
Marine Sciences in the Coming Decades 
Carl Wunsch 

T h e  period since 1945 has been one of 
immense progress in understanding the sea. 
Oceanographic knowledge led to the com- 
r el ling evidence for plate tectonics, the 
discovery of sea-floor vent biological com- 
munities, and the nascent ability to predict 
El Nifio, to cite only a few examples. The 
scientific community was able to exploit the 
technoloeical revolution in electronics, - 
materials sciences, and instrumentation, as 
well as the increase in basic scientific un- 
derstanding of fluid dynamics, chemistry, 
and biology to make great advances in 
understanding how this immensely complex 
and interesting system operates. 

Lookine back. it is clear that most of the - 
advances took place in the context of pure 
curiosity-driven basic science, as funded ini- 
tially by the Office of Naval Research (ONR), 
and later joined by the new National Science 
Foundation (NSF) in the early 1950s. It is 
inescapable, however, that much of marine 
science was funded imulicitlv for its uerceived 
military implications. i n  pa;ticular,Athe exis- 
tence of a Soviet submarine fleet generated an 
extensive U.S. antisubmarine warfare pro- 
gram. In support of that effort, the U.S. 
government used research grants and con- 
tracts to transform the small number of tiny, 
prewar civilian oceanographic institutions 
into a much larger number of major laborato- 
ries, both university-operated and indepen- 
dent. The ONR took the enlightened view 
that across-the-board understanding of the 
ocean would ultimately redound to the na- 
tional security, even when the immediate 
application to military needs was not even 
dimly perceivable. 

Like all of science, the oceanographic 
community in the United States is now 
facine the question of how and whv support . - -  
will bYe provided in the future. The country is 
grappling with finding a rationale and mech- 
anisms for support of science in a time of 
peace, for the first time since before 1940. 
There is no U.S. experience with large-scale 
federal support of marine science in the 
absence of a perceived external threat. 

With such strone roots in the Cold War. u 

oceanographic science is particularly vul- 
nerable to shifts in national ~riorities. To 
help understanding of the implications of 
the changing context in which marine sci- 
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ences will operate, the Ocean Studies 
Board of the National Research Council 
recentlv ~ublished a review and discussion , L 

of the state of marine sciences in the Unit- 
ed States. and the future outlook (1) .  , , 

The report notes that compared to many 
scientists, oceanographers have the advantage 
of being able to describe the real and potential 
application of their work to a multitude of 
societally important problems. An abbreviat- 
ed listing of those applications would include 
weather forecasting; climate change; sea-level 
rise and related shorefront processes including 
water supply, fisheries management, and pol- 
lution trajectories; and the ever present mili- 
tary issues. But such applications represent a 
two-edged sword for the field. 

The social applications are built on the 
foundation of basic science. which ONR 
and NSF supported. The report points out 
that much of the knowledge that is being 
used today in applications was developed 20 
to 30 years ago by scientists simply following 
their own interests. With the rise in concern 
over such issues as global change, the federal 
players in the field are not just agencies 
interested in basic research-NSF and 
ONR-but also an arrav of aeencies domi- - 
nated by short-term applications and regula- 
tory requirements: the National Aeronautics 
and Space Administration (NASA), the 
Department of Energy, the Department of 
Commerce [through the National Oceanic 
and Atmospheric Administration (NOAA)], 
the Army Corps of Engineers, the Geological 
Survey (USGS), the Environmental Protec- 
tion Agency (EPA), the Department of En- 
ergy, and various parts of the Navy. If the 
roles of NSF and the Department of Defense 

in supporting basic science should change as 
some have proposed, and marine science is 
left to the mercies of narrowlv focused mission 
agencies, who will make the investments so 
that our successors will have the basic under- 
standing upon which useful political, eco- 
nomic, and social policies can be based? 

It is no longer obvious that the organi- 
zational structures on either the federal or 
nonfederal sides are as effective as thev 
might be. Nonfederal research exists in a 
spectrum of laboratories at least as complex 
as the varying structure of the federal agen- 
cies. Nongovernment organizations include 
large, private, nonuniversity laboratories 
(for example, Woods Hole Oceanographic 
Institution), large, private, and state-fund- 
ed laboratories at least nominally connect- 
ed to universities both private and state (for 
example, Texas A M  University, Univer- 
sity of Miami, and Scripps Institution of 
Oceanography), and faculty in convention- 
al academic earth sciences departments. 
The types of nongovernmental laboratories 
are so diverse that it makes the full descrip- 
tion of the workforce nearly impossible. 
The nonfederal institutions and their em- 
ployees are often labeled "academic," al- 
though only about 10% of the scientists are 
involved even peripherally in teaching. 

The nonfederal institutions have focused, 
at the behest of ONR and NSF, on individ- 
ual. ueer-reviewable science. The success of , . 
this collective enterprise can hardly be doubt- 
ed: U.S. scientists assumed a leadership role 
in many of the most important intellectual 
and technical advances of the last decades. 

But the changes in the world at large 
suggest that whatever their successes, only 
one urediction is secure: the wavs in which 
scien'ce in the United States will be conduct- 
ed and supported in the next several decades 
will differ from the ways to which we have 
become accustomed. Several trends are al- 
readv visible. Manv. if not most. of these , , 
problems are shared by all sciences. But the 
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special history and organization of oceano- 
graphic science, as well as the problems of 
working at sea, lend a special flavor and 
urgency to understanding them. 

Budgets for basic marine science have been 
nearly flat, in real terms, for a long time (Fig. 
1). In contrast, the number of people entering 
the field at the doctoral level continued to 
rise, growing by nearly 50% over the same 
interval (Fig. 2). That complaints over in- 
creasing difliculties in funding have emerged is 
hardly surprising. Clearly, the marine com- 
munity must grapple with what is an emerging 
scientific steady state or worse in basic science 
funding. 

Nonetheless, the continued growth in 
numbers of marine scientists is not necessarily 
an unwelcome development. As noted, there 
are wide applications of oceanographic knowl- 
edge to a host of problems of serious societal 
concern. If one reviews the policy decisions 
being made concerning this vast array of 
problems, the best oceanographic knowledge 
has not often been used. With the growing 
numbers of marine scienceducated people, 
this knowledge could become more widely 
disseminated to government agencies, stu- 
dents in universities, and scientists in neigh- 
boring fields (for example, meteorology), 
which would be a welcome trend. 

Marine science shares with the wider sci- 
entific community an inexorable inflation in 
the costs of maintaining the state of the art. 
Twenty years ago, at-sea science was conduct- 
ed by small teams and involved measurement 
durations of weeks to a few months at most: 
the numbers of instruments deployed at sea 
were modest. Today, particularly with the rise 
in demand for understanding the climate sys- 
tem, the science often dictates multiyear de- 
ployments of hundreds to thousands of instru- 
ments. The resources that even a single prin- 
cipal investigator must command to do serious 
work at sea have become daunting. Other 
activities, such as global-scale modeling, re- 
quire organized efforts sustained over many 
years and in continuous, immediate contact 
with the latest scientific knowledge. No orga- 
nization anywhere within our system is 
equipped to deal with large-scale, longdura- 
tion marine problems. Instead we have a 
series of ad hoc arrangements and subcritical 
efforts for whose ~ossible ultimate failure no 
one is actually responsible. 

Oceanographic vessels have rising capital 
construction costs, now in the range of $30 
million to $120 million (the latter a projected 
cost of a proposed Arctic research vessel) with 
operating costs of $3 million to $10 million 
per year. Construction and operating costs are 
supported by a kaleidoscopic amalgam of 
NSF, the Navy, NOAA, USGS, EPA, and 
the states. The investment represents a signif- 
icant part of U.S. spending on earth science. 
Oceanographic fleets are operated by various 
government agencies and different arms of the 

same agencies, as well as the academic insti- 
tutions. often in a semi-comoetitive mode. 
sustenance of this infrastructuie has not been 
a serious issue in the past. But proposals to 
spend $1 billion to rehabilitate the NOAA 
fleet, to maintain an at-sea capability in the 
Navy, EPA, and so on, and to provide large 
seagoing vessels to all the science institutions 
that historicallv have ooerated them will out- 
strip the available resources. 

Spacecraft have become a major method 
for conduct of marine science. Any re- 
search mission costs a minimum of about 
$100 million. and manv cost far more. In 
the United states, spacecraft have been a 
monopoly of NASA. Decisions made about 
flying specific missions obviously affect the 
health of the field as a whole. Where should 
the debate about the appropriate mix of 
spacecraft take place? Shouldn't the debate 
involve the entire community? 

What is the role of the large oceanograph- 
ic institutions in the emerging era? Is it to 
retain mainly their focus on individual-driven 
science? Which institutions should develop 
the capability for canying out large, complex, 
evolving, long-lived observational and mod- 
eling programs that climate-related problems 
appear to require? Should this responsibility 
be lodged in the federal government, perhaps 
in transformed weapons laboratories? If so, 
where will their expertise come from and how 
will scientific responsibility be maintained? Or 
should our large academic laboratories move 
to take that role? If the latter, how does one 
arrange stable funding, and can it be recon- 
ciled with conventional academic reviews and 
their d e e ~  commitment to "small science"? 
Will the kission agencies have the foresight 
and the flexibility to sustain the funding for 
basic understanding by scientists in these or- 
ganizations, although the payback is possibly 
manv vears in the future? 

many federal agencies have diverse 
and conflicting problems facing them. 
Oceanography in the Next Decade briefly out- 
lines some of the special problems in a few 
government agencies. Among the examples 
is NOAA, which was created in response to 
the recommendations of the Stratton Com- 
mission of the late 1960s. Few observers 
would conclude that, weighed down with an 
array of political and bureaucratic baggage, it 
has ever been the effective agency envi- 
sioned bv the commission. NASA has be- 
come fixated on enormous pieces of hard- 
ware (the shuttle, the space station, and the 
so-called Earth Observing System), and in 
recent years seems to have deliberately 
shed much of the marine expertise it had, 
even as spacecraft have emerged as central 
to the science. The Department of Energy 
is charged with the narrow problem of 
understanding the role of oceanic carbon 
in the climate system, but no one actually 
believes that such a problem can be stud- 
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Fig. 2. Employment in ocean sciences (in 
broad definition) through time. [From NSF data] 

ied in isolation from the rest of the science. 
There are obviously more questions than 

available answers. If we are truly entering an 
era of steady state or even declining support, 
what mix of federal, academic, and state labo- 
ratories is most sensible? How do we maintain 
the health of basic scientific research in the 
teeth of demands for short-term societally 
important answers? Should we maintain sep- 
arate seagoing infrastructures for the nongov- 
ernmental and governmental sectors? 

Existing mechanisms are inadequate to 
maintain the quality of the science that has 
hitherto been taken for granted. In the past, 
the general rising tide of federal funding could 
readily accommodate inefficiencies and irra- 
tionalities. Some mechanism for discussion, 
oversight, and the ability to act is required. 
None of the existing consortia or coordinating 
bodies is remotely adequate. Various federal 
coordinating committees do exist, but only 
sporadically function effectively~uickly 
lapsing into torpor--because in no single fed- 
eral agency is marine science an important 
enough element to capture sustained atten- 
tion at high levels. 

Whatever new mechanism is found, it 
must be one that will permit rational discus- 
sion and allocation of resources across the 
multitude of agencies involved. The resources 
involved include people and their education; 
ships for scientific and regulatory purposes, 
inside and outside the government; spacecraft 
for long-term observations; investments in the 
technologies essential to progress in the sci- 
ence; and above all, the maintenance of the 
investment in basic understanding that will be 
the foundation on which the policy decisions 
of our successors will be based. Is the construc- 
tion of such a mechanism beyond the imagi- 
nation and powers of our scientists and the 
new Administration? 
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