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C e l e b r at i N g  5 0  Y e a r s  o f  t h e

i N t e r g o V e r N m e N ta l  o C e a N o g r a p h i C  C o m m i s s i o N

 looking into the

future of ocean sciences
 an ioC perspective

abstr aC t. As the only United Nations organization specializing in ocean sciences, the 
Intergovernmental Oceanographic Commission (IOC) has the responsibility to promote basic 
marine scientific investigations globally. IOC has always given special attention to planning and 
forecasting new developments in ocean sciences, taking into account both the steady evolution 
of knowledge and fundamental changes leading to major scientific breakthroughs. Following 
that tradition, and in honor of IOC’s fiftieth anniversary, we focus on two distinct objectives 

in this article. First, we provide a glimpse of past IOC scientific achievements. 
Second, we share IOC’s vision for a marine science strategy for the next 

15 years. For that purpose, IOC has identified three critical elements 
that will likely provide the scientific and technical means to redefine 

the future of ocean sciences: (1) science drivers, (2) ocean 
instrumentation and technological developments, and 
(3) strategic frameworks for cooperation. The third element is 
of particular importance because research at unprecedented 

geographic scales is required to improve our understanding 
of climate change and ecosystem functioning, including 

biodiversity conservation and management options. 
Because this effort calls for extensive national and 
international efforts, we also discuss the role of 
comprehensive international core projects. 

b Y  l u i s  Va l d é s ,  l u C i a N o  f o N s e C a ,  a N d  K at h Y  t e d e s C o
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in 1960. The United Nations then 
designated IOC as the focal point for 
marine scientific research and the link 
between Member States on conventions 
and agreements related to marine and 
coastal issues (Holland, 2006). As the 
only UN organization specializing in 
ocean sciences, IOC is responsible for 
promoting basic marine scientific inves-
tigations on a global scale (Roll, 1979) 
and has played a major role in ocean 
science progress.

IOC has always given special atten-
tion to planning and forecasting new 
developments in ocean sciences. The 
normal planning process involves recog-
nizing scientific trends and identifying 
key scientific questions, searching for 
sources of research funds, and following 
scientific publications, technologies, and 
discussions. It also involves coopera-

tion, promoting development of new 
ideas among scientific communities, 
and tracking advances in marine instru-
mentation, methods, and monitoring 
devices. In this way, IOC serves as an 
international marine science broker by 
promoting innovation, nurturing scien-
tific programs, and promoting scientific 

excellence. Additionally, IOC analyzes 
emerging issues; disseminates informa-
tion, data, and knowledge; and coordi-
nates and evaluates scientific programs, 
best practices, assessment, and scientific 
services related to ocean sciences.

Periodically, IOC mobilizes its 
expertise to analyze the future of ocean 
research. For example, in 1969, a special 
IOC working group prepared a compre-
hensive outline for the Long-term and 
Expanded Programme of Oceanic 
Exploration and Research (LEPOR). 
There was a second assessment in 1989, 
and the third assessment, undertaken 
in collaboration with the Scientific 
Committee on Oceanic Research 
(SCOR) and the Scientific Committee on 
Problems of the Environment (SCOPE), 
was published in 2002 under the simple 
and suggestive title “Oceans 2020” (Field 

et al., 2002). The assessments are also 
reviewed internally on a regular basis 
(e.g., IOC, 2003, 2007). 

The periodicity of these prospec-
tive analyses shows clear evidence that 
strategic priorities in the ocean sciences 
are not static. In fact, we are aiming 
at a moving target, facing a changing 

iNtroduCtioN
The ocean is the main defining feature 
of our planet, covering 71% of its 
surface, and is intrinsically connected 
to the majority of human needs and 
challenges. International in character, it 
represents the best example of a global 
common because it provides a medium 
of transportation and communication 
among nations. The ocean also provides 
food, water, and mineral resources 
with direct economic implications for 
people and societies. In the face of an 
increasing human population, there is 
overwhelming pressure to overexploit 
the ocean’s living and mineral resources 
(Field at al., 2002). This is aggravated by 
the fact that the ocean is also the final 
destination of many pollution sources 
that originate on land. The ocean also 
plays a central role in climate modula-
tion, which can be regarded as the main 
service that the ocean provides to people 
and to the ecology of the planet. This 
role has gained in significance, as recent 
research demonstrates that the ocean 
mitigates the consequences of climate 
change by redistributing heat and 
absorbing excess carbon from the atmo-
sphere (e.g., Revelle and Suess, 1957; 
IPCC, 1990, 2007; Valdés et al., 2009).

For these reasons, the United Nations 
Educational, Scientific, and Cultural 
Organization (UNESCO) and the 
international community recognized 
the importance of the ocean with the 
establishment of the Intergovernmental 
Oceanographic Commission (IOC) 

 “ioC has alwaYs giVeN speCial atteNtioN 
to plaNNiNg aNd foreCastiNg New 

deVelopmeNts iN oCeaN sCieNCes.” 
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environment in ocean research and 
coastal management. The rate of environ-
mental change is unprecedented, and is 
aggravated by the fact that very few areas 
of the ocean remain pristine, unaffected 
by multiple anthropogenic interferences 
such as greenhouse gas emissions, eutro-
phication, fishing, habitat destruction, 
hypoxia, pollution, and species introduc-
tions (Halpern et al., 2008). 

Forecasting ocean science priorities 
is not an easy task and is never perfect, 
perhaps because it is based on previous 
knowledge and short-term needs in 
marine science, or possibly because it 
assumes the continuation and extrapo-
lation of existing trends. As a result, 
some potential major discoveries will 
be missed and some future trends will 
not be predicted. This negative outcome 
is not easily avoided as it is extremely 
difficult to forecast new discoveries, 
breakthrough ideas, or great insights that 
will change paradigms in ocean sciences 
(Seibold, 1999). It is also important to 
stress the strong influence of research 
councils and funding agencies in the 
selection of scientific priorities. It is 
natural to expect great advances in a 
research area they decide to support and 
fund, which could be regarded as a good 
example of a self-fulfilling prophecy. 
Nevertheless, successful science planning 
should take into account both steady 
acquisition of knowledge (evolution) 
and major scientific breakthroughs 
(revolutions). There are no infallible 

methodologies for anticipating the 
future; there are only schemes to 
reduce the uncertainty (Schwartz, 1996; 
Gunderson and Folke, 2003; Sutherland 
and Woodroof, 2009). As mentioned 
previously, the most common schemes 
consist of extrapolating current scenarios 
into the future, assuming that the present 
simulation conditions will remain in a 
steady state. It follows that the best indi-
cator of future behavior is past behavior. 
However, this approach will probably 
fail to forecast nonlinear changes in 
the course of science and research that 
quite often are the most important ones. 
An alternative scheme is to follow a 
disciplinary approach, which necessarily 
restricts the scope of our projections to 
single topics (Sutherland and Woodroof, 
2009). A third approach, more risky and 
uncertain, is to incorporate nonlinear 
events into the projections and then 
analyze contingent scenarios to assist 
long-range planning (Schwartz, 1996; 
Gunderson and Folke, 2003).

The present discussion has two objec-
tives. The first is to review the main 
actions and achievements in marine 
research that have crafted the present 
personality of the IOC’s Ocean Science 
Section. Second, it attempts to look into 
the future using the past as a source 
of information in order to formulate 
the main drivers for ocean research, 
suggest some examples of topics that 
are in need of urgent attention, discuss 
possible technological developments, 

and emphasize the importance of scien-
tific networking as an essential strategy 
for achieving ambitious goals. IOC‘s 
fiftieth anniversary is an appropriate 
moment for this assessment and review, 
which is in complete accordance with the 
International Council for Science (ICSU) 
visioning process (Reid et al., 2009) 
as well as recently published marine 
science plans (JSOST, 2007; ICES, 2009; 
UK Marine Science Co-ordination 
Committee, 2010). 

a glaNCe at past ioC 
sCieNtifiC aChieVemeNts 
Since it was founded, coordination of 
activities related to scientific under-
standing and practices has evolved 
at IOC. For instance, oceanographic 
research has expanded from individual 
initiatives to international networks, 
which not only has changed our 
approach to addressing global ecological 
questions but also has opened new 
opportunities for interdisciplinary 
research, for creating distributed facili-
ties, and for transferring knowledge and 
technologies. IOC has contributed to 
advances in ocean science by catalyzing, 
coordinating, and communicating 
marine scientific research through 
participation in research and coordina-
tion of scientific programs on targeted 
themes as well as scientific networking 
though the sponsorship of global 
research programs. IOC’s history of 
cooperation includes leading UN inter-
agency groups and also working with 
other relevant international organiza-
tions. In terms of capacity building, 
technology transfer, and outreach, IOC 
has published the results of its programs 
in both scientific journals and in litera-
ture for the general public and decision 
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makers. The Commission has also 
provided the framework for extensive 
scientific services and data archiving. 
Other important contributions are 
related to the development of standards 
and guidelines for data exchange, marine 
technology, and research. 

All IOC programs reflect the quest 
for knowledge related to fundamental 
processes and dynamics that control 
the ocean. Early examples of IOC 
endorsement and promotion of scientific 
exploration of the ocean include the 
International Indian Ocean Expedition 
(1959–65), the International Cooperative 
Investigations of the Tropical Atlantic 
(1963–64), the Cooperative Study of 
the Kuroshio and Adjacent Regions 
(1965–77), and the Cooperative 
Investigation of the Caribbean and 
Adjacent Regions (1967–76). Later, IOC 
adopted the International Decade of 
Ocean Exploration (1971–80) to provide 
a general and intensified effort for ocean 
research. At that time, IOC encour-
aged cooperation among scientists 
from various developing and developed 
nations to promote capacity building and 
technology transfer and to ensure that 
the resulting data were made available to 
the global scientific community.

This interest in expeditions and in 
the exchange of oceanographic data 
highlighted the need for improved 
bathymetric charts of the world ocean, 
a need identified over a century ago, 
when the General Bathymetric Chart 
of the Oceans (GEBCO) project was 
established under the leadership of 
the government of Monaco (Carpine-
Lancre et al., 2003). Since 1964, IOC 
has encouraged Member States to 
support the GEBCO project, which 
is currently operated under the joint 

supervision of IOC and the International 
Hydrographic Organization (IHO). This 
project engages an international group of 
ocean mapping experts who continue to 
develop and make available to the hydro-
graphic and oceanographic communi-
ties gridded bathymetric data sets, the 

GEBCO Digital Atlas, the Gazetteer of 
Undersea Feature Names, the GEBCO 
world map, and complete sets of printed 
charts (see http://www.gebco.net). 

In addition to promoting these 
extensive research programs, IOC has 
coordinated scientific planning that 
addresses research activities driven by 
more specific objectives, such as weather, 
climate, ocean health, and fisheries. 
As early as 1960, the importance of 
protecting the marine environment 
had already been recognized by the 
community, which led to the establish-
ment in 1965 of an IOC Working Group 
(WG) on Marine Pollution. This WG 
succeeded in preparing an acceptable 
definition of marine pollution and a 
classification of pollutants, stressing the 
need for better coordination to control 
these problems. In 1969, following an 
agreement among the International 
Maritime Organization (IMO), the 

Food and Agriculture Organization 
(FAO), UNESCO/IOC, and the World 
Meteorological Organization (WMO), 
with the approval of the Administrative 
Committee on Coordination (ACC), a 
joint Group of Experts on the Scientific 
Aspects of Marine Environmental 

Protection (GESAMP) was established. 
In 1972, the UN Conference on the 
Human Environment held in Stockholm 
requested that IOC create a program 
for the investigation of pollution in the 
marine environment. This request rein-
forced an activity already initiated within 
the Commission as one of the major 
projects envisioned by LEPOR. 

In 1965, the WG on Ocean-
Atmosphere Interaction was established 
with the objective of connecting the 
physical processes governing the 
atmosphere and the ocean. As early as 
1979, IOC and SCOR formed the first 
Committee on Climate Change and the 
Ocean (CCCO), with Roger Revelle as 
its chairman. CCCO provided significant 
guidance to IOC on climate research 
and climate-related programs, which 
evolved over the next few years in close 
collaboration with WMO and led to 
an intergovernmental and interagency 

 “foreCastiNg oCeaN sCieNCe priorities is 
Not aN easY tasK aNd is NeVer perfeCt, perhaps 

beCause it is based oN preVious KNowledge aNd 
short-term Needs iN mariNe sCieNCe, or possiblY 

beCause it assumes the CoNtiNuatioN aNd 
extrapolatioN of existiNg treNds.” 
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planning meeting on the World Climate 
Programme in 1980. The main outcome 
of this meeting was the establishment of 
a World Climate Research Programme 
(WCRP), sponsored in collaboration 
with IOC and ICSU. WCRP studies are 
specifically directed to provide scientifi-
cally founded quantitative answers to 
questions being raised on climate and on 
the range of natural climate variability. 
Within the WCRP framework, many 
successful interdisciplinary projects 
were supported, such as Tropical Oceans 
and Global Atmosphere (TOGA), 
World Ocean Circulation Experiment 
(WOCE), and Climate Variability and 
Predictability (CLIVAR), which is 
still active. TOGA (1985–95) was the 
forerunner to the development of the 
monitoring program for the prediction 
of El Niño and its recognition as a driver 
of the seasonal global climate (Voituriez 
and Jacques, 2000). WOCE (1990–97) 
was probably the largest ocean experi-
ment to date, involving the efforts of 
30 countries and producing a data set 
that is essential for climate research, as 
well as having many other uses.

In 1992, a second global confer-
ence on the environment was held in 
Rio de Janeiro, Brazil. This historic 
meeting influenced the evolution of 
environmental programs over the 
succeeding years. During the confer-
ence, the need for an integrated and 
comprehensive Global Ocean Observing 
System (GOOS) was recognized to 
provide information for oceanic and 
atmospheric forecasting, for ocean 
and coastal zone management, and for 
global environmental change research. 
This early commitment was made 
possible by new technological innova-
tions and instrument developments that 

were incorporated into oceanographic 
applications. Today, there is general 
agreement that GOOS has been the 
necessary catalyst to systematically 
incorporate these new technological 
developments into observations of the 
ocean. Parallel to this electronic revolu-
tion in marine instruments, there were 
also great advances in the technology 
for data transmission and information 
exchange. IOC has been particularly 
successful in establishing data exchange 
and training programs with free public 
access through the development of the 
IOC International Oceanographic and 
Information Exchange program (IODE). 
The year 1992 also brought a highly 
successful IOC Harmful Algal Blooms 
(HAB) program, established in response 
to growing concern about the increase 
in global occurrences of these events. 
HAB contributions to research, training, 
and public awareness of the causes and 
episodes of these hazardous events 
have been significant. This concern 
contributed to the adoption in 1997 of 
an independent Integrated Coastal Area 
Management (ICAM) program. ICAM’s 
objective is to build marine scientific and 
technological capabilities in the field of 
integrated coastal management through 
the provision of reliable marine scientific 
data, development of methodologies, 
dissemination of information, and 
capacity building. ICAM has achieved 
significant results and has published 
guidelines for integrated coastal area 
management (Belfiore et al., 2006) and 
for marine spatial planning (Ehler and 
Douvere, 2009).

Development of scientific advice on 
fishery research has been a constant part 
of the IOC agenda, although the program 
has remained relatively small. However, 

in 1992, the need to assign priority to 
fishery research was recognized by some 
major biological oceanography programs 
(such as Coral Reef Monitoring) and 
by international cooperative programs 
(e.g., Global Ocean Ecosystem Dynamics, 
or GLOBEC) within the International 
Geosphere-Biosphere Programme 
(IGBP). In recent years, the scientific 
community has agreed that study of the 
relationship between biological and phys-
ical elements is crucial to understanding 
and managing renewable marine 
resources. This combined ecosystem-
based approach to marine and environ-
mental sciences has been successful in 
creating awareness of the importance of 
fisheries oceanography.

Throughout IOC’s history, major 
programs covering almost all aspects 
of ocean science have been initiated, 
and some have been successfully 
completed. Recent programs include the 
IOC/World Bank Working Group on 
Coral Bleaching and Local Ecological 
Responses, initiated in September 
2000; the International Ocean-Colour 
Coordinating Group (IOCCG), estab-
lished in 1996; and, more recently, the 
IOC-SCOR Ocean CO2 Advisory Panel 
in 2000. A more detailed history of 
IOC and its past achievements in ocean 
sciences, services, and capacity develop-
ment may be found in Field et al. (2002) 
and Holland (2006).

ioC VisioN for a  
mariNe-sCieNCe str ategY: 
a 15-Year horiZoN
Parallel to the advances in research and 
technology that occurred in the last 
50 years, new scientific challenges and 
new environmental risks have emerged. 
We are now facing important changes 
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in the marine environment that are 
a consequence of our interference in 
pivotal processes that control the ecology 
of our planet. Public awareness about 
these problems has increased consider-
ably in recent years, so that societies 
are now demanding from policymakers 
proactive positions and solutions toward 
sustainable use and management of 
natural resources. Concepts such as 
ecosystem-based management, inte-
grated coastal zone management, and 
a precautionary approach have been 
exported from scientific and technical 
documents to the common vocabulary 
of policymakers. In the next 10 years, 
social pressure will probably encourage 
policymakers to reach agreements 
regarding limits on carbon emissions 
and establish planetary boundaries for 
other anthropogenic impacts. In some 
cases, these new approaches are already 
being implemented in common marine 
strategies at regional and international 
levels. They demand considerable effort 
toward increasing oceanographic and 
coastal ecosystem data acquisition, and 
toward promoting data analysis and 
technological assistance. Hopefully, 
these approaches will deepen our under-
standing of the role ocean dynamics play 
in the functioning of the Earth system, in 
climate change, and in the sustainability 
of life on Earth, which will certainly 
illuminate the boundary conditions for 
scientists to prepare accurate scenarios 
for a sustainable future.

IOC has identified three critical 
elements that will provide the scientific 
and technical means to redefine the 
future of ocean sciences: (1) science 
drivers, (2) ocean instrumentation 
and technological developments, and 
(3) strategic frameworks for cooperation. 

These three elements are interdependent 
and have a natural flow of interaction, 
so that a positive outcome in one will be 
reflected in the successes of the other two 
(Figure 1). The integration and synergy 
of these elements will help develop 
our understanding and our capability 
to forecast ocean processes. They will 
also provide the scientific information 
needed to support ecosystem-based 
management, particularly in coastal and 
nearshore environments. Hopefully, they 
will also accelerate the deployment of an 
ocean-observing system that will support 
advances in forecasting and in adaptive 
ecosystem-based management capabili-
ties. These three elements are critical and 
necessary to expand the scientific vision 
of the ocean and ensure the ocean’s 
legacy for future generations.

science drivers
Most probably, the main marine-science 
drivers for next 10–15 years will be 
climate change and ecosystem func-
tioning. Some international councils 
and national programs (e.g., ICES, 
2009; JSOST, 2007; UK Marine Science 
Co-ordination Committee, 2010) already 
have decided to support these research 
themes as priorities, and, therefore, we 
can expect great advances in these areas. 

Climate Change

There is general agreement that our 
understanding of the role the ocean 
plays in modulating Earth’s climate and 
ecology is still in its infancy, and that 
currently described adverse impacts to 
the marine environment are likely only 
a fraction of those that will be revealed 
more accurately in the coming years. 

figure 1. Critical elements identified by the intergovernmental oceanographic 
Commission for future developments in ocean sciences.
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This limitation is due, in part, to the 
difficulty in separating the impacts of 
climate change from those caused by 
other natural or anthropogenic stressors. 
Whereas in other ecosystems the impacts 
of climate change are mainly driven by 
changes in temperature, in the ocean they 
are forced by both increases in tempera-
ture and the concentration of carbon 
dioxide (CO2), modifying not only the 
thermal characteristics of the water 
column but also its physical structure and 
biogeochemistry. Both temperature and 
CO2 may alter fundamental processes in 
the physiology of marine organisms at a 
level that jeopardizes the sustainability 
of entire ecosystems (e.g., coral reefs). As 
these changes in temperature and CO2 
continue, we risk serious degradation 
of marine ecosystems, which will result 
in undesirable consequences for human 
health and welfare.

Determining how climate change will 
affect all levels of biological organization 
requires observations, experiments, and 
predictive mathematical models based 
on reliable data. Normally, predictions 
can be done accurately if the processes 
studied are subject to continuous and 
monotonic changes, so that future 
states will depend substantially on 
past states (i.e., prognosis is based in 
diagnosis). This assumption holds for 
some physical and chemical processes; 
however, biology and ecology are very 
often governed by nonlinear and discon-
tinuous changes (e.g., regime shifts). 
Prognosis is particularly difficult in 
those cases, as past events give us limited 
information on future trends. The chal-
lenge of predicting the impacts and 
outcomes of climate change becomes 
even more difficult when the combined 
effects of two or more variables are 

subject to positive or negative feedbacks, 
so that final impact on the environment 
cannot be predicted based solely on the 
sum of single-variable impacts. 

Credible and timely scientific infor-
mation is a necessary asset as nations 
engage in the process of responding 
to the challenges associated with 
climate change. Better science linked to 
improved risk management and adaptive 
management strategies will help scien-
tists and policymakers cope with the 
high levels of uncertainty related to miti-
gation alternatives and with the range of 
impacts associated with climate change 
and variability. A much more compre-
hensive and robust science enterprise 
that incorporates a better understanding 
of the ocean’s role in climate change is 
required to forecast more accurately the 
magnitude and the intensity of these 
changes at multiple scales, as well as 
to evaluate options for mitigation and 
adaptation. Examples of research topics 
on climate change that need immediate 
attention from marine scientists are 
summarized in Box 1.

Ecosystem Functioning

There is still a lot to be learned about 
ecosystem functioning and the complex 
interactions between biota and the 
physical environment. Ecological 
processes and biodiversity are essential 
to protect ecosystem resilience at local 
and global scales. In fact, resilience is 
an essential ecological characteristic to 
assure ecosystem recovery after adverse 
stresses and perturbations, as well as to 
help minimize the effects of natural or 
induced variability. Therefore, a better 
knowledge of ecosystem functioning is 
necessary for the sustainable manage-
ment of marine ecosystems and also to 

maintain, in a broader sense, a healthy 
ocean environment. For instance, marine 
ecosystem management will be greatly 
improved if the underlying dynamics 
of ecosystem functioning at a variety 
of scales is properly elucidated. This 
will be achieved through development 
of complex adaptive and predictive 
models, and through comparison of their 
results with observations from managed 
ecosystems. Such activities should also 
be carried out in combination with 
laboratory-based experiments that test 
impacts of predicted future scenarios 
on keystone species and ecosystem 
models in mesocosms. This effort will 
improve our understanding of ecosystem 
processes and will provide practical tools 
for evaluating the effectiveness of local 
and regional ecosystem-based manage-
ment initiatives. 

New investments in exploration 
and novel methods for investigating 
ecosystem components and their inter-
actions will be required in order to 
expand our understanding of ecosystem 
structure, function, complexity, and 
stability. A robust suite of indicators of 
ecosystem structure, function, produc-
tivity, and services must be evaluated and 
implemented at multiple scales (local, 
regional, basinwide). These indicators 
will help assess factors that stress and 
degrade ecosystems, such as eutrophi-
cation, harmful algal blooms, loss of 
coastal wetlands, shoreline development, 
overfishing of harvested species, invasive 
species, introduction and cycling of 
contaminants, changes in biodiversity, 
ecosystem productivity, and resilience. 
Additionally, indicators and metrics are 
needed to help monitor the restoration 
and recovery of degraded ecosystems. 
Given its importance to human welfare, 
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1. GLobaL aVeraGe TemperaTure wiLL increase by 2ºc. There 
is consensus among policymakers for accepting a world 2ºC warmer. even 
though this threshold may be acceptable for terrestrial ecosystems, it is 
probably too high for marine ecosystems. for example, in this scenario, 
the number of days with peaks in sea surface temperatures over 28–30ºC 
will increase significantly in coastal waters of subtropical regions and in 
closed seas (e.g., the mediterranean; ipCC, 2007). research should be 
encouraged to evaluate the effects of extremely high sea surface tempera-
tures on marine life, especially on the stability of some proteins. 

2. sTraTiFicaTion and oLiGoTrophy. global warming is strength-
ening water-column stratification and oligotrophy in temperate waters 
and ocean gyres, causing major decreases in marine productivity with 
undesirable consequences for marine ecosystems (mcClain et al., 2004). 
more frequent and spatially dense observations are needed in order to 
understand the causes and implications of these phenomena and to 
provide the necessary inputs and boundary conditions for the develop-
ment of more accurate numerical models, which could forecast ocean 
properties and behavior at the regional level. 

3. upweLLinG sysTems and chanGes in wind reGimes. 
upwelling systems are present in large areas of major oceans and are 
closely linked to atmospheric conditions. These wind-driven systems 
force cold, nutrient-rich bottom waters toward the ocean surface, fertil-
izing the euphotic zone, increasing primary production, and sustaining 
rich fisheries. upwelling systems also drive the climatic conditions of 
adjacent continental land masses, which are usually deserts. in the 
current scenario of climate change, there are controversial hypotheses 
regarding future trends in the weakening or strengthening of the intensity 
and seasonality of upwelling systems. further in situ research and new 
ocean circulation models are needed to fully understand the evolution 
and dynamics of those changes. 

4. ocean acidiFicaTion. ocean acidification is a direct consequence 
of oceanic absorption of excess carbon dioxide from the atmosphere, 
causing irreversible changes in ocean chemistry and impacting marine 
life, particularly species that rely on calcareous structures (e.g., coral reefs, 
shellfish, and echinoderms, among others). The ocean is more acidic 
today than it has been for the last 800,000 years (esf, 2009). decreasing 
ph levels will reduce the ocean’s capacity to absorb future carbon 
dioxide, leaving more emissions in the atmosphere. more research on 
ocean acidification is needed as the consequences of these changes for 
marine ecosystems are still unclear. 

5. carbon cycLe and ocean producTiViTy. accurate estimates 
of regional and global sources and sinks of carbon are essential to coor-
dinate better management practices and to assess the environmental 
sustainability of the use of some new carbon-based fuels (e.g., gas 
hydrates). additionally, how global warming is affecting primary produc-
tion and respiration, and consequently the capacity of specific ecosys-
tems to sequester and recycle carbon (e.g., sea grasses, mangroves and 
salt marshes), remains largely unknown (Nellemann et al., 2009).

6. Geo-enGineerinG (earTh sysTem enGineerinG). despite 
the compromises that were agreed upon during the 2009 Copenhagen 
Cop-15 (Conference of the parties-15) meeting concerning control and 
target emissions of greenhouse gases, there are concerns that suggested 
mitigation actions may not be sufficient or may not be implemented 
in time to avoid adverse impacts from climate change. in that scenario, 
some geo-engineering methods are being considered for moderating the 
consequences of climate change. These methods include technologies for 
directly removing carbon dioxide from the atmosphere, and also technol-
ogies to manage solar radiation that reaches the planet’s surface (royal 
society, 2009). The ocean can be directly used and directly affected by 
such techniques, for instance, ocean fertilization and the storage of Co2 
in deep-sea reservoirs. although dispersing aerosols and other actions 
on the stratosphere could theoretically reduce temperatures globally by 
controlling incoming solar radiation, they will not reduce atmospheric 
carbon dioxide concentrations or ocean acidification. intensive research 
is needed to evaluate the efficiency, risks, and consequences of these 
interventions and to assess their viability to mitigate impacts of climate 
change without creating new undesirable environmental consequences.

7. bio-physicaL impacTs oF cLimaTe chanGe. The impacts of, for 
example, sea level rise, increase in wave heights, coastal erosion, storms 
and seasonal weather influences, density changes due to ocean-ice inter-
action in the high latitudes, and nonlinear changes in ocean circulation 
have been explored throughout the past several decades, but further 
research is needed to fully understand them. in addition, biological 
effects of climate change, such as changes in the distribution of species, 
migration patterns, and habitat location of fish stocks, need permanent 
efforts to monitor and validate model predictions and scenarios for 
sustainable management of living resources.

box 1. examples of researCh topiCs iN Climate Change  
that Need immediate atteNtioN from mariNe sCieNtists
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1. ecosysTem resiLience. one key research question is to evaluate 
the role conservation of biodiversity has on the resilience of ecosystems 
in the face of adverse natural and anthropogenic impacts like climate 
change and fisheries. This assessment will also help explain the role 
of some species, including top predators, in the sustainability and 
balance of marine ecosystems. recent efforts to develop ecosystem-
based approaches for the management of coastal areas and coastal 
biodiversity are also connected to the sustainability of the use of 
ocean living resources.

2. biodiVersiTy and ecosysTem FuncTioninG. The wide-ranging 
decline in marine biodiversity is probably a consequence of habitat modi-
fications and destruction, of increased rates of invasion by deliberately or 
accidentally introduced non-native species, and of the overexploitation of 
living resources, as well as other human-caused impacts. species can vary 
dramatically in their contributions to ecosystem functioning. in fact, the 
loss of certain keystone organisms, which have high ecosystem value, can 
trigger a disproportionate impact on the community when compared to 
the loss of other species. 

3. discoVerinG microbiaL diVersiTy and FuncTionaLiTy. 
microorganisms are primary drivers of global element cycles and are 
essential for the functioning of all ecosystems. They contribute substan-
tially to the productivity of oceanic and continental ecosystems. however, 
the interconnection between microbial diversity and distribution and the 
metabolism, productivity, and functionality of ecosystems remains largely 
unknown. since microbial organisms may make up > 90% of the ocean’s 
biomass, and comprise a yet unknown diversity of genetic information 
and metabolic capacity that substantially exceeds that of animals and 
plants, discovering the diversity of marine microbes is the first step toward 
a better understanding of ocean life and is a high-priority task.

4. ecoLoGicaL consequences oF inVasiVe species. lionfish, 
ctenophores, and crabs, among other dozens of invasive species, could be 
cited as examples of major ecological problems that need more attention 
(uNesCo, 2002; sutherland et al., 2009). until now, we have recorded many 
severe episodes of this serious ecological problem, but only a few have been 
properly monitored. we still need to evaluate the processes though which 
invasive species alter, stress, and reduce the resilience of marine ecosystems. 
Controlling measures to limit the transference of species are not fully 
implemented or respected at the moment. monitoring programs should 
incorporate control of ballast water and other vectors for transferring 
species, as recommended by the ballast water Convention and subsequent 
publications (e.g., tamelander et al., 2010).

5. deoxyGenaTion oF The ocean. The intermediate-depth, low-
oxygen layers of 300–700 m (oxygen minimum zone) in the central and 
eastern tropical atlantic and equatorial pacific oceans have expanded 
and become more anoxic since 1960. These zones have expanded and 

contracted in the past, with some periods exhibiting extensive areas of 
hypoxic conditions characterized by low levels of biodiversity. models 
predict a further decline in the concentration of dissolved oxygen in the 
ocean as the climate continues to warm. deoxygenation of the ocean 
is likely to have substantial effects on ocean ecosystem structure and 
productivity, making it essential to investigate the causes and conse-
quences of this phenomenon. 

6. scaLes oF ecosysTem VariabiLiTy. The structure and functioning 
of marine ecosystems result from the tight interaction between their 
different physical, chemical, and biological components, driven by fluid 
dynamic processes over a wide range of spatial and temporal scales. 
a considerable part of this variability may be correlated with physical 
forcing. for example, on small scales, water turbulence and viscosity may 
directly and indirectly affect the physiology of small marine organisms. 
at the scale of a few to tens of meters, advective and turbulent flows 
transport planktonic organisms and nutrients around the water column. 
mesoscale structures such as eddies and fronts affect the dynamics of the 
ecosystem from low (primary producers) to high (fish) trophic levels. we 
need to identify and understand key processes across different scales of 
variability in order to accurately model and predict ecosystem dynamics 
(Valdés et al., 2007).

7. undersTandinG The deep ocean. The open ocean and deep sea 
beyond national jurisdiction of coastal nations covers almost half of earth’s 
surface and gives refuge to unique and varied biodiversity. additionally, 
options for mitigating the impacts of climate change will certainly involve 
the use of the high seas and deep seafloor for carbon sequestration, sinks, 
and storage. These issues require international interdisciplinary discussion. 
also related to these issues are the establishment of global regulation and 
governance of transboundary and high-seas marine protected areas and 
the consequent protection of biodiversity, connections to straddling fish 
stocks, and regulation of high-seas biodiversity (iddri, 2009).

8. impacTs oF new poLLuTanTs on ecosysTems. special atten-
tion should be given to marine pollution and impacts on habitats and 
ecosystems. for instance, during the past 40 years, world production of 
plastic resins has increased some twenty-five-fold, while the proportion of 
material recovered (5%) has remained constant, so that plastics account for 
a growing segment of urban waste. once discarded, plastics are weathered 
and eroded into very small fragments known as microplastics. These 
particles, together with plastic pellets, are already found on most beaches 
around the world (ogata et al., 2009), and we still do not know the impacts 
they will have on the marine environment and on the marine food web 
(sutherland et al., 2009). The rapid identification of new pollutants and 
mechanisms to address them in an adequate time frame is another concern 
(e.g., the use of fire retardants in clothing and their subsequent reappear-
ance in the arctic marine environment, and antibiotics’ role in generating 
antibiotic-resistant microbial strains, which is largely unknown).

box 2. examples of researCh topiCs oN eCosystem FunCtioning 
that Need immediate atteNtioN from mariNe sCieNtists



Oceanography september 2010 169

the maintenance of ecosystem func-
tioning should be included as an integral 
part of national and international poli-
cies designed to safeguard the health of 
ocean ecosystems. Box 2 summarizes 
some examples of research topics on 
ecosystem functioning.

ocean instrumentation and 
technological developments
We are currently benefiting from the 
expansion of the technological revolu-
tion that started in the 1960s. Since then, 
three phases of technological innovation 
have been incorporated into oceano-
graphic applications, two of them related 
to ocean observations and the other to 
the use of information and analysis. First, 
there were developments in electromag-
netic remote sensing (satellite era) and 
underwater acoustics. Then, new tech-
nologies for the analysis and dissemina-
tion of information and communication 
were made available for marine research. 
Finally, the revolutionary development 
of probes and in situ chemical and 
biological sensors that record a variety 
of information, including data on 
sentinel organisms and habitats collected 
from moored instruments and drifting 
buoys. These fundamental changes 
(or evolutions) provide an astonishing 
amount of data in near-real time to the 
oceanographic community. 

More frequent and spatially dense 
observations are needed to determine 
how changes in climate and in ecosystem 
functioning will affect different levels 
of biological organization. With 
these, we should continue to see great 
advances in the development of arrays of 
oceanographic instruments; in situ and 
remotely sensed data acquisition, inte-
gration, and interpretation; information 

management; and computer simulation 
and visualization. Sustained missions 
and improved satellites with new sensor 
capabilities are necessary to realize the 
full potential of satellite-based observa-
tions. In situ sensors deployed on moor-
ings and drifting buoys are necessary 
to complete the range of processes and 
depths. Both satellites and in situ sensors 
are needed to collect information for a 
sufficient time period to allow detection 
of subtle, background climate trends 
with three-dimensional resolution and 
to resolve parameters such as currents 
and sea-ice thickness, in order to draw a 
more complete picture of fundamental 
climate processes (Kroger et al., 2009). 
These new technologies are expected 
to provide observations with improved 
accuracy and range of measurements as 
well as better spectral and spatial resolu-
tions (Gunn, 2009; Figure 2).

Bio-tagging is a promising approach 
that can be expanded to include 
advanced acoustics and mapping capa-
bilities and other sensors, thus providing 

more accurate information on the ocean 
environment toward understanding 
processes that influence ecosystem 
productivity and better defining manage-
ment options that respect the use of 
space by these species (Gunn, 2009; 
Costa et al., 2009; Kroger et al., 2009). 
Biotechnology applied to taxonomy and 
biochemical analysis (genomics) has 
improved in recent years, but we still 
need to demonstrate that these tools can 
be applied to resolve key questions and 
that they can be inexpensive and easy 
to use (Zehr et al., 2008; Scholin, 2009). 
Nanotechnology will be incorporated, 
sooner or later, into ocean observation 
instruments, but this new phase in tech-
nological development needs to mature 
before it can be fully implemented in the 
ocean sciences.

Better observations will also provide 
the necessary inputs and boundary 
conditions for the development of more 
accurate predictive models for climate 
and Earth system behavior. Those 
models are continuously increasing 

figure 2. New technologies for observing global ocean biology. Adapted from Gunn (2009) 
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in complexity and sophistication and 
are necessary to complement observa-
tions and experiments. They are now 
incorporating more realistic scenarios 
that take into account a full range 
of anthropogenic impacts on the 
global environment.

In summary, fostering scientific and 
technological innovation will enable 
breakthroughs in our basic under-
standing of ocean biology, chemistry, 
geology, and physics as well as the 
interconnections among these disci-
plines. Advances in sensor capabilities, 
including nanotechnology, genomics, 
and robotics, are providing unprece-
dented access to and perspectives on the 
ocean environment. These new observa-
tions, made at improved temporal and 
spatial scales, may revolutionize our 
understanding of the ocean environ-
ment. Continuous access to the open 
ocean, coastal zones, and watersheds 
depends on novel infrastructure and 
technology, from sensors to satellites to 
unmanned vehicles. The development 
of innovative tools such as remotely 
operated and autonomous vehicles; 
molecular techniques and genetic 
sequencing; and physical, chemical, and 
biological sensors will facilitate new 
experiments and permit the study of 
processes ranging from isolated episodes 
to global cycles. Improving existing 
in situ sensors and developing new 
biochemical sensors requires the partici-
pation of the engineering and research 
communities. Additionally, research 
communities and resource managers will 
need to coordinate efforts to validate and 
find new applications for these improved 
measurements. However, bridging the 
gap between what is theoretically desir-
able and possible to what is feasible and 

practical is often the most difficult chal-
lenge in the design of monitoring tools 
(Kroger et al., 2009).

strategic frameworks for 
Cooperation: “one planet, 
one ocean”
Research at unprecedented geographic 
scales will be required to improve 
our understanding of climate change 
and ecosystem functioning, including 
biodiversity conservation and manage-
ment options. During the OceanObs`09 
meeting, there was a general call for the 
creation of a new framework of sustained 
ocean observations to be available in the 
next decades (see OceanObs`09 white 
papers at http://www.oceanobs09.net/
cwp). This framework will integrate new 
biogeochemical and physical measure-
ments with ecosystem observations, 
while preserving and supporting existing 
structures. A similar call was made in 
the UNESCO document One Planet, One 
Ocean (UNESCO, 2002)

Recently, attention has been shifting 
increasingly toward multidisciplinary 
“observatories,” a clear advance from 
the traditional physical and atmospheric 
measurements collected largely by 
moorings and other in situ platforms. 
Both technological advances and the 
recognition that human activities are 
inducing major changes to Earth’s 
climate system and ecosystems drove this 
shift. The new challenge—to understand 
the influence of climate on ecosystem 
functioning and biogeochemistry—will 
require an interdisciplinary approach 
that simultaneously captures all aspects 
of physical, biological, and chemical 
forcing mechanisms. 

A number of regional and interna-
tional cooperative networks for the study 

of targeted ecosystems have been estab-
lished and have progressed considerably; 
these include the International network 
of Coral Reef Ecosystem Observing 
Systems (I-CREOS), the Ocean 
Sustained Interdisciplinary Timeseries 
Environment observation System 
(OceanSITES) for deep-ocean investiga-
tions, the European Network of Marine 
Research Institutes and Stations (MARS) 
focusing on regional marine biodiversity, 
and others listed in Box 3. However, 
essential research priorities like climate 
change and ecosystem functioning 
depend on the development and imple-
mentation of global networks of multi-
disciplinary capabilities. These networks 
should be able to address the physical, 
chemical, and biological properties of 
coastal ecosystems as well as marine 
ecosystems at appropriate temporal and 
spatial scales under multiple climatic 
regions. Deployment of a robust and 
global ecological observing system that 
could describe the actual state of the 
marine ecosystem and key processes will 
fundamentally change society’s view of 
the ocean environment.

This ideal observing network will 
require extensive infrastructure, 
including: (1) in situ observatories in 
the ocean, on the seafloor, and across 
the land-water interface; (2) shore-based 
laboratory facilities for sample analysis 
and experimental manipulation; and 
(3) a wide range of survey capabilities 
together with observing-system main-
tenance procedures. In that context, 
marine laboratories around the world 
have great potential as infrastruc-
tures dedicated to the development of 
research, training, and education, as 
well as conservation of marine biodi-
versity. Marine laboratories are found 
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in almost every coastal country, often 
in relatively undisturbed locations, with 
ready access to representative coastal 
habitats and ecosystems, and many are 
government supported (or government 

via universities) with strong mandates 
for resource management. These regional 
marine laboratories encompass a unique 
and much needed geographic scale of 
environmental and ecological gradients, 

and their regional data sets (often 
including an invaluable historic data 
time series that, in some cases, stretches 
back more than 100 years) are funda-
mental to enabling comparative studies 

1. The association of marine laboratories of the Caribbean (amlC) 
was founded in 1957. an alliance of 36 marine laboratories with 300 indi-
vidual members, it is an example of a regional network of marine labo-
ratories formed to investigate marine biodiversity. amlC is a governed 
by an executive board consisting of one representative from each insti-
tutional member plus a group of officers elected by the executive board. 
scientific meetings are held every other year. 

2. The us national association of marine laboratories (Naml), orga-
nized in the late 1980s, is a nonprofit organization of over 120 members 
employing more than 10,000 scientists, engineers, and professionals and 
representing marine and great lakes laboratories that stretch from guam 
to bermuda, and from alaska to puerto rico.

3. The european network of marine Research institutes and stations 
(mars) was established in the early 1990s to unite marine institutes and 
stations, particularly (but not exclusively) those with coastal laboratories 
immediately adjacent to the sea. by representing marine institutes and 
stations and the scientists working at these sites, mars welcomes all 
types of expertise and interests, including chemists, physicists, ocean-
ographers, biologists, ecologists, geneticists, and scientists from other 
disciplines. today, mars is composed of 65 institutions located in 22 
european countries. 

4. The Partnership for observation of the global oceans (pogo) is a 
forum created in 1999 by directors of the major oceanographic institu-
tions to promote global oceanography, particularly the implementation 
of international and integrated global ocean observing systems. pogo is 
made up of 35 marine institutions distributed in 18 countries. The vision 
is to foster partnerships that advance efficiency and effectiveness in 
studying and monitoring the world ocean on a global scale.

5. since 1999, the oceansites (ocean sustained interdisciplinary 
timeseries environment observation system) project has been coor-
dinating and facilitating the implementation of a global open-ocean 
network of sustained time-series sites. more than 60 institutions repre-
senting 22 countries operate about 60 long-term stations (30 surface 

and 30 subsurface) that monitor the full depth of the ocean, from air-sea 
interactions down to 5,000-m depth. oceansites is now an official 
component of the global ocean observing system (goos) and is recog-
nized and supported by CliVar (Climate Variability and predictability 
program) and pogo. oceansites is positioned to become the global 
sustained time-series reference network for studying high-sea ecosystems 
at representative or critical sites in the climate and earth system.

6. The unesCo man and the Biosphere Programme (uNesCo-mab), 
world Network of biosphere reserves (wNbr) provides the scientific 
community with a network of well-preserved areas where anthropo-
genic impacts are minimized, and it contributes to the pursuit of the 
millennium development goals, in particular those on environmental 
sustainability. The biosphere reserve concept, developed initially in 
1974, was substantially revised in 1995. today, the network comprises 
more than 90 marine reserves in 40 countries (salvatore arico, uNesCo, 
pers. comm., 2010). 

7. The marine Protected areas (mpa) concept has evolved from 
isolated, coastal, small-sized mpas (mostly linked to small islands) to a 
more complex ecological and conceptual meaning. Now mpas are inte-
grated in networks, and are planned in open oceanic waters and/or the 
deep sea, extending protection to large areas beyond national jurisdic-
tion. Currently, the available database of protected sites stores informa-
tion on over 6000 mpas. The global distribution of mpas is heavily biased 
toward continental coastlines, with a few (recent) exceptions, but all 
of them provide the scientific community with natural, well-preserved 
environments where anthropogenic impacts are minimal. globally, mpas 
have grown very rapidly since the 1970s, coincident with various inter-
national conventions, particularly the ramsar Convention, the world 
heritage Convention, and the uNesCo-mab program. This rapid growth 
in mpas indicates that these international conventions may have a very 
valuable role to play in facilitating the protected-area designation process 
at national and local levels.

box 3. existiNg NetworKs of obserViNg faCilities , proteCted areas, 
reserVes, mariNe laboratories, aNd other assoCiatioNs
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on marine biological diversity and its 
relationship to ecosystem functioning. 

Far-flung marine laboratories share a 
common scientific culture and common 
traditions that predispose them to coop-
erative programs and to networking. 
For example, the Association of 
Marine Laboratories of the Caribbean 
(AMLC) has held annual scientific 
meetings for almost 30 years. In the late 
1980s, US marine laboratories formed 
the National Association of Marine 
Laboratories (NAML), as well as regional 
groups such as the 35-member Southern 
Association of Marine Laboratories 
(SAML). More recently, in 1990, 
65 European marine laboratories joined 
together to form MARS (Box 3).

This network will also offer crucial 
support to global scientific programs 
such as IGBP and WCRP, in which ocean 
data and routine observations contribute 
to regular reports on the state of the 

marine environment as requested by 
the UN General Assembly. But prob-
ably the single most important aspect 
of the network is the development of 
the user community that is essential for 
assuring the long-term maintenance 
of the observations. 

Recent findings reported by IPCC 
(2007) show that the climate system is 
moving toward a more unstable state, 

which could lead to abrupt increases 
in sea level and global temperature. 
Therefore, detecting climate varia-
tion should be regarded as the highest 
priority. The proposed network would 
provide the information necessary 
to improve our ability to predict and 
monitor these trends and variations in 
climate. Analysis of these observations 
will allow the development of more 
effective adaptation and mitigation 
strategies, which may help reduce the 
consequences of climate change. Climate 
change is a global threat that does not 
respect borders, political boundaries, 
oceans, continents, or north-south divi-
sions. Therefore, scientific cooperation, 
capacity development, and transfer of 
technology between developed and 
developing countries and a more inte-
grated science process, in a spirit of 
solidarity, could contribute substantially 
to these urgent needs. 

At a global scale, facilitation of 
networking will require substantial 
future financial support over the long 
term. Networking is critical for encour-
aging developing countries to engage 
significant means to reinforce scientific 
cooperation and education programs 
that would benefit the whole global 
community of countries. Such a network 
of laboratories and stations is a realistic 

and an achievable objective if it is prop-
erly supported by international councils. 
A network of coastal-marine laboratories 
based on existing facilities, and incor-
porating other initiatives and networks, 
including marine protected areas (MPA) 
and OceanSITES, could provide the 
necessary resources for training, capacity 
building, and knowledge transfer in 
both coastal areas and oceanic regions. 
In this perspective, a world association 
of marine stations and institutes would 
give impetus to the examination of 
high-priority global problems, including 
biodiversity from genes to ecosystems, 
marine geochemistry, fisheries, ocean 
health, and impacts of climate change. 
Expert consultation among scientists and 
managers, policymakers, and funding 
bodies is necessary to explore ways and 
means of putting these ideas into prac-
tice, a role that UNESCO-IOC can play 
along with its other partners worldwide.

the role of CompreheNsiVe 
iNterNatioNal Core proJeCts
Extensive national and international 
efforts and cooperation will be required 
to address the ocean research priori-
ties discussed in the previous section. 
This cooperation should involve many 
sectors of the marine and ocean sciences 
community, from academic institutions 
to governmental and nongovernmental 
organizations. The active involvement 
of end users of scientific information, 
including resource managers, policy-
makers, and individual citizens, will 
enhance the impact and value of our 
research initiatives. Integrating research 
priorities, scientific communities, and 
stakeholders in common goals under an 
international program is always a chal-
lenge, but the effort very often results in 

 “sCieNCe iNitiatiVes at ioC are prioritiZed to 
foster high-leVel sCieNCe aNd to build NetworKs 
of sCieNtifiC faCilities at the global sCale.” 
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worthwhile achievements.
During the last 25 years, there have 

been calls for comprehensive interna-
tional core projects designed to answer 
some key oceanographic questions, often 
related to the understanding of crucial 
ocean processes, and to the sustainability 
and health of the ocean system. A good 
example of these initiatives is GLOBEC, 
the IGBP core project, initiated by 
SCOR and IOC in 1992, with the aim 
of advancing our understanding of how 
global change will affect the abundance, 
diversity, and productivity of marine 
populations and their ecosystems. 
GLOBEC has now ended, and we can 
affirm its success.

Such projects, among others, should 
be regarded as very successful initia-
tives, and it is important to say that 
this integrated approach to accomplish 
large-scale science is actually expanding 
our knowledge about the oceanic system. 
These large-scale international programs 
are often created under the steward-
ship of international organizations like 
IOC, which follow their achievements 
during the entire lifetimes of the proj-
ects. As a result, these international 
organizations are in a privileged posi-
tion to help identify the interconnected 
factors contributing to the positive 
outcome of one program, and with that 
establish a systematic methodology to 
facilitate the establishment of new core 
projects and programs. 

At the SCOR summit meeting in 
2009, several international organiza-
tions initiated a discussion on the 
international framework and principles 
for developing new large-scale research 
projects in ocean sciences. There was 
general agreement on a set of principles 
that a project must satisfy in order to 

qualify for adoption as a large-scale 
international project. For example: 
(1) the project should be of scientific 
relevance for understanding the ecology 
of the planet and the future evolution 
of our oceans and climate, (2) its objec-
tives and approaches should not already 
be addressed in a comprehensive way 
by any other international research 
program, (3) the project should be 
based on multidisciplinary research and 
should foster scientific cooperation and 
integration of funding agencies, (4) its 
governance and financial structure 
should be transparent, and (5) its objec-
tives should be achievable in short-to-
mid term (10–15 years) and the results 
should be properly communicated. In 
order to satisfy these principles, the 
projects must comply with requirements 
summarized in Box 4. 

Many recent advances in ocean 
sciences are the results of large-scale, 
internationally coordinated research 
projects. This new trend of associative 
approaches has opened new opportuni-
ties for networking, distributed facilities, 
interdisciplinarity, transfer of knowledge 
and technologies, and, particularly, 
achieving successful results that are 
cooperative and collective. However, 
collaboration among oceanographers, 
and among marine and environmental 
scientists, is still to be fully developed. 
Much work remains to achieve a true 
interdisciplinary collaboration that 
regards the ocean as part of the whole 
Earth system. Hopefully, the new large 
projects and programs that will emerge 
in coming years will have a consistent 
bottom-up development approach, and 
will receive broad support from the 
community, following the legacy of other 
successful initiatives.

CoNClusioNs
Although multinational cooperation 
has promoted ocean scientific research 
for the past 50 years, the ocean remains 
relatively unexplored. Put into a larger 
context, more than 1,500 people 
have climbed Mount Everest, more 
than 300 have journeyed into space, 
and 12 have walked on the moon, but 
only 5% of the ocean floor has been 
investigated and only two people have 
descended and returned in a single dive 
to the deepest part of the ocean. On the 
other hand, no part of the ocean remains 
unaffected by human activities, such as 
climate change, eutrophication, fishing, 
habitat destruction, hypoxia, pollution, 
and species introductions. Therefore, the 
scientific study of ocean should be an 
international priority.

Clearly, the drivers for ocean scientific 
research are connected to sustainable use 
of the ocean and to understanding, miti-
gation, and adaptation to climate change. 
In that sense, the main ocean-related 
scientific problems of our time are inter-
disciplinary and call for cooperation 
between different branches of science. 
These problems need to be addressed 
on a global scale through extensive 
international cooperation, which is 
clearly the case with climate change and 
ecosystem functioning. Additionally, 
there is an increasing call for more social 
engagement, with science responding 
more effectively to societal needs. Thus, 
international cooperation is the key to 
ensure cohesion in marine science and 
development. For that, IOC will continue 
to maintain and extend institutional 
relationships relevant to UN agencies, 
international councils, global programs, 
and nongovernmental organizations, and 
participate in alliances and international 
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agreements related to, for instance, 
ocean governance.

Science initiatives at IOC are priori-
tized to foster high-level science and to 
build networks of scientific facilities at 
the global scale. The drivers and priori-
ties for the next 15 years identified in 
this paper are clearly stated in IOC’s 
high-level objectives for science, which 
include climate change, ocean health, 
coastal research, and assessment and 
management of marine ecosystems. 
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