), or
the variability of light scatter within and between
phytoplankton species, or the expected behavior
of a photon penetrating the sea may best be
answered in the controlled laboratory environ-
ment. These three examples dramatically demon-
strate how technologies have been adapted from
other fields for use in ocean optics. Ongoing lab
programs in light absorption are using methods
such as high precision photothermal and pho-
toacoustic measurements to determine the spec-
tral absorption of sea water. Flow cytometry
(“borrowed” from the biomedical community
where it is used in blood monitoring and oncol-
ogy) has provided a groundbreaking tool for
single cell observations of such phenomena as
intracellular chlorophyll-a packaging and envi-
ronmental control on phytoplankton refractive
indices. Theoreticians in ocean optics, working
on various aspects of radiative transfer, now
routinely use simulation techniques (e.g. Monte
Carlo) and image processing methodologies trans-
lated and modified from applications tradition-
ally used in particie physics and optical engineer-
ing.

As indicated above, the issues facing the ocean
optics community today include those applying
to fields for which optics is a valuable tool as well
as those issues of immediate importance to sim-
ply understanding ocean optics as a science unto
itself. The former issues have been touched upon,
briefly, in the discussions above. The issue most
critical to understanding ocean optics as a pure
science is the issue of closure. Simply defined,
closure is that characteristic of optical oceanogra-
phy by which all of the linear and non-linear

optical processes in the sea come to summation
and energy is conserved. Specifically, the sources
(e.g. sunlight, skylight, fluorescence. biolumi-
nescence, Raman scatter, Brillouin scatter, etc.),
the sinks (spectral absorption by particles, water
and dissolved material) and the distributions
(transmission, reflectance out of the sea and vol-
ume scatter) must all be measurable and mutually
compatible on a photon-budget basis. Addressing
closure is a formidable task. The first necessary
step is agreement in methodologies and measure-
ments. Tothis end, forexample, parallel efforts in
the measurement of spectral absorption are pres-
ently being undertaken with the goal of achieving
high resolution and complete spectral coverage
through some degree of redundancy. Similarly,
renewed empbhasis is being placed on previously
neglected processes such as Raman scatter in an
effort to adequately account for all sources and
sinks of energy regardless of biases toward their
insignificance established by historic paradigms.
Generally the issue of closure has induced a need
for a more holistic approach to optics. Complete
measurements of absorption, total scatter and at-
tenuation are yet to be tested for closure even at
one wavelength, where there is no non-linear
input (in a monochromatic system theory states
that attenuation = absorption + scatter). This is
not only a significant problem for the ocean
opticians; lack of closure even in the monochro-
matic system implies that either the measure-
ments of absorption, scatter and/or attenuation
are in error (which would be important to all the
biologists, chemists, physicists and geologists
using those optical measurements) or, that the
very basic theory of light attenuation is in error
(doubtful).

In the field there is still a paucity of data to
adequately define the optical variability of the
sea. The various sources of variability (e.g. spring
phytoplankton blooms, sediment transport, aco-
lian transport of terrestrial dust) are reasonably
well defined but their dynamic behavior is inade-
quately documented. Several major projects have
been and will be underway to look specifically at
optical variability (e.g. BIOWATT and Marine
Light Mixed Layer) and hopefully additional
multidisciplinary programs (e.g. STRESS. BE-
COST, GOFS and WOCE) will also observe
processes and manifestation of optical variability
in the sea. In short, there is a need to enlarge the
data base of marine optics.

The final thrust in ocean optics is one incorpo-
rating the knowledge gained from the closure
effort with the measurements made in the field to
yield a new capability in optics: predictability.
Predictability requires the enhancement of ongo-
ing modeling efforts.

The goal is the development of robust models
that do not suffer from being overly general. The
predictability that is gained from such models of
the future will be of immeasurable value to the
whole research community.
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A POST-GRADUATE VIEW [ CONTINUED FROM PAGE 13 |

Thirdly, graduate schools need to recognize that entering stu-
dents come from a variety of backgrounds, each with its own
inherent strengths and weaknesses. Some allowance must be
made for this in the graduate curricula.

One step that has been taken in this direction by the Joint
Program is the introduction of amath course in the first summer,
designed to help ensure that students do not start their first
semester with a disadvantage in this area. Finally, departments
offering bachelor’s degrees in oceanography should track their
graduates and see how they have fared in their further education
and careers. This information, along with statistics from gradu-
ate departments of oceanography on the rate of acceptance of
applicants and the fate of the admittees, classified by under-
graduate major, should be useful in future evaluation of under-

graduate programs.
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strength toasociety in their own specialty. A new society would
provide a mechanism for evaluating this strength, for focusing
it , and maximizing its application. The changes which can be
brought about in the world of social organizations by the
activities of The Oceanography Society could well be compa-
rable to the changes which were brought on-campus by the es-
tablishment of oceanography departments.

As in the universities, where all departments cooperating in
the marine sciences saw those programs strengthened by the ex-
istence of an oceanography department in their midst, itis likely
that the ocean-oriented programs of brother societies would be
strengthened by their association with The Oceanography
Society. A broader and deeper basis for support of all applica-
tions of ocean science, engineering, and technology could be
tapped.

The potential of oceanography seems unlimited. The oceans
constitute a major part of our planet. Understanding and fully
utilizing the oceans will require all the knowledge of the basic
sciences and all of the skills of engineering and technology. To
obtain appropriate support and to seek this understanding
effectively requires the coordination and focusing of the many
different participating institutions and societies. A missing
element has been a dedicated Oceanography Society.
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