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Drs. Hugh Ducklow and Deborah
Steinberg, Dept. of Biological Sciences,
joined Dr. Mark Abbott of Oregon
State University to chair the recent
JGOFS Open Science Conference at
the National Academy of Sciences in
Washington, D.C.

The conference, “A Sea of
Change: JGOFS Accomplishments and
the Future of Ocean Biogeochemistry”
celebrated the successful completion of
the Joint Global Ocean Flux Study, a
15-year international effort to better
understand the ocean carbon cycle and
climate change. The meeting was
attended by 332 scientists and students
from 32 countries around the world,
including VIMS graduate students Matt
Church, Rob Condon, Bob Daniels,
Jacques Oliver, Jill Peloquin, Amy
Shields, Sasha Tozzi, and Stephanie
Wilson.

“The conference focused on
JGOFS’ exceptional legacy while also
looking ahead to the crucial questions
that future programs should address,”
says Steinberg.

“JGOFS has been wider, deeper,
and richer than most of us ever
imagined,” says Ducklow. “It mapped
the ocean carbon cycle with unprec-
edented precision and amassed more
than a decade’s worth of high-quality
observations of climate change and
ecosystem transformation. As we
studied ocean biogeochemistry, we

VIMS Scientists Chair
International Science
Conference

learned that our simple views of carbon
uptake and transport were severely
limited, and a new ‘wave’ of ocean
science was born.”

Knowledge gained from JGOFS’
field and laboratory studies is now
being used to support the Synthesis and
Modeling Project, or SMP. The current
and final phase of the JGOFS program,
SMP aims to develop computer models
that can accurately simulate the ocean
carbon cycle and its associated uncer-
tainties.

The U.S. component of JGOFS
was supported primarily by the Na-
tional Science Foundation in collabora-
tion with NOAA, NASA, DOE, and
the Office of Naval Research.

Dr. Deborah Steinberg (R) introduced key-
note speaker Carol Browner, head of the
EPA in the Clinton Administration, during
the recent JGOFS Open Science Confer-
ence. Browner discussed global climate
policy in a lecture at the Smithsonian’s
National Museum of Natural History.

Five high school
students are hard at
work at VIMS this July
as participants in the
2003 Summer
Governor’s School, a
5-week residential
program provided in
cooperation with Christo-
pher Newport Univer-
sity. For 14 years, this
program has been
providing high-achieving
Virginia high school
students with authentic
experiences in marine
research. For more
information visit
www.vims.edu/adv/ed/gs

2003 Governor’s School

Pictured are (clockwise from top L): Cassie Stoddard,
Jessica Lee, and Alicia Beets, Jamie King, and Yassi
Pourkazemi. The students are working with Drs. Rom
Lipcius, Rochelle Seitz, Kam Tang, and with Jacques van
Montfrans and Daniel Ha.

Hurricane waves pose a significant
threat to recreational, commercial, and
military vessels, and can inflict massive
damage to beaches and beach-front
property.

VIMS researchers Dr. Jerome
Maa and graduate student Jun-Young
Kim are now testing whether a new
type of computer model can improve
wave forecasts and thus help mariners
better withstand a windstorm’s fury. As
a lieutenant commander in the South
Korean Navy, Kim takes both an
academic and professional interest in
his work.

The new model, called an artificial
neural network or ANN, is designed
like the human brain to learn from its
experiences and to recognize patterns.
“ANN models are simpler and require
much less computing time than tradi-
tional numerical models,” says Kim.
Their ability to quickly forecast a wave
field makes them particularly promising
for vessels at sea.

The National Hurricane Center
and other U.S. forecasting agencies
currently predict waves using a state-
of-the-art numerical model known as
WAVEWATCH III. But “even these
third-generation wave models aren’t
perfect,” says Kim.

Most importantly, traditional
numerical models require prohibitive
computing time and power. This
drawback is particularly vexing for
naval vessels, which would prefer
wave forecasts on a real-time basis.

Kim estimates that a 2,000-times
increase in computational power would
be required to meet the forecasting
needs of the
navy; an
increase that is
unlikely to
occur any time
soon.

Current
numerical
models also
suffer from the
scientific
community’s
imperfect
knowledge of
the complex
processes
involved in
wave forma-
tion, a defi-
ciency well
appreciated by

anyone who has looked out at the
wind-driven cauldron of spray and
white caps generated by a hurricane or
nor’easter.

“Wind-wave generation is a
complicated non-linear process that we
don’t yet fully understand,” says Kim.
Maa notes that interactions among
waves, transfer of momentum from
wind to waves, and dissipation of
energy from white capping and bottom
friction are the processes that are
understood least.

Attempts to improve traditional
numerical models by incorporating
additional equations, for instance to
account for wave-to-wave interactions,
further increases computing time.

Maa and Kim are trying to sidestep
these problems by using an ANN
model instead.

Unlike current numerical models
that use physically based equations to
calculate wave height, frequency, and
direction, ANNs “simply find the
difference in patterns between ob-
served inputs and outputs,” says Kim.

Maa uses an automotive analogy to
describe the difference between the
two model types. “If you want to
predict how fast a car can go, you can
stand on the street and watch the cars
go by. With practice, just by looking at
a car’s shape you can recognize what
kind it is. If it’s a BMW 850, you know
it can go really fast. That’s ANN
modeling, which is based on pattern
recognition. With a numerical model,
you’d have to know the processes by
which the car works: how its internal

Graduate student Jun-Young Kim and Dr. Jerome Maa (seated) are
testing whether an artificial neural network can accurately forecast
ocean waves.

Pair Use Neural Network to
Predict Hurricane Waves

Continued on page 8
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Editor’s note: The following
citation was read by Dean and
Director Don Wright during VIMS’
annual award ceremony on May
16th.

“Today I have the rare honor to
introduce Dr. Willard A. Van Engel,
one of the true pioneers in the field of
marine science and someone who has
been an integral part of the VIMS
community for the past half century. In
fact, he is one of the individuals
responsible for the very creation of
VIMS itself.

“William W. Warner, author of
Beautiful Swimmers, called Van ‘the
complete estuaries biologist, as much at
home in theoretical discussions with his
scientist colleagues as he is in meeting
with watermen throughout the Bay.’

“At a time when research was
done with slide rules and adding
machines, Van and his colleagues were
on the cutting edge of research in the

Chesapeake Bay. Vans’ early papers
on the blue crab fishery formed the
nucleus of work in the field. Van also
foresaw the need for a fisheries survey
for the blue crab, which has become
the longest on-going data set for the
blue crab, or any other any Portunid
crab worldwide. Van was a pioneer in
many research areas that we now take
for granted, such as the relationship
between recruitment dynamics and
environmental parameters.

“In addition to forging key relation-
ships with the Virginia Marine Re-
sources Commission, industry, and
watermen, Van and his colleagues at
the Virginia Fisheries Laboratory had
the great foresight in the late 1940s to
create what has grown to be the
diverse academic community now
known as VIMS. When Van retired in
1985 at the age of 70 he was the
longest-serving employee at almost 39
years.

VIMS Honors Van Engel with Inaugural
Lifetime Achievement Award

“In 1947, Van accurately
predicted the need for
keeping duplicates and
reprints of scientific papers
and reports in a centralized
location that eventually grew
to be the VIMS library.

“At the American
Association for the Ad-
vancement of Science
meeting in 1948 Van and
others, who at the time
called themselves the
‘Brackish Boys,’ created
what later became known as
the Atlantic Estuarine
Research Society.

“In addition to his service as
educator and researcher, Van has also
made a generous donation to William &
Mary that has allowed for the Van
Engel Graduate Fellowship and Library
Endowment to continue in perpetuity.

“Thank you very much, Van, for all
you have done over the years. We are
delighted to present you with VIMS’
inaugural Lifetime Achievement Award
for your outstanding contributions to
the Commonwealth and the College of
William and Mary.”

Dr. Willard van Engel, or Van, examines a trap beneath
the VIMS Ferry Pier.

photo here?

VIMS By the Numbers.....
♦ 64.6 Water temperature off VIMS’ Ferry Pier on June 1. Normal water

temperature for June 1 is 72.7° F.

♦ $37,810,402 Monetary value of VIMS research grants active during the
2002 fiscal year (416 multi-year awards).

♦ $5,000 Biennial budget of the Virginia Fisheries Laboratory (VIMS’ prede-
cessor) for 1939-1940.

♦ 150 Commercial watermen who collaborate in VIMS’ bounty program for the
invasive marine snail Rapana venosa. The program, which started with 35
watermen in 1998, pays $5 for a live Rapa whelk and $2 for a dead one. To
date, bounty hunters have turned in more than 5,000 specimens, and more
whelks are collected each year.

♦ 36 Number of research vessels in the VIMS fleet.

♦ 7,400,000 Number of bibliographic records available for query by users of
VIMS’ new on-line library database.

♦ 12 Percentage of VIMS graduate students who hail from outside the U.S.

♦ 40 Number of VIMS faculty and students certified for scientific diving.

♦ 300 Approximate number of sea turtles that strand within Virginia’s waters
each year, mostly juvenile loggerheads and Kemp’s ridleys.

combustion engine operates, the rate at
which it burns gas, the thermodynamic
transfer of energy from gas to
wheels.”

In recognizing patterns, ANNs
resemble the human brain. “An ANN
is designed to imitate the brain to learn
from past experiences,” says Kim,
“much like a child learns to recognize
dogs from examples of dogs.” After
these early learning processes, a child
can generalize beyond the family pet
by recognizing other dogs, even an
unfamiliar breed.

In order to teach an ANN to
predict wave height and frequency,
Kim first trains it by entering wind-
speed data for specific storms, like
1999’s Hurricane Floyd, and corre-
sponding wave data as measured by a
set of five NOAA buoys along the
U.S. East Coast. Once the ANN has
“learned” the height and frequency of
waves generated by Floyd’s unique
wind field, Kim repeats this “training”
process with similar data sets from
other Atlantic hurricanes or winter
storms.

As the training continues, the
ANN’s circuits begin to recognize the
characteristic wave pattern that results
from a particular wind field. Once the
ANN “recognizes” this pattern, it can

begin to predict the wave field that is
likely to result from an ongoing or
future storm.

To date, Kim’s ANN model has
shown mixed success. “So far, we are
lucky with winter storms, we can get a
correlation of 80-85% between pre-
dicted and observed waves,” says
Maa. For hurricanes we are not that
lucky yet.” He estimates the correla-
tion between predicted and observed
hurricane waves at about 70%.

The disparity in forecast accuracy
is partly due to differences between
the storms. Whereas winter storms
tend to be large and slow moving, with
evenly distributed winds, “A
hurricane’s wind speed and direction
change drastically with time and
distance to the eye,” says Kim. “That’s
why hurricane prediction is much more
difficult than storm-wave prediction.”

The main problem, though, is a lack
of data. “The performance of an ANN
model depends on how good your data
are,” says Maa. “We are very lucky in
this country because we don’t have too
many hurricanes, but because of that
we also don’t have enough data to fully
observe the pattern.”

Whereas the northwest Pacific
experiences an average of 16 typhoons
a year, the Atlantic basin averages only
5 hurricanes annually. “In Taiwan,
where I come from, we have 1 or 2
typhoons each year,” says Maa. “If

you had a good wave-monitoring
program there for 20-30 years, you’d
get enough data.”

In the meantime, Kim is examining
ways to interpolate between the 10
existing points for which wind data are
available in the western Atlantic.
“There should be a way to use some
type of interpolation to find the waves
at other places,” says Maa. “But what
kind of interpolation we don’t know
yet.”

Despite the drawbacks of ANN
modeling, Maa still thinks Kim’s
approach provides significant value.
“This is one of the first studies using an
ANN model to predict wave height
using the correct wind input,” he says.
“ANN is a technique that can be
applied in many, many areas. We have
the tool now, and a good example to
show how we can use it. Now we
would like to see other people build on
this study.”

Hurricane Waves
continued from page 5
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