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Summary and Findings
,

OVERVIEW

In the past two decades oceanography has
yielded a treasure of knowledge about the ocean
and its resources. Once viewed as relatively static,
the ocean is now seen as a dynamic environment
actively affecting climate, geology, food and re-
source supply, and environmental quality. Con-
tinued research and monitoring of the ocean to
understand further its influence on the Earth has
become a vital endeavor.

Oceanography itself is a large, diversified field
of investigation, encompassing many disciplines.
In this report, the term oceanography includes
all of the federally supported activities (except
classified military work) that involve collecting
data about the oceans and conducting experi-
ments in the oceans. These activities range from
standard surveys needed for producing maps and
charts, to data collection on the sea surface or
above for weather predictions, to basic research
or experiments conducted by universities and
Federal agencies on marine biology, chemistry,
geology, geophysics, meteorology, and physical
oceanography.

Determining how to manage such oceano-
graphic activities, however, involves considera-
tions not present 20 years ago. For, in addition to
new information, the thrust in oceanography has
generated new programs and technologies, dra-
matically changing the practice of ocean science
and data collection. Scientists no longer work in
isolated groups, using simple equipment. In-
stead, research teams from Government, indus-
try, and academia share information gathered
from technologies ranging broadly in complexity
from sample bottles to satellites. Oceanographic
programs now require long-range planning, con-
siderable funding, sophisticated data manage-
ment and analysis, specialized personnel, and
coordination of effort among agencies whose pro-
gram functions and needs frequently overlap. In-
creasingly, oceanographic research involves in-
ternational cooperation particularly in global

monitoring efforts such as those needed for
climate studies.

Federally funded ocean research is conducted
by private research institutions, universities, and
Federal agencies — all with varying goals and
functions. These organizations use a variety of
oceanographic technology, defined for this as-
sessment as stations, vehicles, instruments, and
equipment used in oceanography. This includes
completely engineered systems, innovative tech-
nologies, and new inventions as well as adapta-
tions of equipment originally developed for other
fields.

This report details the OTA assessment of
present capabilities and future needs for federally
funded ocean research, surveying, and monitor-
ing. The assessment focuses primarily on the pro-
grams of the eight Federal agencies most actively
engaged in oceanography, and it addresses the
p rob l ems  o f  e f f ec t i ve ly  and  economica l l y
using and maintaining appropriate  oceano-
graphic technology.

To complete the assessment, OTA requested
that each Federal agency engaged in oceano-
graphic research provide a description of its pres-
ent programs, budgets, and plans, particularly as
they related to providing technology for oceano-
graphic research and data collection. The re-
sponses from these agencies provided the neces-
sary information base for this assessment. Subse-
quent analyses of technologies and selected na-
tional programs provided the assessment findings
and identification of issues.

Some agencies were not included in the assess-
ment—in particular, the U.S. Army Corps of En-
gineers and the Maritime Administration in the
Department of Commerce. The missions of these
two agencies were considered of only marginal
relevance to the principal subjects addressed.
Although the Corps of Engineers was not covered
in the program discussions, some of its work is
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noted in this report where appropriate. Military tant topics discussed later in detail, and the find-
systems and classified information were not cov- ings are from the analyses performed during this
ered at all. The following sections are summaries assessment. References and other documentation
of and findings from each of the major chapters appear in the subsequent chapters.
in this report. The summaries highlight impor-

AGENCIES, PROGRAMS, AND BUDGETS

Summary

To conduct systematic and reliable oceano-
graphic studies, the Federal Government has a
sizable investment in programs and supporting
technology. At present, the Federal ocean effort
consists of approximately 90 programs conducted
primarily by the following eight Federal agencies:

●

●

●

●

●

●

●

●

U.S. Coast Guard (Department of Transpor-
tation),
Department of Energy (DOE),
Department of the Interior (DOI),
Environmental Protection Agency (EPA),
National Aeronautics and Space Adminis- ‘
tration (NASA),
National  Oceanic and Atmospheric  Ad-
ministration (NOAA) (Department of Com-
merce),
National Science Foundation (NSF), and
U.S. Navy (Department of Defense).

The oceanographic programs conducted by
these agencies receive varying levels of emphasis.
To simplify a review of the large number of ocean
programs, OTA has classified them into nine
broad categories  according to their  pr imary
emphases:

●

●

●

●

Technology Development programs created
specifically to provide technological support
to Federal programs in oceanography, in-
cluding the design, construction, testing,
and deployment  of  hardware and other
equipment.
Ocean science programs to advance scien-
tific knowledge.
Weather and climate programs dealing
with the collection and analysis of oceanic
and atmospheric data.
Energy and mineral resources programs to

●

●

●

●

●

explore and develop nonliving natural re-
sources for the ocean.
Environmental quallity programs to im-
prove or enhance the quality of the oceans,
Great Lakes, and coastal regions.

Fisheries resources programs to develop
food resources from the oceans and the
Great Lakes.

Public service programs organized especial-
ly to communicate with the public and to
assist the public in the solution of ocean-
related problems, including marine safety.

Managemen t and enforcementt programs
to manage or assist in managing marine re-
sources or to enforce laws and regulations
pertaining to the coastal and ocean en-
vironments.

Agency support programs to support either
the efforts and missions of the agency in
which they are located or the efforts of other
Federal agencies,

Since many programs perform tasks outside
their primary missions, a single classification does
not always adequately represent a total program.
For example, some agencies support general
technology development efforts, while others,
like the U.S. Navy and U.S. Coast Guard, have
strong technology development programs which
are directed only toward their own mission needs.

The interdependence of programing and tech-
nology creates problems for Federal agencies
when programs identify needed technologies that
require many years of development to become
operational. Such long leadt imes mean that
agencies need to engage in long-range planning
for research and to demand close cooperation
among prospective technology users.
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Estimated Expenditures of Federal Marine Programs: by Agency–by Category-Fiscal Year 1980
(in millions of dollars)

Agency
Coast

Category Guard DOE DOI EPA NASA NOAA NSF Navy Total
Agency support. . . . . . . . . . . . . . . . . . . . . — $ 2 $ 70 $ 4 – $ 68 – $139 $283
Energy and mineral resources . . . . . . . . . 43 44 — — — — —

$ 1= 18
87

Environmental quality. . . . . . . . . . . . . . . . 4 28 – 20 – – 206
Fishery resources . . . . . . . . . . . . . . . . . . . — — 12 — — 45 — —
Management and enforcement . . . . . . . . 477 — 41 — — 130 648
Ocean science. . . . . . . . . . . . . . . . . . . . . . — — — — — 4 $ 1 0 6  8 8  198
Public service. . . . . . . . . . . . . . . . . . . . . . . 686 – 19 — 214 — — 919
Technology development. . . . . . . . . . . . . 59 – – – $24  13 – 10 106
Weather and climate . . . . . . . . . . . . . . . .  — — — — — 20 – – 20

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1,358 $ 63 $190 $ 32 $ 24 $514 $106 $237 $2,524

SOURCE: Office of Technology Assessment

Through the review and budget process, Con-
gress exercises its authority to continue support of
ongoing programs, to redirect Federal efforts, to
initiate new programs, and to discontinue exist-
ing programs. In fiscal year 1980 the total Feder-
al expenditure for ocean programs studied by
OTA was $2.5 billion. Three agencies–Coast
Guard, NOAA, and Navy– accounted for over
80 percent of that total. Based on funding, the
principal program areas of emphasis for each
agency appear to be as follows:

Ž Coast Guard — public service, management
and enforcement;

● DOE — energy and mineral resources, envi-
ronmental quality;

● EPA —environmental quality;
● DOI — agency support, energy and mineral

resources, management and enforcement;
● NASA — technology development;
● Navy —ocean science, agency support;
● NOAA — public service, management and

enforcement, weather and climate, fish-
eries resources, agency support;

● NSF— ocean science.

Findings-Agencies, Program,
and Budgets

● The 90 programs in the total Federal ocean ef-
fort are often scattered among different agen-
cies whose missions or goals appear very simi-
lar. Overlap and duplication of effort does oc-

●

●

●

●

cur in some areas OTA has studied and is very
difficult to identify.

Of the total Federal expenditure of $2.5 billion
for the ocean programs studied by OTA, 30
percent was spent for the technology, science,
and applied research programs that this report
addresses.

With the exception of technology in the mil-
itary sector and of satellites in NASA, devel-
opment of new technology that can be used by
a wide range of users in different programs and
agencies is not focused in any one agency.

There is no consistency among agencies in
their plans for future program or capital ex-
penditures. Some agency plans include an in-
flation factor, and some do not. Some agencies
plan for possible future technology needs,
while others do not include any new expend-
itures in their plans until a new item is firm.
Some program plans include substantial con-
tingencies and related activities, while others
do not.

From the information on future plans for tech-
nology and oceanography, provided to OTA
by the eight agencies surveyed, OTA identified
only two new initiatives — the Ocean Margin
Drilling Program and the National Oceanic
Satellite System–which include plans for sub-
stantial technology and funding requirements.
Other proposed programs, like the climate
program, have yet to establish such require-
ments, but must nevertheless be considered
when planning future budgets.
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TECHNOLOGY

Summary

Oceanographic research is complex, and no
single technology system is best suited for its
tasks. Thus, a combination of types of systems
and techniques is usually the best approach for
collecting ocean data and for conducting re-
search experiments.

Federally supported technology systems used in
oceanography include:

ships
submersibles
remotely operated vehicles
buoys and moored systems
equipment and instrumentation
satellites
aircraft
oceanic data systems

Ocean research covers such a broad spectrum
of activities that no logical generalizations can be
applied when comparing the suitability or cost ef-
fectiveness of different technologies. Therefore,
various ships, other vehicles, and instrument
systems can only be evaluated in the context of
specific research tasks to be accomplished.

A few concepts regarding various technologies
can be explored, however, when comparing
scales of space and time, when comparing re-
search experiments to routine data collection,
and when comparing basic research to applied
research.

Ships are the only general-purpose vehicles for
carrying oceanographers to sea to conduct ex-
periments. They are both transport vehicles and
floating laboratories, with living accommoda-
tions for scientists and crew. They are necessary
for taking physical and chemical samples of the
ocean, the sea floor, and the biota; for deploying
instruments in the ocean environment; and for
collecting data over a large ocean area, as in
making subbottom profiles of the geology be-
neath the sea floor. In addition, ships are used to
implant and support other vehicles, submersi-
bles, data buoys, remotely operated stations
(fixed or floating), and diving systems.

The federally supported oceanographic fleet of
about 80 ships is comprised of a variety of types
and capabilities and is supported by many agen-
cies and programs. It is a fleet in name only
because the ships have a variety of operating
systems and their categories of use are usually not
interchangeable.

Submersibles are vehicles that can carry a few
scientists and instruments to the ocean bottom.
They are invaluable for conducting experiments
where human observers “on the spot” in the
ocean are most important. In the past decade,
submersibles were considered the most promising
research tool of the future and much successful
research was done with them. Today, only one
manned, deep-diving submersible, the Alvin ,
is federally supported for nonmilitary research
but  s tudies  of  future  submersible  needs are
underway.

Remotely operated vehicles (ROVs) cover a
variety of unmanned, underwater vehicles con-
trolled from the surface. They are used for many
specialized tasks and are recently becoming of in-
creasing value for oceanographic research and
monitoring.

Buoys and moored systems capable of un-
manned data collection are used most often when
instruments must be placed in the ocean to col-
lect data at and below the surface over a long pe-
riod of time. They are thus invaluable for certain
kinds of meteorological and oceanographic ob-
servations. Self-sustained, special-purpose buoys
and moored systems have at times been developed
as the principal technology for a research pro-
gram, while in other cases they are part of the
more standard oceanographic equipment and in-
strumentation carried aboard research ships.

Oceanographic equipment and instrumenta-
tion include many kinds of items, from ship-
board-instal led equipment  and portable in-
struments handled from ships to permanently
mounted sensors aboard buoys and other sta-
tions. Shipboard equipment includes winches,
cables, cranes, and laboratory facilities. Multi-
purpose research ships, contain a combination of
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fixed equipment, permanent instrumentation,
and special instruments for each experiment.
Single-purpose data buoys have built-in perma-
nent instruments and data-handling systems.

Thousands of separate oceanographic instru-
ments are in use today. Standard shipboard in-
strumentation includes navigation equipment
and some meteorological and standard ocean
parameter sensors. Because many ships, such as
those of the academic fleet, are now used by
scientists for a large variety of research projects,
it has become prudent to provide guidelines for
standardization of some equipment and onboard
data systems.

Satellites provide worldwide coverage of ocean
surfaces and can provide data on a timely basis.
Limited at present to covering sea-surface phe-
nomena, new satellite instruments will give more
comprehensive and accurate information. Cer-
tain surface phenomena related to large-scale
ocean processes, sea-surface data on a global
grid, and other large-scale ocean research can
only be accomplished at reasonable cost by satel-
lite. As valuable ancillary tools, satellites are
routinely used for navigation and data-trans-
mission purposes.

Aircraft are used less in ocean research, but
their coverage and speed of data taking are valu-
able for laying a line of air-droppable instru-
ments, detecting ocean pollutants, measuring
gravitational and magnetic fields, measuring sea-
surface conditions with high resolution, investi-
gating hurricanes, and conducting research on
marine mammals.

Oceanic data systems include the data han-
dling, archiving, processing, and disseminating
networks that now provide services to Federal
agencies and other users. Most oceanographic
data from satellites, ships, buoys, and other
sources are archived by NOAA’s Environmental
Data and Information Services. The recent large
flow of satellite data into the existing system has
called attention to the growing problem of pro-
viding modern technology and adequate man-
agement systems for the handling of oceanic
data.

This report does not cover certain categories of
ocean technology that either are not a significant

part of existing Federal programs or are ancillary
to this study’s focus on major systems used in the
field. Some examples of such ocean technology
which may be significant to many future pro-
grams are sail-powered ships, satellite data te-
lemetry and communication systems, satellite
navigation systems, and computers. Studies with-
in the agencies and the National Academy of Sci-
ences/National Research Council address future
needs for these technologies.
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Findings-Technology

● Ships are the vehicles from which most re-
search on the ocean has been conducted. The
addition of new ways to examine the ocean has
not replaced the need for ships, but has instead
identified new and more productive ways to
use these vessels.

● The Federal research and survey fleet is facing
a shortage of ship operating funds. Fuel, main-
tenance, and overhaul costs are all escalating
rapidly. NSF may be forced to reprogram capi-
tal funds to operating accounts and/or to lay-
up more ships now in the academic fleet.

● There is a general erosion of capabilities in the
Federal fleet which will probably continue in
the future. The number of ships in the fleet is
decreasing, and ships are not being adequately
maintained or upgraded. The erosion of capa-
bility is most apparent in deepwater academic
ships but extends to all vessels and affects their
general condition and the instrumentation and
equipment on board.

● Over the next 20 years, the Federal fleet of
about 80 ships will require replacement or ma-
jor rehabilitation. The replacement cost for
these ships is about $1.5 billion in 1980 dollars.
The two largest fleet groups are the NOAA
fleet and the academic fleet, which is operated
by various oceanographic institutions. The
NOAA fleet is generally older and may require
earlier attention to replacement or rehabilita-
tion.

Ž Many ocean research programs require coop-
erative efforts between countries and thus co-
ordination of capabilities. The total number of
oceanographic ships operated by other coun-
tries is difficult to determine precisely because
many are used for several other purposes.
However, OTA has determined that together
the U.S.S.R. and the United States operate
about 60 percent of the total oceanographic
research and survey ships in the world. Only

the Russian fleet equals that of the United
States in number of ships, and in fact, exceeds
it in number of large ships.

It appears that, in the future, increased atten-
tion will be given to remotely operated and
other unmanned vehicles, buoy systems and
moored systems, as appropriate, for many spe-
cialized ocean data collection and monitoring
tasks. New data links with satellites are making
buoys and moored systems more useful. Ad-
vanced buoy- and moored-system technology,
developed within several research programs,
could be even more widely used by the mission
agencies.

Instrumentation for oceanography and data
collection is generally good especially for those
programs that have supported its development
and use over long periods of time. Increasing
sophistication and reliability of microelec-
tronic technology holds promise for improved
instrument systems.

There are no dedicated oceanographic satel-
lites in orbit today that provide coverage of the
world’s oceans with modern sensors. Seasat, an
oceanographic research satellite launched in
1978, lasted only 3 months. The Nimbus series
of research satellites that provides coastal zone
ocean data is being phased out. If the new
NOSS program is supported as planned, only
part of the Nimbus and Seasat capabilities will
be reinstated.

Aircraft continue to be used for specialized
ocean data collection and surveying in certain
programs. Some remote sensors, when used in
local areas, are more effectively employed by
aircraft than by satellite.

Existing oceanic data systems are not meeting
the research needs of many oceanographers.
New satellites and other remote-sensing sys-
tems with large data volume potential will
make this problem more critical in the future.

80-710 0 - 81 - 2
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CRITICAL REVIEW OF SELECTED
NATIONAL PROGRAMS

This assessment has identified for special
analysis the following four national programs
that are representative of the institutional and
technological opportunities and problems facing
Federal efforts in oceanography.

● Ocean Margin Drilling Program (OMDP)
● National Oceanic Satellite System (NOSS)
● Federal Program in Fisheries and Marine

Mammals
● National Climate Program

Two of these – OMDP and NOSS – are major
new ocean program initiatives for fiscal year
1981. The drilling program is principally a scien-
tific endeavor with unique private industry par-
ticipation. NOSS combines the operational needs
of military and civilian satellite mission agencies
with related scientific investigations. Both pro-
grams involve large, new technology systems.

The other two programs exist by congressional
mandate.  The f irs t ,  the Federal  Program in
Fisheries and Marine Mammals, has been in
place for a long time, but new legislation has
forced its research to be directed more toward
resource management problems. The second, the
National Climate Program, has been recently di-
rected by legislation to address national needs for
delivery of a climate prediction capability and
public services that result from that capability.
The technology required for each program is a
mixture of conventional systems in use for a long
time and new developments. The latter could sig-
nificantly advance future research.

Many other national programs, such as those
in marine pollution, offshore energy develop-
ment, or ocean minerals, could be addressed in a
similar manner, and it is hoped that this review
will help identify a useful structure for future
analyses.

Ocean Margin Drilling Program

Summary

To gain more knowledge of the nature and ori-
gin of the Earth, NSF has begun an important
new $700 million, 10-year scientific program of
marine geologic investigations. This  effor t ,
known as the Ocean Margin Drilling Program
(OMDP), resulted from years of planning and
evaluation by academic and Government-spon-
sored committees. It is both a continuation of
deep-ocean drilling under NSF’s Division of
Earth Sciences and a new thrust to investigate the
geology of continental margins and ocean crust
where very deep drilling is necessary to penetrate
unknown regions. Some of the margin regions
that are the borders between Continental Shelves
and the deep ocean might contain substantial oil
and gas resources, but sufficient evidence has not
yet been collected to confirm this.

The success of OMDP is contingent on major
development of advanced ocean technology, such
as deep-drilling, coring, and well-control tech-
niques and hardware. It will be necessary to focus
a considerable effort on technology development
in the early stages of this program in order to
assure that its science goals can be accomplished.

Early planning for an ocean margin drilling
program began in 1973 and continued with the
Conference on the Future of Scientific Ocean
Drilling held in Woods Hole, Mass., in 1977. In
1978 an NSF advisory group reviewed the scien-
tific merit of an ocean margin drilling program,
and in 1979 an NSF blue-ribbon committee ad-
dressed the national interest in such an effort.
More recently, at an NSF-sponsored meeting in
March 1980, an initial ocean margin drilling
model program plan was developed. That plan is
the basis of NSF’s OMDP. Scientific objectives
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stated in the plan are to investigate: 1 ) passive
and active continental margins, 2) the Earth’s
crust beneath the deep ocean, and 3) the deep-
sea sediments.

The model program allots 4 years for prepara-
tion and 6 years for drilling. It also presents an
estimate of program costs. The program includes
10 sites and 15 holes, the deepest of which (South-
eastern Gulf of Mexico) is about 21,000-ft below
the sea floor in about 11,000 ft of water. Two
model sites are in the Pacific Ocean, one is in
Antarctica’s Weddell Sea, and others are in the
Atlantic Ocean and the Gulf of Mexico.

As planned, the program will be jointly funded
by the Federal Government and the petroleum
industry, each sharing 50 percent of the costs
over the 10-year period. Several major petroleum
companies expressed interest in participating
and, by October 1980, eight had agreed to fund
the first year’s planning effort. The technology
plans include both the conversion of the Govern-
ment-owned Glomar Explorer to a deep-drilling
ship as well as the development of a riser system*
for controlled drilling in maximum water depths
of 13,000 ft and in maximum depths below the
sea floor of 20,000 ft.

Findings

●

●

NSF and other Federal agencies have stressed
the unique nature of OMDP as a basic science
effort with industry support and cooperation.
Many oceanographic institutions are also par-
ticipating in the planning and future manage-
ment of science work.

Technology is not yet developed for controlled
drilling 20,000-ft beneath the ocean bottom in
13,000 ft of water, and engineering studies
predict many technological difficulties. The

*.A riser is a Iargediameter  pipe, extending from the sea floor to
the drilling ship on the surface, through which the drill pipe is in-
serted. The riser acts as a conduit for drilling fluid, which is pumped
down the pipe and flows back up to the ship between the pipe and
riser. ‘1’he  riser is essential for controlling pressure in the well and for
5U pport ing blowout prevention.

technological uncertainty of such deep-ocean
drilling may preclude completion of some of
the planned deep holes. Engineers and scien-
tists will likely have to make compromises as
the program proceeds,  resul t ing ei ther  in
lowering of the scientific objectives or in
significant cost escalations.

By July 1980, cost estimates for ship conversion
and riser development had already increased
substantially from those proposed earlier in the
year. The OTA analysis highlights concerns
that funds to cover the future additional costs
to develop deep-drilling technology might be
diverted from OMDP science or from other
NSF ocean science programs.

NSF has successfully directed the deep-sea
drilling project over the past 12 years, using an
established oceanographic institution to carry
out the day-to-day management. However,
OMDP involves a major funding increase and
a new thrust in technology development from
previous efforts in deep-sea drilling. Thus,
OTA questions the capability and appropri-
ateness of NSF to directly manage the more
complex OMDP. The questions include wheth-
er NSF is the most appropriate organization to
manage the considerable technology develop-
ment work, whether aspects of the oil and gas
resources should dictate more direct involve-
ment  by DOE or  U.S.  Geological  Survey
(USGS), and whether the science benefits are
overshadowed by the technology development
benefits.

A more sharply focused science program with
fewer options than the present plan is advo-
cated by several industry and academic scien-
tists contacted by OTA during its preparation
of a technical memorandum on this subject in
May 1980. These scientists suggested alter-
natives that might result in lower initial costs
and a postponement of the decision to fund
major technology developments. Many of these
alternatives include an approach to identify
first those drilling targets that are within pres-
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ent technical capabilities. Other alternatives
involved a greater emphasis on hydrocarbon
resources (thus increasing industry involve-
ment), but would probably require consider-
able changes in Government practices in leas-
ing offshore lands for oil and gas exploration.

National Oceanic Satellite System

Summary

A major new 10-year effort, the National
Oceanic Satellite System (NOSS), was scheduled
to commence in fiscal year 1981 but the new ad-
ministrat ion has recommended a  substant ial
budget cut and delay. Funded jointly by NASA
(25 percent), NOAA (25 percent), and Navy (50
percent), this program is designed to collect and

deliver synoptic* global measurements of the
ocean to Navy and NOAA centers using an orbit-
ing spacecraft, ground control, and data com-
munication and processing systems.

NOSS is designed to demonstrate an opera-
tional capability for global, all-weather ocean
coverage with real-time data processing and dis-
tribution that may presage a series of ocean-
ographic satellites in the future. Synoptic ocean-
surface data from NOSS could have significant
value in future programs of worldwide weather
and climate forecasting, measurement of ice
cover, measurement of surface waves and cur-
rents, forecasting of sea conditions, observations
of surface pollutants or chlorophyll, and other
oceanic observations.

NOSS has a planned 5-year demonstration
period. Launch of the first NOSS spacecraft from
the space shuttle was scheduled for the third
quarter, fiscal year 1986. Once the spacecraft
and ground systems are operational, a second
satellite will be launched (within approximately 6
to 12 months).

NOSS’s satellite will carry four basic sensors.
The technology for each of these has been devel-
oped and tested in previous research satellites,
Seasat and Nimbus. They are: a radar altimeter
to measure sea-surface height accurately and
thus provide observations of waves and sea state;
a radar scatterometer to observe windspeed and
d i r ec t i on  a t  t he  s ea  su r f ace ;  a  mic rowave
radiometer to measure sea-surface temperature;
and a color scanner, which can observe different
pigmentation at the sea surface and, in turn,
distinguish optically between concentrations of
certain substances such as chlorophyll. These sen-
sors, plus the data handling and processing net-
work, will produce pictures, charts, and other
forms of information to be used by Navy and
NOAA to analyze and forecast weather, sea, and
other environmental conditions globally. Re-
searchers outside of Government and industry
will also have access to the observations and data.
The systems for providing these data products,
however, are in the process of being detailed by

* A comprehensive and broad view of the whole.
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Photo credit National Aeronaut/es and Space Administration

An artist’s drawing of the proposed National Oceanic Satellite System. The sensors will provide observations of waves,
sea-surface temperature, surface winds, and particles in surface water over the global oceans

the agencies and are only partially included in Findings
the program cost.

●

The total cost of the NOSS program from
fiscal years 1981 to 1991 is estimated to be $700
million to $900 million and includes the cost of a
planned demonstration period. Since some addi-
tional agency costs are not included, such as that
for  end-user  data  dis t r ibut ion,  the total  system .
costs may approach or exceed $1 billion. These
estimates, in fiscal year 1981 dollars, contain no
allowance for inflation.

NOSS is a major new program in satellite
oceanography. If successful as a “limited oper-
ational demonstration, “ it may be the first gen-
eration in a series of satellites for collecting
global ocean data in the 1990’s and beyond.

NOSS differs from other satellite programs in
that it has all-weather capabilities and uses
sensors not used by operational meteorological
satellite programs,
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● The cost of the NOSS 10-year program, jointly
funded by NASA (25 percent), Navy (50 per-
cent), and NOAA (25 percent), is estimated at
about $800 million. However, NOSS alone will
not provide all the satellite oceanic data re-
quired for research and operational purposes,
A complete program of satellite oceanography
will cost much more.

● The primary operational use of NOSS will be
to improve global weather and sea condition
prediction for Navy and NOAA weather serv-
ice. If successful it will provide global, all-
weather, synoptic ocean measurements of
winds, surface waves, and sea-surface tempera-
tures.

● Three basic NOSS sensors will provide the re-
quired operat ional  data  on winds,  wave-
heights, and sea-surface temperature. They
are the scatterometer, the altimeter, and the
large antenna multichannel microwave radi-
ometer  (LAMMR). The scat terometer  and
alt imeter are proven technology while the
LAMMR requires development.

● The coastal zone color scanner is one NOSS
sensor without a clear, direct use in Navy or
NOAA operat ional  programs.  Instead,  for
these two agencies, the scanner’s chlorophyll
and water-clarity measurements will be more
important for research programs. These re-
search programs will include evaluation of
whether this sensor can obtain adequate meas-
urements through clouds (prevalent in coastal
areas), how chlorophyll data can be used to in-
dicate biological productivity, and how water-
clarity measurements can aid other research.

● NOSS’s program office has conducted studies
to determine an optimum orbit for the satel-
lite, given NOAA’s and Navy’s stated data
needs and given the four sensors selected. How-
ever, no detailed mission analysis has been
prepared that compares the value of other re-
search needs to NOAA and Navy requirements
or that considers alternative orbits, sensors,
and data systems. The ongoing contracted
studies of alternatives to NOSS will not consid-
er these major options to the planned system.

● The research mission of NOSS is limited, and
secondary to the stated agency operational

missions. Only part of the past research satel-
lite (Seasat and Nimbus) capabilities of several
years ago will be reinstated with NOSS.

Fisheries and Marine Mammals
Research

Summary

The large and diversified Federal Program in
Fisheries and Marine Mammals is directed prin-
cipally by the National Marine Fisheries Service
under NOAA at an annual cost of $50 million;
selected aspects of the program are directed by
the Fish and Wildlife Service of the Department
of Interior at an annual cost of over $10 million.

Fisheries. — The Federal fisheries program is
directed toward conserving and managing U.S.
fisheries stocks, as mandated by the Fishery Con-
servation and Management Act of 1976. The
Act, in an attempt to alleviate overfishing of cer-
tain stocks, extended U.S. jurisdiction over fish-
eries to 200 miles from the coastline and specified
the establishment of Regional Fishery Manage-
ment Councils to allocate and conserve fish re-
sources for future use. The councils prepare
management plans based on scientific informa-
tion principally furnished by the Federal Govern-
ment about species that are or may be harvested.
The process of supplying this information focuses
and directs  much of  the  present  and future
fishery research in the United States.

The National Marine Fisheries Service within
NOAA conducts fishery research through obser-
vation and monitoring of stocks, monitoring of
commercial and recreational harvesting, inves-
tigation of fish behavior, and of environmental
and other influences. The work is carried out at
f isheries  research laboratories  using the 10
NOAA fisheries survey vessels and other ships
that are chartered when needed. The work at sea
involves sampling of stocks and analysis of results
by technologies that are basically adaptations of
fishing gear or biological oceanography. New
technologies are periodically tested by the fishery
researchers, and some development work is sup-
ported at individual laboratories.

Marine Mammals. –The Federal program in
marine mammals focuses on conserving marine
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mammal populations by limiting harvest and by
researching and ensuring conditions that will
provide maximum productivity of various spe-
cies. Research expeditions using various technol-
ogies and methods are necessary to count species
whose behavior and habitat are more variable
than those of fish. Present marine mammal re-
search and technology are adapted from experi-
mental programs or from other fields.

The following findings are based on analyses of
the status and trends found mainly in NOAA’s
program in fishery and marine mammals re-
search and on analyses of the possible future pro-
grams related to krill resources in Antarctica.

Findings

. The 1976 legislation has shifted attention to
management problems and socioeconomic fac-
tors at the expense of fishery sciences and re-
search. Future research and technology needs
are thus being shaped by the more immediate
needs of the fishery managers.

. Present technology for gathering stock assess-
ment data on fisheries is adequate for most
current, high-priority monitoring programs,
More data on actual fish harvesting (catch-
data) are needed by fishery managers, but the
limitations on getting these data are institu-
tional, not technological. The possible future
need for more research-ship time to cover as-
sessment of new stocks could be met by addi-
tional chartering and by upgrading existing
ship capabilities.

● The one new technology with the potential to
improve future stock assessment capabilities is
acoustic measurement. While similar technol-
ogy is used for military purposes, considerable
development and applications testing is re-
quired to transfer the best techniques to the
stock assessment problem. NOAA has not yet
bridged the gap between experimental acous-
tics and engineering development of an oper-
ational system.

● Satellite remote sensing of ocean-surface con-
ditions has not proven useful for stock assess-
ment. Some satellite measurements of surface
chlorophyll or temperature may provide in-

●

●

●

direct evidence of biological productivity and
be useful for more basic research.

New technology for efficient harvesting, re-
duced waste of catches, better safety, improved
processing, and other factors of fish utilization
could aid the development of new fisheries by
U.S. fishermen. Some of these technologies are
now being used by foreign fishermen in the
U.S. zone. Some are necessary to make prod-
ucts acceptable to the U.S. market. The Fed-
eral Government has paid little attention to
this research in the past.

Krill. – Research on Antarctic krill is now
basic and exploratory. Much more basic re-
search is needed on krill lifecycle, growth, and
behavior. Comprehensive survey techniques
for data collection, evaluation, and reporting
must be developed and standardized to better
understand the role of krill in its ecosystem. It
is probably premature to establish a major
stock assessment program for krill until more
harvesting tests are monitored and more basic
research is done.

Marine Mammals. – The Federal Government
must invest major funds if it is to comply with
many of the specifications of the Marine Mam-
mal Protection Act of 1972. Past funding lim-
itations have constrained methodological re-
search and technological development; slowed
data acquisition, analysis, and distribution;
and created shortages of necessary equipment
and manpower. A major technological dif-
ficulty is the current lack of suitable, well-
designed survey ships and aircraft for large-
scale surveys.

National Climate Program

Summary

The ability to forecast climate on a seasonal,
annual, or longer-range basis requires not only
an understanding of the effects of the ocean on
climate, but also information from global moni-
toring of selected oceanic parameters over many
years.

Precisely how the oceans affect future at-
mospheric conditions is not known. It is known
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that the oceans are a major heat-energy source
for the atmosphere, that the oceans absorb and
release carbon dioxide (C02), and that air-sea in-
teractions play an important role in climate
dynamics.

Scientists around the world have been studying
aspects of the ocean’s role in climate and can
predict some climatic fluctuations over land
based on variations in conditions in the oceans.
During the 1980’s scientists will begin a global ef-
fort to understand climate dynamics. The Na-
t ional  Climate Program plan and the World
Climate Research Program are parts of this ef-
fort.

In compliance with the National Climate Act
of 1978, Federal agency scientists have proposed
a variety of planning and feasibility studies and
field experiments to determine what factors con-
trol climate and to determine how best to study
the ocean’s role. These studies are generally not
adequately funded for technology development.
Moreover, since the National Climate Program is
in its initial stages, there is no well-defined,
broad statement of its technology requirements,
although present programs are doing the scien-

Photo credit: National Oceanic and Atmospheric Administration

The full Earth disk, with the Western Hemisphere
artificially outlined for reference, shows global weather

patterns from a geostationary satellite

tific planning necessary for the establishment of
such requirements. Substantial increases in tech-
nology funding for climate studies will probably
be required by the mid- to late 1980’s if the
research plans gain agency and congressional
support.

The National Climate Program is managed by
the individual agencies that have climate re-
search activities. While the National Climate
Program Office was established to coordinate
these interagency activities, it does not presently
have sufficient resources to effect this coordina-
tion and to initiate action to fill the inevitable
gaps between the diverse agency programs. It
also lacks overall authority to direct a coor-
dinated research program.

On an international level, the World Climate
Research Program is expected to provide the re-
quired degree of coordination among countries.
The U.S. interest in an international research ef-
fort was expressed in the National Climate Pro-
gram Act of 1978. As the needed research is more
specifically defined, both costs and benefits of
these efforts can be evaluated.

Findings

●

●

●

Because climate research is still in the planning
stage, there is no comprehensive statement of
its technology needs. However, there are ocean
technology needs in communication and data
processing that, if met, could play a major, im-
mediate role in understanding climate dynam-
ics.

One or more dedicated centers and a dedi-
cated computer for the collection, processing,
and distribution of future climate-related data
would lead to a much improved capability to
analyze climate dynamics.

A mix of sensors and vessels, such as ships-of-
opportunity, * drifting buoys, and arrays of
moorings, will be needed to measure oceanic
heat storage. This mix will necessitate an ex-
panded and improved data collection and co-
ordination system.

*Commercia l  ships  or other \’csx>l\  Ilot  [lor ITldl  ]} t’ll<<d,<t’(i 111

txxanogra phy but which <’an  ht. used to tnakc rout I m> mcdsu  I ements
or  launch a utomatd  xnsors.
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● Four general areas of technology needs for
future climate research are listed below, along
with examples of specific technology develop-
ment or use that appear to be of highest priori-
ty based on OTA’s analysis of program needs.

1. Stations:
–Organization of a worldwide ships-of-

opportunity data collection program, in-
cluding a satellite data network and cen-
tralized data-processing center.

–Substantial improvements and cost reduc-
tions in expendable buoys and probes.

–A commitment to long-term, moored sta-
tions. (Many of the existing long-term sta-
tions, on which much of  our  current
knowledge of ocean climate is based, are
being closed for economic considera-
tions. )

2. In situ sensors:
– New types of upper-ocean-current sensors

that would be used to collect data to
evaluate the manner in which the ocean
moves heat from the tropics to the high
latitudes.

– Improved, cost-effective sensors for meas-
uring temperature, salinity, and velocity
from fixed moorings.

– Improved, cost-effective sensors for meas-
uring profiles of ocean temperature, salin-

ity, and velocity as part of the worldwide
ships-of-opportunity program.

– New technology for measuring the humid-
ity content in the atmospheric boundary
layer near the ocean surface.

–Sensors that measure various trace gas
constituents such as C02.

3. Satellite sensors:
–Technology for  measur ing the  global

windfields, useful for describing and pre-
dicting the oceanic variations that can af-
fect  a tmospheric  changes.  ( I t  may be
possible to make the necessary measure-
ments using satellite instrumentation such
as that proposed for NOSS. )

–Satellite capability to determine surface
currents and precipitation on the time
and space scales appropriate to climate.

–Satell i te  systems that  transmit  in si tu
measurements using the same data stream
as measurements from satellites them-
selves.

4. Data management:
– The anticipated flood of data from satel-

lite sensors will require major efforts to
upgrade data management and handling
capabilities to retain existing satellite
data, to merge historical data of various
types with satellite data, and to provide
easy and economical access to data bases.

ISSUES
Whether new oceanographic research pro-

grams can gain adequate support for needed
technology depends not only on the program
needs, but also on whether the technology itself
has adequate support. For many oceanographic
programs adequate mechanisms have not been
developed to satisfy technology needs through
either the adaption of existing technology or the
development of new technology. It is very dif-
ficult to provide technological support for science
programs when the science has broad or diffuse
goals and objectives.

Four important issues concerning Federal ac-
tivities in technology and oceanography have
been identified through this assessment. These

issues cover subjects of significant controversy
about how technology is provided now or how it
may be supported in the future to meet diverse
Federal goals and missions in oceanography.
They cover overall institutional considerations
and technological subjects. The issue discussions
provide a basis for congressional actions such as
oversight, budget review, or new legislative initi-
atives.

The issues are, briefly:

1. Ocean Technology Development. –
Whether a larger and more centralized
ocean engineering effort within one or
more Federal agencies would significantly
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2.

3.

4.

improve future ocean technology develop-
ment.
Oceanic Data Systems. – Whether the
growing need to handle and distribute in-
creasingly large volumes of oceanic data to
a variety of users can be met effectively
within existing agencies or will merit some
new institutional arrangement.
Ships. –Whether the unique capabilities
of the Federal fleet of research and survey
ships will be adequately maintained or im-
proved in the future.
Satellite Oceanography. –Whether the
benefits of a major new thrust in satellite
oceanography warrant the substant ial
funding and long-range planning entailed
in establishing and maintaining such pro-
grams.

Ocean Technology Development

Issue

There is no effective and comprehensive non-
mi l i t a ry  e f fo r t  t o  p l an  and  coo rd ina t e  t he
development of new technologies that would ad-
vance many major Federal ocean programs. A
strong, centralized ocean technology organiza-
tion has been proposed by several past studies,
but many researchers and administrators strongly
oppose such a concept. However, most agree that
ocean engineering capabilities are inadequate
and  t ha t  impor t an t technology development
work is not receiving needed attention in some
key Federal agencies.

Discussion

The extent to which ocean engineering capa-
bilities within nonmilitary Federal agencies can
be improved and to which ocean technology de-
velopment can be made responsive to Federal
ocean program needs will depend on future in-
stitutional changes. At present, Navy and Coast
Guard have substantial ocean engineering efforts
directed toward their own operational missions
and related research. NASA conducts significant
technology development programs, but its mis-
sion is basically to transfer  space-related

technologies, when developed, to other agencies.
NOAA and other agencies develop some technol-
ogies, but their engineering development efforts
do not often even meet their own program needs.

Numerous studies have proposed establishing a
more capable ocean technology organization
within the Federal Government. Proposals have
ranged from “central iz ing the technological
development programs and projects of all civil
agencies in a single organization” to simply estab-
lishing “an interagency coordinating unit” to aid
in the transfer of technology among agencies.
Two reports that are often cited for recommend-
ing a central technological organization are the
“Panel Reports of the Commission on Marine
Science, Engineering, and Resources” of 1969
and the 1974 National Advisory Committee on
Oceans and Atmosphere report, “Engineering in
the Ocean. ” Another, the September 1980 re-
port, “Federal Ocean Engineering, ” by the Com-
mit tee  on Atmosphere and Oceans, recoin -
mended establishing a Federal ocean engineering
strategy group to foster communications and to
focus Federal technology development work on
some key neglected areas, such as polar and
deepwater research.

Centralization of  technology development
within each agency or among agencies, is sup-
ported by some who claim that focusing more au-
thority and funding in one office could alleviate
the frustrating experiences of trying to initiate
promising new techniques amid a bureaucratic
maze of unclear authority, funding inflexibility,
and a shortage of specific technical experts. Such
centralization could theoretically:

1.

2,

3.

Provide a technically superior organization
that can direct the solutions to a wide range
of problems associated with carrying out
agency missions.
Provide the mechanisms and focal point
for advancing ocean technology through
grants and contracts and by use of the most
qualified Government technical organiza-
tions.
Provide central  budget ing and funding
with major program line items for:
–defined mission and program-oriented

technological projects;
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–projects that are needed to advance the
state of the art; and

– projects that would help bring promising
experimental equipment into routine use
through engineering development.

Ocean technology developments must be tested
at unique sea and shore facilities. Since these
facilities are used intermittently, some savings
could be made through use of more efficient and
more centralized facilities or by combining orga-
nizations that need the facilities. Moreover, cen-
tralization of technology development may in-
duce a more economic use of staffs that have spe-
cific and sufficient technology experience and of
project management that has the expertise neces-
sary to raise critical questions and to avoid large
and expensive omissions.

Centralization of technology development can
also have serious drawbacks. The user of the
technology is generally concerned that the cen-
tralized organization will not give his problem
the attention that it deserves. Also, with the funds
not under his control, he cannot control project
expenditures in the development and testing
processes. If the technology development prob-
lem is removed from the organization that needs
the equipment, there is a risk of not meeting the
real needs of the scientist. Small engineering
tasks may have high priority within a specific
research project, but low priority within a central
technology organization. Finally, there are con-
cerns that a large organization cannot meet the
needs of the various smaller organizations; that
adequate funding will not be provided for each
project when budget priorities are set; and that
one office cannot provide for both direct mission
support, and the development of more basic tech-
nology.

There are many ways that technology central-
ization can be accomplished. One would be to
establish a central interagency organization.
Many believe that this option would be worse
than the existing system because no agency has
developed the required expertise to be so desig-
nated. Another approach, intra-agency central-
ization, would be a scaling down of the central
concept in that it would consider only an individ-
ual agency’s technological needs. To a limited

degree, many such offices now exist, although
they do not all have the required staff capabil-
ities. In NOAA, a new Ocean Technology and
Engineering Service (OTES) has been established
to centralize technology development, however,
i t  appears  that  some of NOAA’s technology
needs, such as fishery technology, are not con-
sidered in OTES. In Navy, ocean technology is
important — and often of differing character — in
almost every segment of Navy’s research, de-
velopment, and test programs. Thus, each of
these programs has an ocean engineering compo-
nent. In many other agencies, centralization of
ocean technology development is done generally
by discipline or by specific mission.

Centralization of technology development by
discipline occurs within several Federal organiza-
tions by grouping both personnel and facilities.
For example, Navy’s towing basin has served
other Federal agencies. Similarly, the Sandia
Corp. Laboratory conducts measurements of seis-
micity for DOE and other agencies. The sub-
marine and manned-diving technologies of Navy
have been shared with many agencies. NOAA has
become a focal point for scuba and saturation
diving for scientific purposes. In addition, all
agencies have some technology development of-
fices that serve the principal missions. In cer-
tain cases a technology development project is
passed to another agency, certain ocean tech-
nology development activities of EPA are passed
to NOAA for execution. But these established
practices fall short of an effective technology
development effort to meet important ocean
science and monitoring needs in the future.

Short of a Presidential mandate, congressional
initiatives may be necessary to make the needed
institutional changes and improvements because
interagency coordination on budgets and mission
authority is difficult to achieve otherwise. For ex-
ample, Congress could establish a central office
to support future ocean technology development
in one or more agencies with authority to provide
the expertise and project management capabil-
ities for specific missions or program needs,
Through oversight, Congress could call for an
evaluation of specific technology development
needs that are not being met within the major
ocean agencies by those ocean engineering offices
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now established. This evaluation would lead to
the identification o f  n e g l e c t e d  a r e a s  a n d
priorities of programs for technology develop-
ment. As another option, Congress could estab-
lish an interagency ocean engineering strategy
group (as recommended by the Committee on the
Atmosphere and Oceans) with authority for tech-
nology transfer and other  product ive coor-
dinating functions.

There is  no way to central ize technology
development adequately to meet the individual
needs of every program and agency. Direct com-
munications between the programs needing tech-
nology and the developers of technology is most
important. Flexibility in funding is also necessary
for accelerating the innovation and bridging
process of converting experimental equipment to
operational systems. And of utmost concern is
assuring the availability of highly qualified per-
sonnel in each department or agency for critical
program assessment and for focusing on promis-
ing directions in technology development.

Issue

Federal

Oceanic Data Systems

programs have not given adequate at-
tent ion to the handling and dis tr ibut ion of
oceanographic data, collected at great expense to
the public. Large amounts of data are stored
unused because their nonstandardized formats
are incompatible with user needs and because
they are difficult to retrieve from the archives.
These difficulties hamper much oceanographic
research. Accordingly, many researchers and
private groups recommend that funds and plans
for data management and distribution beyond
the primary agency users be included in major
data collection programs. At present, however,
only primary data networks are included within
specific programs.

Discussion

Although several Federal agencies are involved
in the collection of oceanographic data, NOAA’s
Environmental Data and Information Service
(EDIS) is the agency specifically created to main-
tain data and information for use by Federal,
State, and local agencies and the general public,

Most oceanographic data is archived in either the
National Oceanographic Data Center or the Sat-
ellite Data Services Division, part of EDIS.

OTA has identified a growing need for more
current, near real-time environmental data in
almost all  major ocean research programs.
NOAA representatives have stated, however, that
EDIS has the responsibility for supplying only
retrospective data to users; it does not have
responsibility for the distribution of real-time
data. In essence, then, EDIS manages only the
archiving of the data stream. The other agencies
and contractors that originate the data have the
responsibility for data documentation and quali-
ty control. As NOAA indicated:

. . . problems are far greater in obtaining docu-
mented, quality-assured data from data origi-
nators than . . . in processing it into and out of
archives.

Because planning and budgeting for both ar-
chiving and distributing retrospective data is not
closely tied to similar planning for data acquisi-
tion, projects of major significance and cost have
been funded without adequate resources for
handling and distributing the resultant data.
Then, the major question is: Who really should
have the Federal responsibility for comprehensive
oceanographic data management? At present,
the NOAA archives seem to be unable to handle
the present digital data stream from existing col-
lection systems in a near real-time environment.
New programs like NOSS that generate new data
streams will only exacerbate this problem. In
fact, NOAA is planning to implement a major
new data management system as an adjunct to
the NOSS program. Handling increased data
volume requires new organizations and manage-
ment methods for data cataloging, storage, ar-
chiving, processing, and distribution.

A related issue is defining the role of the
Federal Government in providing services and
software to make oceanographic data available to
researchers in the scientific community, the com-
mercial sector, and the general public. Future
trends in data-processing technology indicate a
large increase in the use of  electronic data
transmission, processing, and display. With only
Federal archival and retrospective data respon-
sibility clearly defined, there may be a gap in
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management responsibility which is filled on an
uneven basis by each Federal agency with an
operational mission.

Management systems and networks for future
data handling could take various forms. A trend
toward establishing regional data networks and
distribution centers has been underway for some
time by large, commercial firms for their own
private work. It appears likely that regional net-
working of Federal oceanographic data systems
may also be effect ive.  I f  data  management
responsibility were centralized in one place, it
might ensure easier planning and budgeting for
future needs and might accommodate more ef-
fectively the needs of individuals and other small
users. If data management responsibility and
funds are not given to a Federal agency, this may
be an incentive to commercial data networks or
private institutions to operate data networks for
a fee.

There are two steps that could be taken to
make oceanic data systems capable of serving the
growing user needs and of handling the growing
data volume. The first step is assigning agency or
program responsibility for comprehensive man-
agement geared to user needs. The second step is
choosing a Federal, regional, or private data
management system and upgrading i t  with
modern technology for use as an oceanic data
system.

Congress could initiate the first step by requir-
ing that data management for all end-users be in-
cluded in plans and budgets for major new pro-
grams, The second step could also be at the
direction of Congress. For example, if the data
management system choice were a major Federal
system, Congress could provide NOAA with
funds and added responsibility to establish a cen-
tral Federal data network for all users of future
oceanographic data. Otherwise, Congress could
either establish regional oceanographic data net-
works for  management  and dis t r ibut ion of
oceanic data outside of the Federal agencies or
provide incentives for commercial data networks
to be established for end-users.

Ships

Issue

The capabilities of the Federal fleet of research
and survey ships will continue to degrade unless
additional new funds are added or new, more ef-
ficient systems are devised to provide and operate
these ships at less cost. Several years of debate
have failed to resolve whether more centralized
management systems with greater Federal con-
trol would produce savings so that capabilities
could be maintained or enhanced, especially
when funding does not match escalating costs.

Discussion

The future of oceanographic ships appears to
be constrained by limited Federal funding for
ship operation, rehabilitation, and replacement.
Thus, it is important to consider whether a
system can be devised to maintain fleet capabil-
ities with less funding or whether increased fun-
ding must be provided to maintain adequate
numbers of capable ships. It will always be nec-
essary to provide some new funds to replace and
refit ships and to upgrade equipment and in-
strumentation.

Management of federally supported ships en-
tails not only operating and maintaining the ex-
isting fleet, but also planning the mix of the
future fleet. At present, the Federal fleet includes
ships designed for general-purpose (flexible) ap-
plications and for special-purpose tasks. The fleet
is operated by organizations that have a variety of
missions ranging from basic research to routine
surveys.

In the present Federal fleet, a distinction can
be made between ships that are operated directly
by Federal agencies mostly for routine surveys or
applied programs and those operated by aca-
demic institutions mostly for basic research. The
agency fleets tend to have more centralized man-
agement  within each agency.  The academic
fleet, on the other hand, has been subject to very
little Federal control over operations; but s o m e

agencies, like NSF, have recently tried to plan
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R/V Alpha Helix, owned by NSF and built in 1966, has
recently been transferred from Scripps Institution of

Oceanography to the University of Alaska. The ship is 133-ft
long and can accommodate 12 scientists

and effect cost -saving changes in the fleet
makeup.

There are several studies underway that will
provide planning information on the future man-
agement needs for oceanographic ships. These
include studies of the academic fleet by the Na-
tional Academy of Sciences/National Research
Council, two oceanographic laboratory groups,
Navy, and NSF; studies of NOAA’s fleet by
NOAA; and studies of Navy’s fleet by Navy. A
study by the General Accounting Office (GAO) in
1978 identified a decline in capabilities and effi-
ciencies in the Federal fleet and recommended
that a single manager be designated or that a
Government-wide fleet-allocation council be es-
tablished. Accordingly, in mid- 1980, the Federal
Oceanographic Fleet Coordination Council (a
subgroup of the interagency Committee on the
Atmosphere and Oceans) was established in re-
sponse to GAO’s recommendation and to that of
several agencies.

Several  groups are also pursuing certain
aspects of regional operations for the academic
fleet. NSF and Navy have stated that moves
toward regional academic fleet operations should
and will be encouraged. Some proposals for re-
gional operating centers for new coastal research
ships have been made; and cooperative oper-
ations of large, special-purpose ships, such as a
geological/geophysical vessel, have been dis-
cussed.

Those who argue for more centralized man-
agement or Federal control over the oceano-
graphic fleet claim that the result would save
money because some functions could be merged
and some operations would be more efficient.
Thus, central fleet management could facilitate
more accurate planning for future fleet makeup,
in particular for replacement or refurbishment of
ships. A specific long-range plan for ships to be
retired and new ships to be built could be laid out
and consistently followed if only one office were
in charge.

However, oceanographers consider central
management and control detrimental to the flex-
ibility and individual project efficiency that is so
important to basic research, and to some applied
research as well. They view the present system of
decentralized management and planning, par-
ticularly in the academic fleet, as more satisfac-
tory for individual research needs as well as for
agency and program missions. Some argue that
flexibility must be maintained if the oppor-
tunities for new discovery associated with basic
research are to be pursued. The cost-effective
planning needed in central operations may not
be possible in basic research; and some claim that
the small ,  decentral ized ship operators  can,
therefore, provide services at less cost.

These concerns about centralization are re-
flected in several areas. USGS and EPA, who now
operate just a few ships, claim that they could not
relinquish control of their vessels to another
agency because of their unique program needs
and unique vessel capabilities. In the academic
community, serious conflicts exist over whether
NSF or other agencies supporting basic science
should have the authority to decide on the make-
up or operations of the fleet as a whole. In addi-
tion, many scientists and Government agencies
have recognized a growing need for polar re-
search ship capabilities, but the mission agencies
have not been able to consolidate their needs and
bring together the resources and justification for
a polar ship.

Many of the needed efforts to resolve this issue
are already underway in the Federal agencies and
institutions. If Congress wished to oversee and
direct these efforts more carefully, it could call
for the submission of ongoing studies of the fleets
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when the studies are completed, and it could re-
quest a consolidation of study recommendations
from all agencies. This consolidation could be
done by an existing interagency committee or by
a White House office. As part of these efforts,
Congress could request a projection of the costs of
maintaining the U.S. oceanographic fleet capa-
bilities under the present and any proposed sys-
tem. The choice could then be to either provide
sufficient funds or eliminate certain capabilities.

Finally, to assist coordination among agencies,
Congress could establish and fund an interagency
ship planning council  with the authori ty to
specify management and planning practices, a
move which could reduce costs.

Satellite Oceanography

Issue

Major satellite systems for oceanography are
being planned that could become the dominant
thrust in ocean technology in the next two dec-
ades. NOSS is one part of this thrust; however,
several additional systems will be needed to meet
the range of operational and research goals now
established. Many research programs and ocean-
user groups, including scientists and industry,
could benefit from oceanic satellite data, but
only a few Government agencies acting together
can now afford the very high costs of this tech-
nology.

Discussion

Satellite remote sensing could become the fast-
est growing segment of oceanography if certain
agency plans are followed. NOSS, a proposed
operational demonstration satellite system de-
signed to meet the needs of Navy and NOAA for
the collection of oceanographic data, may be the
f i rs t  of  a  new generat ion of  oceanographic
satellites. Twenty-five percent of the NOSS
payload has been reserved for research purposes.
Moreover, NOSS data have the potential to bene-
fit a wide range of public and private applica-
tions by providing a long-term, synoptic, all-
weather view of the ocean surface. If additional
satellite programs follow NOSS, as many have
advocated, the cost of oceanic satellite hardware
and data systems for both research and opera-

tional users could be about another $1 billion in
addition to the NOSS program.

The activities within the Department of De-
fense and NOAA that have considerable need for
satellite oceanography are Navy and NOAA’s
National Weather Service (NWS). In Navy, the
Fleet Numerical Oceanography Center provides
near real - time synoptic ocean data for fleet
operations because naval ships and weapons can-
not  operate effectively without current en-
vironmental information. In NOAA, NWS is ex-
pected to provide several services that rely on
synoptic ocean data and routine weather fore-
casts. These data could be used for automated
ship and aircraft routing, performance estimates
for radar and sonar, and search and rescue op-
erations. To accomplish these operational mis-
sions, meteorological and oceanographic forecast
services over the oceans should be continually
maintained.  The information required range
from complete satellite coverage data to sub-
surface measurements data from buoys, ships,
and other stations.

A var ie ty  of  important  research programs
could also benefit from satellite observations
because some large-scale features of the ocean
surface may be described adequately only by such
remote sensing. Satellite data are useful for ad-
dressing problems relating to descriptions of the
ocean’s influence in world climate, observations
of large circulation patterns, investigations of
marine pollution, large-scale studies of oceanic
productivity, and many other phenomena which
occur near the sea surface. Those research proj-
ects that require observations beneath the sea sur-
face will need additional tools and techniques
that work in conjunction with satellites.

The extent to which satellites themselves will
add new knowledge and thus justify very large
costs is difficult to evaluate until more experience
is obtained. A large investment in satel l i te
oceanography in the future will probably draw
funds and people from other programs of ocean
observation or may make other methods, such as
the use of surface and subsurface vehicles, more
dependent upon work with satellites. In fact,
many researchers believe that future uses of
satellites will increase the need for ships to make
surface-calibration measurements and other sub-
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surface measurements not possible from space-
craft. In future debates over costs and benefits of
satellite oceanography programs, researchers
must consider both the intrinsic value of the pro-
grams as well as their possible effects on other
ocean research technology.

Satellite systems, including ground support
and data handling, require long development
periods (5 to 10 years) before becoming opera-
tional. Consistent Federal support is necessary if
the systems are to be useful to broad segments of
public and private groups. Because of the large
Federal support needed, long-range planning is
also necessary. NASA has started a long-range
planning process for satellite oceanography, and
many other Federal agencies and private groups
will probably participate in the process as it
develops. Cooperative long-range planning is
supported by many now working with the NOSS
program, but is not supported by some research-
ers and agencies who wish to maintain the flexi-
bility and uniqueness of their own programs.
Some researchers also feel that new sensor devel-
opment will be the key to future useful oceano-
graphic measurements from satellites because
NOSS-proposed sensors have limited capabilities.

While NASA has developed a broadly sup-
ported approach to the NOSS program to meet

both the operational needs of Navy and NOAA,
and the research needs of many users as well ,
agencies such as USGS remain convinced that a
mission like that of a Seasat-B, which would be
more research-oriented and limited in scope,
would be preferable. Researchers also claim that
major, long-range Federal support of satellite
oceanography must await both the results of fur-
ther experimentation with many techniques as
well as the success of the NOSS prototype mis-
sion.

Because of the substantial funds required for a
major satellite oceanography program, Congress
will have a continuing interest over many years in
plans, budgets, justifications, and possible alter-
natives. As with all major Federal efforts, the
NOSS program will be subject to close congres-
sional oversight. For such oversight it may be
desirable to select each major program decision-
point and evaluate specific cost and benefit
justifications with the understanding that NOSS
is just one step (a demonstration prototype) in a
larger, satellite oceanography thrust. To assist
this process Congress could call for a long-range
plan for satellite oceanography, specifying re-
search and operational program needs in each
Federal agency and some optional methods of
providing them, including nonsatellite means.


