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Professor Seiichi Kanari and Ocean Turbulence Measurement

Dr. Kanari was invited to the Department of Geophysics, Hokkaido Univer-
sity, as a professor of physical oceanography in 1980. He was expected to lead
the newly founded physical oceanographic section. At that time, physical
oceanography was a missing ring for the Department of Geophysics. It was
like painting a new picture on a vacant canvas.

Among numerable possible fields in physical oceanography, he chose small
scale turbulence in the ocean as the main theme of the section. Small scale
turbulence plays important roles even in large scale phenomena in the ocean.
In the basic equations describing the motion of sea water or evolution of
temperature and salinity, there are so called mixing terms or diffusion terms.
Usually, they are represented in Laplacian form, but it is just a parameteriza-
tion. Moreover, in many cases, the coefficients are set to constant values, which
no researcher believes true.

These approximations are used not because they are enough accurate to
describe real mixing process. Researchers working on numerical models of
large scale ocean circulation, know how much their results depend on these
coefficients. Then, why do we use simple form of mixing with fixed
coefficients? It is simply because we have very little knowledge about small
scale turbulence and mixing process due to it. So, this problem has been a kind
of taboo, among physical oceanographers.

But, if they are so important, why measurements of turbulence have not
been made so much? Because they are very difficult to measure. The history
of measurement of turbulence in the atmosphere, especially in its lower bound-
ary layer, is much older. It is comparably easier to make a fixed point in the
atmosphere by building a tower. It is possible to measure high frequency
variation of air temperature, for example, using a very sensitive sensor. In the
ocean, however, it is difficult to fix a sensor.

Recently, the circumstance surrounding physical oceanography changed
substantiality. Application of physical oceanography had been remaining much
more indirect compared to meteorology. Numerical ocean models were not
required to be so realistic. They were tools to solve complex and non-linear
equations, rather than tools to simulate and examine real world. As climate
changes become important issues, and important roles of ocean in climate
changes are widely recognized, the situation changed completely. Now, ocean
models are used as parts of climate prediction models, in which ability to
simulate real ocean is strongly required.
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Especially, demand for accurate simulation of sea surface temperature is
increasing, as it plays a key role in air-sea interaction. For it, ocean surface
mixed layer should be reproduced well. Many types of mixed layer model are
tried recently. However, if the measurement of real ocean turbulence is
missing, the development of mixed layer models are not expected.

Professor Kanari was among a few researchers who feel the needs and start
to challenge this difficult task. After a few years of preparatory experiment, he
began designing a new equipment. These devices are called by many names,
like “micro structure profilers”. Here in this article, I would like to call them
“turbulence profilers”. The profiler is designed to free fall slowly in the ocean,
measuring tiny scale fluctuations of temperature, salinity and current shear.
Data are recorded in IC memory in the profiler. After reaching a certain depth,
it drops a weight and comes up to the sea surface to be recovered. To make
the recovery easier, the profiler is tied to a thin fishing thread, which is winded
by fishing reel to pull the profiler to a research vessel. When the profiler is
descending, the thread is slacken so that it does not affect the free falling of the
profiler.

The above description may not give you an impression that it requires very
delicate design and careful handling. However, the sensors need to be very
sensitive, but should be tough enough to be used in rough condition. The
profiler should be free from any kind of noise, such as wave motion at the sea
surface or vibration of ship engine. It is not easy to design a device fulfilling all
these requirements.

Professor Kanari is not only a admirable scientist, but also is a superb
electronic and mechanical engineer and an experienced ocean observation
technician. Without any one of these elements, the profilers had not be finished
and observations with them had not been successful. Different from the
researchers in the other countries, who have technician working for them, he
needed to be all of them by himself.

He used his profilers in many places. Among them, the observations in the
Western Tropical Pacific need a special mention. The region is attracting
attentions of many researchers as the key area for development of El Nifio
events, as unstable air-sea interactions are believed to start in this area. The
area is also known as an ocean with very thick ocean surface mixed layer.
Measurements of turbulence in the mixed layer are very important for the
investigation of the air-sea interaction process, as sea surface temperature
which is affected by behaviors of mixed layer, plays a key role in the air-sea
interaction.
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His profilers were used in several cruises in this region. Especially, in the
TOGA COARE intense observation period {(Nov.1992 to Mar. 1993), in total
more than hundred casts of observations are made at the fixed point at the
equator, 165°E, from R/V Hakuho-maru and R/V Natsushima. In each cruise,
observations cover 14 days and 9 days, respectively, with rate of 4 casts a day,
for a few days 8 casts a day. These observations provide nice time series of
turbulence distribution in the upper ocean including the mixed layer. The
observed field of turbulence explained the evolution of the mixed layer consis-
tently. It is shown that a mixed layer model can reproduce the evolution of the
mixed layer better, when observed turbulence is used in the model.

It should be specifically mentioned that during this intense observation
period, international inter-comparisons of this type of turbulence profilers were
made twice between Japanese and American groups. These are the first inter-
national inter-comparisons of ocean turbulence profilers. These comparisons
showed reasonable agreement between profilers. The meaning of these com-
parisons is not small. As there is no other practical mean of measuring ocean
turbulence, there is no way to know whether these profilers measure real ocean
turbulence. Along with the fact that these observations explain evolution of
mixed layer, these inter-comparisons give strong impression that now oceano-
graphers get a reliable tool to measure ocean turbulence.

Professor Kanari’s challenge for better profilers did not stop there. He
constructed a few more profilers, one of which can measure turbulence, T-S
profiles, and current profiles simultaneously. It is expected to give us valuable
information about ocean circulation, which should play important roles in
climate changes with longer time scale, such as decadal oscillation or global

warming.
Kensuke Takeuchi
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