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HEARING ON OCEAN OBSERVING SYSTEMS

THURSDAY, JULY 30, 1998

HOUSE OF REPRESENTATIVES, SUBCOMMITTEE ON FISH-
ERIES CONSERVATION, WILDLIFE AND OCEANS, COM-
MITTEE ON RESOURCES, Washington, DC.

The Subcommittee met, pursuant to notice, at 10:05 a.m. in room
1324, Longworth House Office Building, Hon. Jim Saxton (chair-
man of the Subcommittee) presiding.

STATEMENT OF HON. JIM SAXTON, A REPRESENTATIVE IN
CONGRESS FROM THE STATE OF NEW JERSEY

Mr. SAXTON. The Subcommittee will come to order.

I want to thank everyone for the extraordinary effort in prepara-
tion for this morning’s hearing. And it is primarily because of that
extraordinary effort that we are proceeding with the hearing at a
rather difficult time. It is at this hour the funeral of one of the offi-
cers is being held over in Virginia, so we debated in our mind
about whether we should move forward. But because of the dis-
tances that some of you traveled, and because of the great effort
that went into this morning’s hearing, in preparation for it that is,
we decided to proceed.

The Subcommittee on Fisheries, Conservation, Wildlife and
Oceans is meeting today to conduct an oversight hearing on our na-
tion’s ocean observing systems. The importance of the ocean is
being recognized more each day for the role in the global climate
and environment and the potential uses of the biological and min-
eral resources it harbors.

The United States needs to evaluate its marine observation sys-
tems and determine if the facilities and the technology in our cur-
rent arsenal are sufficient to meet the requirements to understand,
conserve, and use resources in the marine environment.

As some of you are aware, the Oceans Act of 1998, which was
also interesting this week, establishes a commission to evaluate the
state of our oceans research and technology and the laws that gov-
ern marine issues. This bill was approved by the House Resources
Committee yesterday, and we expect it to move quickly through the
House. The input and interest of some of today’s witnesses has
proved invaluable over these past months, and I thank you for the
input and the expert information that you were able to provide us.

However, today’s hearing was called to gain insight into the sta-
tus of the Nation’s oceans observing systems and determining the
needs that exist for a further understanding of the marine eco-
system. By hearing testimony from both the administration and the
scientific community, we hope to better comprehend the direction
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that policy needs to be taken in order to develop more sound poli-
cies when it comes to the ocean and its inhabitants.
We look forward to hearing from each of you this morning and
hearing your perspective on a variety of current observing systems.
[The prepared statement of Mr. Saxton follows:]

STATEMENT OF HON. JIM SAXTON, A REPRESENTATIVE IN CONGRESS FROM THE STATE
OF NEW JERSEY

Good morning. The Subcommittee is meeting today to discuss the status of the
nation’s ocean observing systems.

The importance of the ocean is being recognized more each day for its role in the
global climate and environment and the potential uses of the biological and mineral
resources it harbors. The United States needs to evaluate its marine observation
systems and determine if the facilities and technology in our current arsenal are
sufficient to meet our requirements to understand, conserve and use the resources
in the marine environment.

As some of you are aware, the Oceans Act of 1998 establishes a commission to
evaluate the state of our oceans, research and technology, and the laws that govern
marine issues. This bill was approved by the House Resources Committee yesterday,
and we expect it to move quickly through the House. The input and interest of some
of today’s witnesses has proved invaluable over these past months, and I thank you
for your expertise.

However, today’s hearing was called to gain insight into the status of the nation’s
ocean observing systems and determining the needs that exist to further our under-
standing of the marine ecosystem. By hearing testimony from both the Administra-
tion and the scientific community, I hope to better comprehend the direction that
policy needs to be taken in order to develop more sound policies, when it comes to
the ocean and its inhabitants.

I am looking forward to each of your testimony and hearing your perspective on
a variety of current observing systems.

Mr. SAXTON. As I mentioned earlier, because of other events that
are taking place at this time, I expect that I will be here alone for
most of the hearing; that is, without other members. So I ask your
understanding. And I ask unanimous consent that all Sub-
committee members be permitted to include their opening state-
ments in the record. And, obviously, that will occur.

[The prepared statement of Mr. Young follows:]

STATEMENT OF HON. DON YOUNG, A REPRESENTATIVE IN CONGRESS FROM THE STATE
OF ALASKA

I would like to compliment Chairman Saxton for holding this oversight hearing.
In light of the fact that the Oceans Bill was reported from the Resource Committee
yesterday, this hearing is very timely.

The science community’s needs to study the widely unknown ocean must be estab-
lished in conjunction with the Ocean Commission that we hope to pass. By coordi-
nating the efforts of the scientific community and the elected officials both here and
outside Washington, a more concerted effort can be developed.

Without widespread understanding of the oceans, many problems, ranging from
fisheries conservation to those of pollution, will go either completely unaddressed or
inadequately resolved. Therefore, through the testimony we will hear today, I am
optimistic that we will gain some perspectives from the Administration and also
some valuable insights into the needs and hopes of the scientific community.

I look forward to hearing from this extraordinary group of witnesses that have
been assembled today.

[The prepared statement of Mr. Pallone follows:]

STATEMENT OF HON. FRANK PALLONE, JR., A REPRESENTATIVE IN CONGRESS FROM
THE STATE OF NEW JERSEY

Mr. Chairman,

Thank you for holding this hearing today on such an important and timely issue,
the oceans. Our oceans are critically understudied and while they cover roughly
three fourths of the planet, observations have lagged far behind those on land.
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If anyone doubts the importance of ocean observations, they need only to look as
far as our most recent El Nino predictions. These predictions, based on models and
ocean observations, gave state and local managers the information they needed to
take precautionary measures before disaster struck, saving millions of dollars and
countless lives.

There are yet other ocean observations that have yielded tremendous benefits.
The Ocean Drilling Program has produced sediment cores to study long-term cli-
mate variability. Submersible observations have discovered hydrothermal vents
where entire communities of unique marine organisms flourish. These organisms
which live without sunlight, and under intense heat and pressure, show tremendous
promise in the cutting-edge field of biotechnology.

Past ocean observations have also yielded exciting medical benefits. Today over
half of all new cancer drug discoveries are coming from marine organisms. Further
research in this area could lead to even further breakthroughs.

At the National Ocean Conference in Monterey, California, the President an-
nounced several initiatives to explore, restore and protect our ocean resources. I am
particularly interested in two initiatives announced: Exploring the Last U.S. Fron-
tier and Monitoring Climate and Global Warming.

I look forward to hearing from today’s witnesses on the current state of our ocean
observations, what areas need additional research, and what partnerships are tak-
ing place to meet these needs.

Mr. SAXTON. We are going to hear something a little unusual this
morning. One of our witnesses, Dr. Gagosian, the director of Woods
Hole Oceanographic Institute, will be showing us a film on some
recent undersea research taken by the scientists there. It will take
about 5 minutes. Immediately following the film we will introduce
the first panel.

I would like to introduce the film. Are we all set? We have two
monitors. So it looks like we are all set. You might want to dim
the lights a bit, and we will go ahead and watch this video.

Dr. GAGOSIAN. Mr. Chairman, I have been asked today to speak
to the issue of the deep sea. For this video presentation, I will
present how we explore the deep sea floor 2 to 3 miles below the
surface of our blue planet and what we see down there. During my
testimony, I will talk about why we need to explore the deep sea
and what technical improvements we need to produce the best
science.

But first, what tools do we need to explore this blue planet? How
do we explore our inner space where buoyancy is important and
gravity is not? We use human-occupied vehicles. HOVs, like Alvin,
with its support vessel Atlantis, Alvin is part of the National Deep
Submergence Facility located in Woods Hole, Massachusetts. Alvin
holds three people, two scientists and a pilot, and can dive to a
depth of 14,000 feet. It averages roughly 180 dives a year. It can
explore 86 percent of the ocean floor.

The National Deep Submergence Facility also has remotely oper-
ated vehicles and autonomous vehicles. You are all familiar with
the remote vehicle Jason. It was used to explore and discover the
Titanic. Jason has a depth capacity of 20,000 feet, can operate 20
hours a day, and is tethered to the ship with a fiberoptic cable. It
works by a team approach both on the ship and on land. It is
linked by satellite to a global audience.

And there are autonomous vehicles, such as the autonomous
benthic explorer, Abe. It is untethered. It drops off the side of the
ship, goes through the water column, goes down to the bottom of
the ocean, goes into a cradle, and goes to sleep, wakes up on com-
mand, and runs around the bottom of the ocean sensing different
events that occur down there.
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Another example is REMUS, the remote environmental moni-
toring unit. There are several in operation. This is a cartoon, if you
will, an animation of a futuristic robotic colony on the sea floor.
What you are seeing here in the black sections are the areas cov-
ered by side scan sonar used to map the sea floor topography. The
use of these robotic colonies clearly is for mine warfare and moni-
toring earthquakes, as a couple of examples, as shown here; also
to monitor waste dump sites. You can also see from this particular
animation the autonomous benthic explorer involved in this sur-
veying the bottom of the ocean in this futuristic effort.

Now let’s talk about other advances in technology. Cameras. The
Titanic was discovered in 1986 by Woods Hole Deep Submergence
Laboratory, headed by Bob Ballard. This is a low-light video, high-
altitude imagery of Titanic. Remember, Titanic is 2% miles below
the ocean floor water.

In the early 1990’s, broadcast quality three-chip cameras came
along, and as you can see, there is extraordinary clarity with re-
spect to the 1986 video. There are a lot of particles in the water.
And so these new camera systems have allowed scientists to look
at things and ask questions they were not able to do just 5 years
earlier. So due to progression in wider area and angle views, clarity
and resolution, and higher light power, a scientist can do, as I men-
fioned, things they could not even dream of doing 5 to 10 years ear-
ier.

An excellent example of this is the telemotor. This is linkage to
the rudder of Titanic. The steering wheel is attached to it. Note the
clarity of the bolts. I would like to remind everyone in the room
that this is 2% miles below the ocean surface. It is not in my office.

One of my favorite pictures is this cup which is found in the de-
bris field of Titanic. If you look carefully, you will not only see the
white star, but you will be able to read “White Star Line.”

Another example of the use of this technology is in a forensic sur-
vey that was just completed of a bulk cargo carrier named the
Derbyshire, 964-foot, 2,000-ton iron ore and bulk carrier which
sank off Okinawa in a typhoon in 1980 in 14,000 feet of water.
This, by the way, is HDTV of a half-inch cable from that sunken
carrieﬁ*‘; Forty-four lives were lost. The question is why and how did
it sink?

One hundred thirty-seven thousand digital still images and 500
hours of color and HDTV video imagery were taken, and as you can
see, it is really quite extraordinary, the detail. This is a fracture
in the hatch cover at, again, 14,000 feet. This is a plastic tie wrap.
Those lines are 1 millimeter apart.

The synthesis of the imagery, and you will see in a moment the
bow section, has allowed the people that were working on this
pr(l)ject to understand why and how it sank. Now, that is the tech-
nology.

Let me take you to a place where few people have been before,
where the heat of the earth drives this engine creating a 40,000-
mile-long volcanic mountain chain below the sea surface at an av-
erage depth of 2% miles, the longest mountain chain on earth,
moonless mountains. These are areas where hot lava is entering
the ocean from deep below in the earth’s interior creating under-
water mountains. You probably think this is a volcano on earth,
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but actually it isn’t. It is 2% miles below the ocean’s surface. It is
at the underwater volcanoes where new sea floors are made. It is
the most hostile environment on earth.

This is the world of hydrothermal vents. They were discovered
just 20 years ago, where sea water circulates deep below the ocean
floor through cracks in the crust from previous earthquakes, recy-
cling and heating the water to 700 degrees Fahrenheit as it rises
to the surface. The pressure is 5,000 pounds per square inch. It is
a world of metal sulfides, iron, zinc, copper, and silver, as they con-
dense in the cold water creating chimneys that grow several stories
high at the rate of a foot a week.

It is also the world where bacteria is the basis of life. And what
you are seeing here is thick bacterial mat, not snow. It is also
where chemical reactions, not light, provide the energy for life. It
is a world of incredible diversity and density, where over 300 spe-
cies have been found, two-thirds of which have never been seen be-
fore, with an overall growth rate as high as the most fertile rain
forest in the world.

It is a world of unusual animals, like these tube worms that you
are seeing here, which can grow up to 14 feet. They grow at a rate
of an inch a week. They are the fastest growing invertebrates on
earth. These organisms coexisted with the dinosaurs. Vent orga-
nism fossils have been found in 400-million-year-old ore deposits.

This never-dreamed-of oasis of life has created a whole new
thinking of the origin of life on this planet and the possibility of
life on others. The red tips, by the way, I might add, are hemo-
globin.

This is another kind of worm. This is an Alvinella worm, named
after Alvin. The tip of this worm is in 34 degree Fahrenheit water,
and the tail is in 175 degree Fahrenheit water, and it is only 2 feet
long, the highest known temperature in which an animal has sur-
vived. And a 140-degree Fahrenheit gradient over a 2-foot body
length is extraordinary.

Higher up in the food chain, as you can see, are crabs.

The red light, by the way, is a laser from Alvin. It is used to ma-
neuver the submarine.

So these cameras are indeed our microscopes under the sea. And
this extraordinary picture of a shrimp actually is a great example
of that. Shrimp, I might add, on the midocean ridge of the Atlantic
are teeming in their masses as they feed on bacteria. There are lit-
erally thousands of them. The light on their backs is thought to be
coming from light-seeking sensors which attract them to the vent.

There are golden-colored mussels, as well. They do not feed on
the bacteria like the shrimp, but the bacteria reside inside them,
producing the mussels’ food source. They grow as large as a 12-inch
dinner plate.

So, only 20 vent sites have been explored on this 40,000-mile
mountain chain. Many more have been hypothesized. Imagine the
discoveries to come. This is the earth at night, and it shows pretty
clearly how much more we have to explore on the planet ocean.

Thank you.

Mr. SAXTON. Doctor, thank you very much. That was impressive,
to say the least, and we thank you.
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Doctor, we understand that you are going to be here with us and
be part of the second panel. And, so, we look forward to chatting
with you further.

Permit we to welcome Mr. Farr aboard, my ocean partner. I am
his ocean partner. One way or the other. Anyway, we work closely
together and have been, for the last several weeks, seing a lot of
each other.

Let me just introduce the first panel at this time. No stranger
to the members of the Committee, Dr. Jim Baker, Under Secretary
of Oceans and Atmosphere, Department of Commerce; Dr. Rita
Colwell, Director of the National Science Foundation; and Rear Ad-
miral Paul Gaffney II, Chief of Naval Research, United States
Navy.

We remind each of you that, for purposes of keeping things
going, we operate here under 5-minute rule. Obviously, your entire
written statement will be included in the record, but if you would
try to summarize it in the allotted 5 minutes, we would be most
appreciative.

Dr. Baker, why do not you begin.

STATEMENT OF D. JAMES BAKER, UNDER SECRETARY FOR
OCEANS AND ATMOSPHERE, DEPARTMENT OF COMMERCE

Dr. BAKER. Thank you, Mr. Chairman, for this opportunity to
testify on ocean observations and related activities and also to
highlight some of the details from the National Ocean Conference.

Mr. Chairman, I know you had planned to attend the National
Ocean Conference. I am sorry your schedule would not allow you
to be there, but I would like to, in my short testimony here, sum-
marize some of the results that came out of that important meet-
ing.

But let me say first that this wonderful film that Bob Gagosian
just showed is a perfect example of the kind of partnership that we
have between the Federal Government, the oceanographic institu-
tions, and the academic community that work so well.

The Woods Hole Oceanographic Institution, the Scripps Institu-
tion of Oceanography, and you will also be hearing from Rutgers,
are three examples where Navy, NOAA, NSF and other agencies
all work together to make new things happen; and it could not hap-
pen without that long-term partnership that has worked very well.

Let me start by saying that the support of this committee has
been critical to the successful forecast of El Nino this past year.
Our array of buoys in the tropical Pacific called the Tropical At-
mosphere Ocean array, the TAO array, provide the key data for re-
searchers and NOAA forecasters to provide the first-ever forecast
for E1 Nino.

This forecast has brought important economic returns to the
country and has introduced ocean and climate science to homes
across all regions of the United States. Just one example, benefits
to the Nation’s agricultural industry alone of the forecast are esti-
mated to be somewhere between $240 and $266 million. That is
just for one forecast.

But despite recent advances, our understanding of the surface
and interior ocean, the variability of the ocean, and the interaction
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with the atmosphere and of the subsurface processes and resources
is just at the beginning.

Recognizing this fact, President Clinton and Vice President Gore,
at the recent National Ocean Conference, launched several major
initiatives for the exploration, restoration, and protection of Amer-
ica’s ocean resources. These measures will provide new scientific
insight into the ocean, open new opportunities for jobs and eco-
nomic growth, and also preserve our oceans for all time.

We are proposing an additional $224 million through 2002 to
support these efforts beginning in fiscal year 2000. The initiatives
particularly relevant to ocean observations are exploring the last
U.S. frontier and monitoring climate and global warming.

Understanding our ocean observation programs will require some
discussion of the tools and processes used for observation. The tools
include submersibles, profiling floats, buoys, state-of-the-art sat-
ellites. They are all in a process of almost constant evolution as our
abilities to understand the oceans deepen and our needs for sci-
entific data expand.

In addition to these tools, NOAA has created various partner-
ships with various agencies, oceanographic institutions, univer-
sities, and other countries to share the responsibilities of resources
that ocean observations require. And I am pleased that we have
been able to start a new joint institute at Woods Hole Oceano-
graphic Institution, an important new activity for us.

The El Nino observing system is focused on the tropical Pacific
Ocean, but scientists recognize a climate variability results from
interactions among different oceanic regions. So improved predict-
ability requires the integration of observing systems over all of the
oceans which need to be combined to create critical climate infor-
mation for all of the U.S. and foreign climates.

We need to have a system, Mr. Chairman, in the ocean that is
as good as the atmospheric system that we have today. Thus, in
1998, the International Year of the Ocean, all of the agencies are
committed to participating in the building of a global ocean observ-
ing system that is essential to improving the basis for our climate
forecasting. This observing system will include what we have today
provided by NOAA, Navy, the National Science Foundation, and
other agencies, plus new profiling autonomous tide gauge circula-
tion explorer floats. These are floats that float in the midwater.
They go up and down. They are profiling. They are independent of
any connections, so they are autonomous and they float with the
currents. They promise a very cost-effective approach for large-
scale ocean measurements.

At the conference in Monterey, the President proposed an addi-
tional $12 million to expand the array of these floats in the north
Pacific and north Atlantic. This new array will provide the back-
bone of the sustained global ocean observations needed to improve
climate forecast skill.

In addition to these sea surface and satellite-based platforms,
NOAA has developed a suite of undersea ocean observation sys-
tems. Submersible and hydroacoustic technologies supported by all
the agencies have brought scientists to a new frontier in fields of
underwater research. Recent advances have allowed us access to
thousands of square miles of virtually unexplored sea floor re-
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sources. With strong congressional support, NOAA has maintained
sea floor observatories and is providing significant new support for
various efforts, including the Aquarius, the long-term environ-
mental observatory off New Jersey, and the VENTS program in
sites along the Pacific coast.

The costs of ocean observation programs are high, and NOAA is
not fully able to fully underwrite the costs alone. Therefore, we are
working in cooperation with our sister agencies and other nations
on oceanographic research and satellite observations.

Mr. Chairman, as we move to a more global ocean observation
system, we must learn enough about the ocean to design such a
system. The World Ocean Circulation Experiment was a good start.
Now scientists have proposed the next steps, which NOAA is
pleased to help with. The Global Ocean Data Assimilation Experi-
ment, called the GODAE, will create a means to provide up-to-the-
minute analysis of ocean conditions. We are committed to sup-
porting this effort through our Oceans Observation Program.

Part of this will also be the Climate Variability and Predict-
ability Experiment, CLIVAR, the leading international scientific
program. These will the basis for the next step, and NOAA will be
a partner. A critical limiting factor for improved climate and
weather predictions is our limitation on computing power. We need
better computers, and we will be working to make those happen.

Mr. Chairman, let me conclude with a note about living marine
resources, a special interest of yours. More efficient management of
our Nation’s living resources would result from better information
about the current status of biological and physical components of
the marine environment. We need to have better fisheries stock as-
sessment information to manage fisheries.

On average, our fishery vessels, as you know, are more than 34
years old. We are looking for ways to replace the capability of the
vessels. We have a team that has been doing that. Admiral Craig
Dormand recently reviewed NOAA’s plan and strongly supported
our need for acoustically quiet vessels. The report supports con-
struction of four dedicated fishery research vessels. In Monterey,
the President proposed $194 million to do the design and construc-
tion of those new vessels.

Mr. Chairman, your timing for holding this hearing, after a very
powerful El Nino and before what we are forecasting to be a La
Nina event, the flip side of El Nino, underscores how vital congres-
sional leadership will be in ensuring the long-term sustained in-
vestment that science requires for ocean observations.

The CLIVAR experiment, the GODAE experiment are critical to
these; and we are prepared to be a partner. The President has indi-
cated his support for ocean observations. We are prepared to un-
dertake his specific proposals.

I commit to you that NOAA, through our laboratories and our
academic partners, will work with our sister Federal agencies rep-
resented here today, we will work closely with NASA and DoD,
with satellites, and we will be looking closely to work with the pri-
vate sector in collecting, disseminating, and applying ocean data.
We will work with the Congress and the administration to imple-
ment these plans.

Thank you very much.



9

Mr. SAXTON. Dr. Baker, thank you very much.

[The prepared statement of Dr. Baker may be found at end of
hearing.]

Mr. SAXTON. Dr. Colwell.

STATEMENT OF RITA COLWELL, DIRECTOR, NATIONAL
SCIENCE FOUNDATION

Dr. CoLwELL. Chairman Saxton, as the newly confirmed NSF di-
rector, I am still sort of wet behind the ears, so I particularly ap-
preciate the opportunity to testify today on this very important
topic of ocean monitoring and assessment, and in particular the
substantial, very fundamental role that the National Science Foun-
dation plays in the Nation’s oceanographic monitoring and assess-
ment capabilities.

In fact, this hearing speaks very directly to one of the most excit-
ing themes that has emerged from the past decade of ocean
sciences research, and that is the complexity and variability of the
oceans, so dramatically demonstrated in the video Dr. Gagosian
just showed us.

Frequently, we find significant physical, chemical, and biological
variations on very small spatial scales, as small as a half a mile.
It is clearly impossible to monitor the entire global ocean or even
coastal waters with minute spatial resolution. For that reason, it
is important to understand the underlying processes sufficiently
well to be able to interpret them. This allows researchers to make
a small number of key observations that will very reliably tell us
over time how the system works. The research supported by NSF
helps us determine what measurements will best characterize
changes in the ocean and, more importantly, how many measure-
ments are required and where they should be located.

A good illustration, I think, is the NSF-funded Tropical Ocean
Global Atmosphere, the TOGA program. As its name implies, this
research program is focused on the physical processes occurring in
the tropical ocean and the atmosphere. TOGA enabled us to recog-
nize the forces that underlie the El1 Nino phenomenon, which in
turn led to the design and deployment of the existing El Nino
Southern Oscillation, the ENSO, observing system.

The question is, how can we possibly monitor such a vast and
complex system as the oceans? A helpful way to characterize the
scientific requirements is to consider three classes of monitoring
systems. One is that we need sustained monitoring that provides
data to detect the subtle changes that occur over a period of a dec-
ade or so in the short term. These measurements can provide early
warning of changes in the earth’s system.

Then along with that, we need selected long-term observations
that allow us to predict changes in the oceans and weather systems
and to be able to alleviate negative impacts. For instance, this
year’s El Nino activity is a very good example of the long-term ob-
servation that allowed us to make predictions.

And finally, we need measurements, observations, and experi-
ments to help us understand the physical, chemical, and biological
processes that were responsible for the changes. An associated
challenge is tracking what is going on in the miles and miles of
ocean that exist between sensors. This is an area in which we have
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seen remarkable innovation over the past 5 years. That innovation
was primarily fueled by the needs of the World Ocean Circulation
Experiment, WOCE.

At this moment there are about 500 robotic vehicles distributed
over thousands of square miles of the north Atlantic oceans. These
drift along with the ocean currents about a half a mile below the
ocean’s surface; and about every 2 weeks, each one of these small
instruments pops up and rises to the surface collecting data on
temperature and salinity as it moves up to the surface; and then,
via satellite, these data are transmitted, as well as the position of
these instruments, to investigators on shore. After being on the
surface for about a day, they are sent back down to a profiling
depth of about half a mile. And this cycle goes on month after
month after month.

So these examples, in conclusion, demonstrate how technology is
changing the way we do oceanography. Permanent sea floor observ-
atories, new optical and acoustical imaging methods, long-term
moorings, deep-diving manned submersibles, satellite communica-
tions, robotic vehicles, these are all vehicles for discovery that NSF
supports.

I will conclude by saying we are in a time of very rich opportuni-
ties for research in oceanography. We have seen, in a very rapid
series of events, hurricanes, droughts, floods, destruction of coral
reefs, coastal erosion, climate change, El Ninos, fisheries decline
and in some cases simply collapsing, and also human health ef-
fects, an area of personal interest. We can now use ocean moni-
toring to predict cholera epidemics. So there is a very close linkage
between what we study in the oceans and the welfare of human
populations. These are all phenomena that are affected by, and in
some cases controlled by, the oceans.

The United States oceanographic investigators are world leaders.
We do not lack talent, ideas, or plans, and given the adequate re-
sources, the future is spectacular for discovery and understanding.

Mr. Chairman, thank you very much for the opportunity to share
with you and the members of the Committee the exciting research
that 1s being supported by NSF. The testimony will be, of course,
in the record; and I would be very pleased to answer any questions
you might have. Thank you.

Mr. SAXTON. Thank you very much, Dr. Colwell. It does not
sound like you are wet behind the ears. Thank you for being here.
That was great testimony.

Dr CoLWELL. My pleasure.

[The prepared statement of Dr. Colwell may be found at end of
hearing.]

Mr. SAXTON. Admiral Gaffney may proceed.

STATEMENT OF REAR ADMIRAL PAUL G. GAFFNEY, II, CHIEF
OF NAVAL RESEARCH, UNITED STATES NAVY

Admiral GAFFNEY. Good morning, Mr. Chairman and Mr. Farr.
Thank you for the opportunity for me to appear before you this
morning to talk about a topic that is very dear to me, our oceans.
I would like to begin by showing you a graphic.

This graphic represents our planet. The green part is the land,
and the blue part is the water, a little more than two-thirds of our
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planet. It is about 197 million square miles, this whole disk. If you
can see that little white square on there, that is the amount of the
water part of our planet that has been imaged or completely ex-
plored since we have been alive on this planet, or since anyone has
been alive on this planet. It is about 5 percent, a little bit more
than that.

Again relative to the same size, this is the moon. It represents
all sides, top, bottom, backside, and front side of the moon. It is
equivalent to about 11 percent of the ocean, twice as much as we
have surveyed of our ocean. It has been completely imaged, 100
percent, front side, back side, top, and bottom.

I will leave this for your grandchildren.

Mr. SAXTON. We would like to share that with some of the folks
that were here with us yesterday.

Admiral GAFFNEY. We have, in fact, characterized 100 percent of
the ocean. We have used satellite altimetry to characterize it at a
resolution of about 15 kilometers. But 100 percent of the moon has
been characterized at 100 times better resolution than we have
characterized our entire planet. This concerns me, and I believe we
should do something about it.

The Navy has long considered the study and exploration of the
oceans to be a required competency. We must do it. We do not do
it because we love it. We do not do it because it is interesting. We
do not do it because we have a charter. We do love it. It is inter-
esting. We do not have a charter. But we do it because it is the
foundation that provides information required for every single
Navy and Marine Corps operation that you can imagine.

Over the past 50 years, we have invested billions of dollars in re-
search, instrument and technique development, global ocean sur-
veys, data archiving, and predictive capabilities. The results of
these efforts are seen in many ocean monitoring tools and plat-
forms used around the world in civil and military oceanography.

For example, SWATH bathymetry, SWATH sonar, laser line scan
optical scanners, sensors, the global positioning system, acoustic
thermometry, long-range acoustic monitoring, deep stable moor-
ings, some of the people in this room and the institutions that they
represent have developed these for us, to name just a few.

In the future, and I will make a commitment right now for the
future, for the Navy, we are committed to an ocean science and
technology program that is robust. It is a national responsibility,
we think, that the Navy has. It is a core capability the Navy must
foster. We will focus on understanding the processes of the ocean
and develop the tools to better understand those processes.

We will continue to rely on ships and manned submersibles.
Frankly, I am quite worried about that part of our repertoire of
tools at this point. But long-term ocean monitoring and assessment
need other tools as well, companion tools, tools like those that come
from our investment in autonomous systems that can either be
moored or drifting or independently moving, small unmanned sys-
tems, as Bob Gagosian showed you in his videotape that started
this session off.

We are currently working on networks of inexpensive autono-
mous underwater vehicles through a program called the Autono-
mous Ocean Sampling Network. Also on the horizon are new re-
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mote sensing instruments, such at the Naval Earth Map Observer
Satellite, or NEMO, which will provide hyperspectral images when
it is launched in the year 2000.

NEMO is interesting because it is a partnership between the
Navy, the Office of the Secretary of Defense, and industry, each
sharing in the cost of about a $120 million effort, the government
coming up with about $60 million of that and industry coming up
with about $60 million.

It is interesting, because like most big oceanographic programs,
no one group or agency can support all the cost alone for oceano-
graphic research, ship operations, surveying, and modeling that
needs to be done on a global scale to address the issue that we are
testifying about today. We formed partnerships with agencies and
institutions like those represented on this panel today and through
programs such as the National Ocean Partnership Program, which
was actually born out of a set of hearings that this Subcommittee
participated in a couple years ago. NOPP, the National Ocean Part-
nership Program, is unique in that agencies that are working to-
gether can actually create critical mass to address our neglected
ocean.

The Navy is proud to have taken an organizational and financial
lead in the early parts of the NOPP, but our partners are strong
partners in NOAA, and our vice chairman seated right here at the
table, Dr. Jim Baker, NSF, NASA and six other agencies are step-
ping up to the plate with us.

At the National Ocean Conference, I mentioned a notion that we
should begin the millennium with a focused exploration and map-
ping effort, 100 percent coverage of one important area near our
United States, a necessary baseline, a precursor to long-term moni-
toring.

I hope to see the National Ocean Partnership Program agenda,
and its leadership council on their agenda, a discussion about the
coordination of Federal ocean monitoring efforts, how they can be
comprehensively sustained, and how we can comprehensively base-
line them before we start.

It will take decades to understand the majority of our water
planet as well as we understand the moon today, but we need to
begin.

Thank you for the opportunity to be here. My formal testimony
is submitted for the record, sir; and I am looking forward to an-
swering any questions you may have.

Mr. SAXTON. Admiral, thank you very much.

[The prepared statement of Admiral Gaffney may be found at
end of hearing.]

Mr. SAXTON. Since you referred to the National Ocean Partner-
ship Act in the latter part of your testimony, let’s just begin by ex-
ploring that some.

The National Ocean Partnership Act, obviously, was established
pursuant to legislation that passed the Congress in 1995. I am just
curious as to generally how you view it in terms of how successful
it has been, how has funding worked out, how much was requested
by the partnership, how much was added by Congress.



13

Just in general, can you fill us in on the details, what your level
of resourcing is, what you need, and how well you think things are
going?

Admiral GAFFNEY. Yes, sir.

Well, we started out, of course, with initial—some initial Navy
money and money added by the Congress that was not in the Presi-
dent’s budget for the first couple of years. The Navy has increased
its contribution from $5 million to $10 million, and we intend to
have, for as long as we can imagine, $10 million or so in the Presi-
dent’s budget as our contribution to the National Ocean Partner-
ship Program.

We have a different budget development process in the other
agencies, and we are able to, I would say, react faster, not to be
pejorative, but to act faster to the opportunity of the partnership
act. So we got our money in, and the other agencies are adding
money out of whole cloth, if you will, not separate line items yet.
But we note that there are requests in from several agencies to add
to that program.

We have had great cooperation among the several agencies.
While it has been principally Navy money or Navy money plused-
up by the Congress but put in the Navy line item, all of the agen-
cies have worked to select the programs. It would be hard to imag-
ine any oceanographic program that would not be Navy-relevant.
So we are very happy to spend our money in a deliberate way, de-
bating it with our fellow agencies.

Good results have come out in education, in data exchange and
ocean monitoring, and a great dialogue has gone on that I have not
seen in my 25 years in this town involved with oceanography.

Mr. SAXTON. Thank you.

Dr. Baker, Dr. Colwell, would any of you like to comment?

Dr. BAKER. Thank you, Mr. Chairman.

I think this has been a wonderful example of pulling together the
agencies and having an interaction also with the academic commu-
nity. And the role of Admiral Watkins has been absolutely critical
in making this happen, and I would like to thank him for that, be-
cause this gives us a formal structure to work from, the partner-
ship program, which has started in the Navy. And the Navy has
done a very good job of accepting the leadership there.

Other agencies, like NOAA have proposed funding for the part-
nership program and, hopefully, will be able to make that happen.
And the National Ocean Leadership Council, which involves a vari-
ety of different members, I think, is another piece of this proposal
or this current structure which I think can be very useful in help-
ing advance the ocean’s agenda.

Dr. CoLweLL. I would add that the National Science Foundation
is pleased to be one of the Federal partners in the National Ocean-
ographic Partnership Program, in NOPP. In fact, the NSF is con-
tributing half a million dollars to its funding the awards that came
out of the NOPP interagency program announcement.

And in addition, NSF has contributed about $200,000 toward the
NOPP Educational Drifter program and $100,000 to the Ocean
Science Bowl, which is a nationwide high school science competi-
tion.
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NOPP is really a very critical component of bringing resources
together. We are very pleased to be active in it, and I also com-
mend Admiral Watkins for his leadership.

Thank you.

Mr. SAXTON. Thank you.

Before I ask my next question, let me just observe that Mr.
Delahunt has joined us. And I am supposed to ask unanimous con-
sent that he be permitted to sit. So asked.

The gentleman from Massachusetts, Cape Cod and Martha’s
Vineyard and Nantucket, to us sailors known as the land of fog.

Mr. DELAHUNT. And Woods Hole.

Mr. SAXTON. And Woods Hole. And incidentally, if you have
never tried to sail past Woods Hole in the fog, you need to try that.

Also, I might note that Karen Steu