Taking the Oceans’ Pulse, With Help From Robot Subs

Watching the Currents

During the summer, strong winds at Monterey Bay, Calif., cause cold water from the ocean
depths to rise to the surface near the bay. The Monterey Bay Aquarium Research Institute
coordinated a four-week research experiment to learn to predict such upwelling patterns.

By KENNETH CHANG

Oceanographers can talk about the ocean
like the climate, describing the arc of major
currents and how phenomena like the warm
waters of El Nifio in the eastern Pacific
evolve over months,

What they cannot do is talk about ocean
like the weather, forecasting whether eddies
in the currents will flow north or south today
or when an upwelling of cold water from the
depths will appear off the coast.

““The weather community is 20, 30 years
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ahead of us,” said Dr. James G. Bellingham, ‘

director of engineering at the Monterey Bay
Aquarium Research Institute in Moss Land-
ing, Calif. “‘And it's a harder problem in the
ocean.”

Now, the rise of robotic submarines may

help scientists open up some of those mys-
teries. By spending hours or weeks in the
depths of the ocean, these subs are able to
gather data of importance to studies as
diverse as the health of fisheries and global
warming,.

Early in August, a fleet of 21 robotic subs
— as well as research ships, airplanes and
satellites — converged on and over Monte-
rey Bay in an ambitious project to try to
understand the complex interplay of cur-
rents, the largest such effort ever.

The 14 participating institutions included
the Woods Hole Oceanographic Institution,
Princeton, Harvard, NASA’s Jet Propulsion
Laboratory and the Scripps Institution of
Oceanography. The Office of Naval Re-
search financed the project.

“It's a fascinating coming together of
people who do their science in very different
ways,” said Dr. Russ E. Davis of Scripps,
which is in San Diego. ‘“We realize the
problems are all interconnected, so no one
person, group or even institution can see
enough of the parts to make sense of them.”

Until now, oceanographers have been at a
severe disadvantage in their efforts to gath-
er data.

Satellites look at oceans globally, but de-
tect conditions at the surface only.

To look farther down, ships tow underwa-
ter platforms of instruments — but that
tends to occur only every few months or
years, and only in small swaths of the ocean.

In some places, instruments tied to the
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ocean floor monitor continuously, but
those tell what is going on only at
those few locations.

“Ocean weather” is important for
several major ecological issues. The
flows of nutrients and microscopic
plants and animals play a large role
in the health of fishing grounds. For
example, a report in the journal Sci-
ence in January argued that the col-
lapse of the sardine industry in Mon-
terey Bay in the 1950’s was primarily
caused by cooling waters of a natural
50-year ocean cycle that drove the
fish away, not overfishing as previ-
ously believed.

Oceans also currently absorb
about half the carbon dioxide pro-
duced by the burning of fossil fuels.
Carbon dioxide is the “greenhouse
gas’” blamed by most scientists for
most of the global warming observed
in the past century. Without a better
understanding of ocean currents, sci-
entists cannot say whether the
oceans can continue to absorb that
much carbon dioxide or whether
they will start belching it back into
the air, accelerating the warming.

Monterey Bay, 60 miles south of
San Francisco, is an unusual envi-
ronment. Unlike the shallow conti-
nental shelf off most coasts, the Mon-
terey Bay sea floor drops sharply not
far offshore to depths of two miles,
resembling a submerged Grand Can-
yon.

The dynamics of the oceans are
more complex than those of the
weather. A weather system in the
atmosphere spans hundreds or thou-
sands of miles wide; the equivalent
in the ocean can be only tens of miles
wide. A wider range of chemical re-
actions occurs in the oceans, and the
dense menagerie of life that inhabits
them further alters the chemistry.

In the $8 million monthlong Monte-
rey Bay project, called an Autono-
mous Ocean Sampling Network, the
scientists sought to understand the
upwelling currents that bring nutri-
ents for plankton from the depths.
The combination of winds blowing to
the south with the rotation of the
earth produces a force that pushes
the warm surface water westward,
away from shore, This allows the
cold water below to rise to the sur-
face. The nutrients lead to blooms of
plankton, which in turn feed fish.

A dozen robotic submarines from
Woods Hole plied the coastal waters.
Their makers call the vehicles glid-
ers. Powered by 250 C-size alkaline
batteries — industrial-grade ver-
sions of what powers flashlights —
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Drew Gashler, a supervisor for autonemous underwater vehicles, opens a robotic submarine’s control panel.

the gliders are parsimonious in pow-
er, which allows them to operate for
weeks at a time.

The torpedo-shaped vehicles,
about two yards long, have two wings
and no propellers. Instead, the glid-
ers rise and fall by pumping ballast
water in and out, and the force of the
water against the wings translates
into a forward motion, about half a
mile an hour. ““It goes as fast as a
good swimmer,”’ said Paul D. Fucile,
a research engineer at Woods Hole.

The gliders measure the tempera-
ture and electrical conductivity of
the water, which tells how salty it is.
Another instrument measures how
much light is available for micro-
scopic plants to photosynthesize. To
count the microscopic plants, known
as phytoplankton, another instru-
ment emits blue light, which js ab-
sorbed by chlorophyll in the phyto-
plankton and re-emitted as red light.

A second set of gliders from
Scripps operated farther out to moni-
tor the interaction of the major
ocean currents offshore with Monte-
rey Bay.

During the experiment, research-
ers from Princeton tested a new
data-gathering strategy inspired by
schools of fish, guiding three Woods
Hole gliders in a triangle formation.
That allowed them to observe varia-
tions in temperature and other prop-
erties extending over several miles,
potentially allowing them to identify
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interesting regions to focus on. “The
idea is to forage for data,” said Dr.
Ralf Bachmayer, a research associ-
ate at Princeton.

Meanwhile, Dorado, a zippier pro-
peller-driven robotic submarine de-
veloped by the Monterey Bay Aquar-
ium Research Institute, made a se-
ries of runs across the bay. (While
Dorado moves much faster and car-
ries a larger suite of instruments, its
batteries run out within one day.) In
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addition to counting phytoplankton,
Dorado also recorded the brightness
of glowing microscopic animals, or
zooplankton, in the water.

Within the bay, phytoplankton and
the zooplankton that eat them live
together, but the data showed a
layered biology outside the bay. The
highest densities of phytoplankton
were near the surface, while the zoo-
plankton, for reasons not yet under-
stood, congregated a bit deeper.

Additional data came from an air-
plane that crisscrossed the bay ev-
ery day and from weather satellites.
To see how they understood all the
data, two computer models, one from
Harvard and the other from the Jet
Propulsion Laboratory, absorbed the
information and tried to predict the
patterns of currents and ocean tem-
peratures in the following days.

Research may shed
new light on fisheries
and global warming.

In some cases, the models di-

‘ verged from reality. In mid-August,

the Harvard model predicted that
warm water squirted out from the

bay would pinch off the cold water

welling up at the bay’s northern end,
but the patch of cold water persisted.

' The Jet Propulsion Laboratory mod-

el produced water temperatures
somewhat colder than observed.

But Dr. Bellingham of the aquai-
ium institute said that “both models
got the general upwelling features
about right,” with the upwelling at
the southern side of the bay, off Point
Sur, stronger than the one at the
north end. The discrepancies of the.
smaller features are ‘‘something
we’re still trying to sort out,” he said.

Dr. Allan R. Robinson, developer
of the Harvard model, said, “By the
middle of the month, we were pro--
ducing quite valid and useful fore—
casts.”” Because oceanographers do.-
not have an unlimited number of
ships and subs, he added, “if you can
forecast for tomorrow and the day
after tomorrow, you can send your
observation assets to the most im-.
portant places.”

Dr. Bellingham said the research--
ers would spend two years analyzing
their wealth of data before reasseni-
bling their fleet of instruments for'a
follow-up project in 2005.

Near the end of the project, the
modelers combined their efforts to
predict boundaries between regions
of water that do not mix, where flows
of currents produce virtual, unseen
“walls.” The scientists then dropped
some drifting instruments in that
part of the bay. To their surprise, at
least one drifter bounced off the
walls almost exactly as predicted.

“Maybe we got lucky on that one,”
Dr. Bellingham said. “It was very
exciting to see. That meant the mod-
el couldn’t be that wrong.”



