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The sea is both pure and tainted, healthy and good haven
to the fish, to men impotable and deadly.
Hearclitus, ¢. 500 BCE (Before the Common Era).

Anthropogenically induced climate change has created a
set of intriguing scientific problems pertaining to the Seas
and the Oceans on earth that can be monitored, analysed,
modelled and consequently understood at some level. The
international research community is deeply engaged in this
endeavour as exemplified by the United Nations Decade of
Ocean Science for Sustainable Development (2021-2030).
Even so, the types of problems caused by human activity
are inherently difficult to solve, if solvable at all, making
them equally difficult to approach and manage. Here we
address these as ‘wicked problems’ (first discussed by
Churchman 1967, and later defined and formalized
regarding social and natural sciences by Rittel and Webber
1973), posing challenges that currently seem to surpass our
ability to tackle them.

We see the Sea and the Oceans, but mainly from
above—we see only the surface. A curved and broken line
that separates our world from the one below, from the life
in and of the Sea. Seen from ashore, its beauty and
incessant perplexity is staggering—an outlook which we
increasingly seek refuge in, for recreation and for well-
being (see for instance Bowen et al. 2014).

Our land-based perspective is rewarding, but also lim-
iting in its lack of three-dimensionality, because the vast-
ness of the Seas and the Oceans is so much more than the
surface we observe from a distance. It is what we cannot
see which makes it so challenging to understand. Water
stretches across basins and beneath ice shelves, extending
all the way down to the abyssal depths. The Seas and
Oceans cover over 70% of Earth’s surface or
3.61 x 10" km? with a total mass of 1.4 x 10*' kg (Vallis
2011). It has a mean depth of over 3.7 km, but even so all
water on Earth can still be fitted in a sphere of only
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1400 km in diameter. Despite big numbers, clean water is a
scarce commodity that needs to be treated accordingly.

Ocean circulation and overturning, processes that
involve wind-driven gyres, turbulent diffusion and the
sinking of surface water, are unevenly distributed globally.
Gebbie and Huybers (2011) estimate that 15% of the total
ocean’s surface accounts for 85% of the production of deep
water. Despite the fact that this production is localized to a
few high latitude areas, it still enables continued water
mass exchange between the major interhemispheric basins.

This vital engine helps maintain a balance in earth’s cli-
mate by constantly moderating it through uptake of heat and
subsequent redistribution. On a human time scale, the ocean
engine is slow, given the volume in question, explaining why
it can take up to 1200-1500 years before submerged surface
water in the Pacific Ocean reach the deepest parts of the basin
(Gebbie and Huybers 2012) or even longer before it resur-
faces, all depending on which ocean and water mass you
examine (Wunsch and Heimbach 2008).

It is that sluggishness we have come to rest the funda-
ments of our fast-growing and fast-living civilizations on
because if the heat absorbed was released back from the
ocean on shorter time scales the impact of our expanding
footprint would be immediately evident. This is but one
explanation for why we have taken the goods and services
provided by the Seas and Oceans for granted through the
centuries, a type of behaviour which has cemented a view
that is hard to change. Numerous species have been deci-
mated until saved in the last hour like the Antarctic blue
whale (Attard et al. 2016) or the sea otter (Doroff et al.
2003). The list of threatened species is growing by the day
which in effect makes the global marine ecosystem less
resilient to further change (Levin and Lubchenco 2008).
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The Ocean’s great storage capacity is something we
have exploited to the full, and have done for quite some
time. For much too long we have believed in the concept
that “dilution is the solution to pollution”, and that the
resources in the ocean, though plentiful, would be endless.
Surplus heat and CO, are absorbed and funnelled to the
darkest nadirs, not to return to the surface before centuries
have passed. The dire side of the industrial revolution is
conveniently hidden from our naked eye—if we don’t see
it, it’s easier to pretend it’s not there.

Even so, there is an increasing interest in the Oceans and
the Seas, politically as well as commercially. The paradox
is inescapable, encapsulating our contorted modernity. We
undermine its functions at the same time as we expect ever
more from it. Because more food needs to be marine, and
as we harvest down the food web, we inevitably make
recovery slower and more uncertain. Removing large
predatory mesopelagic fish (i.e. top predators) will alter the
entire marine food web through trophic cascades, including
pelagic primary production, and might have unforeseen
impacts on the general energy flow of the entire marine
ecosystem (van Denderen et al. 2017) and on their role in
capturing and exporting CO, from the surface (Pauly et al.
1998; Daskalov et al. 2007). Goods must be transported
with ships (already 90% of global trade is by sea (Valentine
et al. 2013)), and atmospheric CO, must be taken up,
preferentially at the same pace as now or faster. We have
created a series of wicked problems, where the solutions
we propose oftentimes trigger new problems, or are merely
covering up for old sins.

Despite the fact that sea level since 1993 has risen with
3.1 mm + 1.4 mm y ' (Dangendorf et al. 2017) enhancing
the risk of costal hazards, the coastal population of the
planet is on the rise. The fraction of humans now living less
than 100 km from the coast is at least 40% (Small and
Nichollis 2003; http://www.un.org/esa/sustdev/natlinfo/
indicators/methodology_sheets/oceans_seas_coasts/pop_
coastal_areas.pdf), and scenarios suggest that the trend is
steepening (Neumann et al. 2015).

Our systematic exploitations have had, and continue to
have severe effects on marine and terrestrial ecosystems
and on global climate itself. Some of these effects are
secondary, and we have barely seen the manifestation of
them yet. Many of these problems are wicked: they are
moving targets that cannot be fully solved on human time
scales, and the success of whatever potential solutions we
come up with are contingent on how we frame them and
what type of conflict of interest they embed in the first
place.

On a geopolitical level the UN’s 17 Sustainable
Development Goals are important, embodying a moderate
progress. They are written in the expectant language that
international politics demands. Goal #14, curiously dubbed
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‘Life below water’, is all about the Oceans and the Seas.
Target 14.3 states that we need to « Minimize and address
the impacts of ocean acidification, including through
enhanced scientific cooperation at all levels. » (https://
sustainabledevelopment.un.org/sdg14).

As opposed to many other consequences of industrial
CO, emissions, ocean acidification is easier to grasp, but
harder to reverse. More CO, in the atmosphere due to
combustion of fossil fuels equates with more uptake of CO,
by the Oceans (e.g. Le Quéré et al. 2017). This gradually
affects and ultimately lowers the pH value of the ocean,
which in turn contributes to ocean acidification. Observa-
tions confirm this (e.g. Sabine et al. 2004). Observations
also confirm that we keep on emitting CO, at a surprisingly
high rate (as if the currency of scientific knowledge carries
limited value for political decision-making and subsequent
societal action), and once the CO, is absorbed by the upper
layer of the ocean it cannot easily be undone.

There is no backdoor out of this wicked problem, which
we barely understand the range or severity of. There is no
silver bullet that will present a universal remedy for the
wickedness. Having a political target that depends upon
‘enhanced scientific cooperation at all levels are’ is cour-
teous to the science community, but will do little to
‘minimize the impact’ or, more importantly, halt the cur-
rent development on human time scales unless other agents
and processes put that insight to good use.

Acknowledging the problem, making it emblematic, but
doing next to nothing is confusing and demotivating. It
paints a contradictory picture of reality that obfuscates a
clear understanding of what the crux of the problem is: our
continued emissions of greenhouse gases, our continued
harvests and usage of ecosystem goods and services. And
by doing so, it becomes increasingly harder for the public
to identify pathways to action that at least resolve parts of
the problem. We need an opening that shows the way
forward, and we need positive and sustainable examples
based on scientific knowledge, implemented at full scale
rather than just demonstration-projects. An equivalent to
The Montreal Protocol on Substances that Deplete the
Ozone Layer, only for the ocean, would serve the purpose
only if it were fast enough. Precisely how The Paris
Agreement will be played out in terms of reduced CO,
emissions remains to be seen, as is true for the COP23
meeting in Bonn in November 2017, but atmospheric
concentrations of CO, will continue to soar in decades to
come and have in fact increased for 2017 as well (Le Quéré
et al. 2017).

Global sea level rise is another wicked problem. There
are many others including deoxygenation (Keeling et al.
2010) and plastic debris (Law 2017), which have little in
common except that they need to be addressed and man-
aged. Reaching an international agreement on marine
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plastic pollution could be the first important step towards a
less polluted scenario (Borelle et al. 2017). As for deoxy-
genation, it is barely mentioned in governmental papers
(Gallo et al. 2017). Other issues, like temperature and sea
level, are possibly better known outside the science
community.

Consider the fact that since the mid-20th century over
90% of the excess heat in the atmosphere due to green-
house gases has been absorbed by the Oceans and during
the last century or so surface waters have warmed by
0.7° £ 0.08 °C (Jewett et al. 2017). The phenomena men-
tioned here constitute problems that neither are easily
addressed nor solved. A task further complicated by the
sheer number of stakeholders involved because we all need
to agree. The reality of rising sea level will not quietly go
away, not even when it finally stabilizes hundreds of years
from now and our sustainable targets will since long have
elapsed and many coastal settlements have been aban-
doned. Part of the surplus heat once absorbed at the ocean
surface will by default resurface and by then be someone
else’s problem to handle.

The Oceans and the Seas are sometimes posed as a
potential redeemer of the perilous climate and environ-
mental challenges we are currently facing only if we treat it
right (Cf. OECD 2016)—a message echoed by govern-
ments and international bodies. If that truly is the case, then
we need to start addressing it with the resources and
attention it necessitates. As of now, we still behave as if
there is little urgency associated with the wicked problems
described here, but urgency can also result in ad hoc
solutions or statements with little or no positive impact.

We need serious and solid science-and-society interac-
tions to grasp, comprehend, communicate and ultimately
perhaps try to tame some of the wickedness of the
anthropogenized Ocean. A step in the right direction
would, according to Frame (2008), be to build “a con-
stituency that is willing to think beyond the next genera-
tion”. Such a view arguably permits a wider perspective on
several of the issues raised here and can perhaps replace the
sense of disbelief that haunts the ongoing debate about the
ocean and by so doing help create new pathways to action.

Acknowledgements Ideas to this text were, in part, discussed at a
meeting hosted by the Seas of Norden Research School (SEANORS)
in Copenhagen, 2017. We are grateful for constructive reviews by two
anonymous reviewers, Kjetil Vage and in particular the Editor-in-
Chief Bo Soderstrom.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http:/
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

© The Author(s) 2017. This article is an open access publication
www.kva.se/en

REFERENCES

Attard, C.R.M., L.B. Beheregaray, and L.M. Moller. 2016. Towards
population-level conservation in the critically endangered
Antarctic blue whale: the number and distribution of their
populations.  Scientific  Reports.  https://doi.org/10.1038/
srep22291.

Bowen, R.E., M.H. Depledge, C. Pinon Carlarne, and L.E. Fleming
(eds.). 2014. Oceans and Human Health—Implications for
Society and Well-Being, 304. Hoboken: Wiley Blackwell.

Churchman, C.V. 1967. Free for All. Management Science 14:
141-146.

Dangendorf, S., M. Marcos, G. Woppelmann, C.P. Conrad, T.
Frederikse, and R. Riva. 2017. Reassessment of the 20th century
global mean sea level rise. Proceedings of the National Academy
of Sciences United States of America 114: 5946-5951. https://
doi.org/10.1073/pnas.1616007114.

Daskalov, G.M., A.N. Grishin, S. Rodinov, and V. Mihneva. 2007.
Trophic cascades triggered by overfishing reveal possible
mechanisms of ecosystem regime shifts. Proceedings of the
National Academy of Sciences United States of America 104:
10518-10523.

Doroff, A.M., J.A. Estes, M.T. Tinker, D.M. Burn, and T.J. Evans.
2003. Sea Otter population declines in the aleutian archipelago.
Journal of Mammalogy 84: 55-64.

Frame, B. 2008. ‘Wicked’, ‘Messy’, and ‘clumsy’: Long-term
frameworks for sustainability. Environmental Planning C:
Government and Policy 26: 1113-1128.

Gallo, N.D., D.G. Victor, and L.A. Levin. 2017. Ocean commitments
under the Paris Agreement. Nature Climate Change 7: 833-838.
https://doi.org/10.1038/NCLIMATE3422.

Gebbie, G., and P. Huybers. 2011. How is the ocean filled?
Geophysical Research Letters 38: L06604. https://doi.org/10.
1029/2011GL046769.

Gebbie, G., and P. Huybers. 2012. The mean age of ocean waters
inferred from radiocarbon observations: Sensitivity to surface
sources and accounting for mixing histories. Journal of Physical
Oceanography 42: 291-305.

Jewett, L. & Romanou, A. Ocean acidification and other changes.
2017. In Climate Science Special Report: Fourth National
Climate Assessment, V. 1: 364-392.

Keeling, R.K., A. Kortzinger, and N. Gruber. 2010. Ocean Deoxy-
genation in a Warming World. Annual Review of Marine Science
2: 199-229. https://doi.org/10.1146/annurev.marine.010908.
163855.

Law, K.L. 2017. Plastics in the Marine Environment. Annual Review
of Marine Science 9: 205-229. https://doi.org/10.1146/annurev-
marine-010816-060409.

Levin, S.A., and J. Lubchenco. 2008. Resilience, Robustness, and
Marine Ecosystem-based Management. BioScience 58: 27-32.
https://doi.org/10.1641/B580107.

Le Quéré, C., RM. Andrew, P. Friedlingstein, S. Sitch, J. Pongratz,
A.C. Manning, J.I. Korsbakken, G.P. Peters, et al. 2017. Global
Carbon Budget 2017. Earth System Science Data. https://doi.org/
10.5194/essd-2017-123.

Neumann, B., A.T. Vafeidis, J. Zimmermann, and R.J. Nicholls.
2015. Future coastal population growth and exposure to sea-level
rise and coastal flooding—a global assessment. PLoS ONE.
https://doi.org/10.1371/journal.pone.0118571.

OECD. 2016. The Ocean Economy in 2030, 251. Paris: OECD
Publishing.

Pauly, D., V. Christiansen, J. Dalsgaard, R. Froese, and F. Torres Jr.
1998. Fishing down marine food webs. Science 279: 860-863.

Rittel, H., and M. Webber. 1973. Dilemmas in a general theory of
planning. Policy Science 4: 155-169.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/srep22291
https://doi.org/10.1038/srep22291
https://doi.org/10.1073/pnas.1616007114
https://doi.org/10.1073/pnas.1616007114
https://doi.org/10.1038/NCLIMATE3422
https://doi.org/10.1029/2011GL046769
https://doi.org/10.1029/2011GL046769
https://doi.org/10.1146/annurev.marine.010908.163855
https://doi.org/10.1146/annurev.marine.010908.163855
https://doi.org/10.1146/annurev-marine-010816-060409
https://doi.org/10.1146/annurev-marine-010816-060409
https://doi.org/10.1641/B580107
https://doi.org/10.5194/essd-2017-123
https://doi.org/10.5194/essd-2017-123
https://doi.org/10.1371/journal.pone.0118571

268

Ambio 2018, 47:265-268

Sabine, C.L., R.A. Feely, N. Gruber, R.M. Key, K. Lee, J.L. Bullister,
R. Wanninkhof, C.S. Wong, et al. 2004. The oceanic sink for
anthropogenic CO,. Science 305: 367-371. https://doi.org/10.
1126/science.1097403.

Small, C., and R.J. Nichollis. 2003. A global analysis of human
settlement in coastal zones. Journal of Coastal Research 19:
584-599.

Valentine, V.F., H. Benamara, and J. Hoffmann. 2013. Maritime
transport and international seaborne trade. Maritime Policy &
Management 40: 226-242.

Vallis, G.K. 2011. Climate and the Oceans, 248. Princeton: Princeton
University Press.

Van Denderen, P.D., M. Lindegren, B.R. MacKenzie, R.A. Watson,
and K.H. Andersen. 2017. Global patterns in marine predatory
fish. Nature Ecology and Evolution. https://doi.org/10.1038/
$41559-017-0388-z.

Wunsch, C., and P. Heimbach. 2008. How long to oceanic tracer and
proxy equilibrium? Quaternary Science Reviews 27: 637-651.

Further reading

Blenckner, T., M. Llope, C. Mollmann, R. Voss, M.F. Quaas, M.
Casini, M. Lindegren, C. Folke, et al. 2015. Climate and fishing
steer ecosystem regeneration to uncertain economic futures.
Proceedings of the Royal Society B Biological Sciences 282:
20142809. https://doi.org/10.1098/rspb.2014.2809.

Depledge, M.H., F. Galgani, C. Panti, I. Caliani, S. Casini, and M.C.
Fossi. 2013. Plastic litter in the sea. Marine Environmental
Research 92: 279-281.

Dupont, S., and H. Portner. 2013. Marine science: Get ready for ocean
acidification. Nature 498: 597.

Gleckler, P.J., P.J. Durack, R.J. Stouffer, G.C. Johnson, and C.E.
Forest. 2016. Industrial-era global ocean heat uptake doubles in
recent decades. Nature Climate Change 6: 394-399.

Golden, C.D., E.H. Allison, W.W.L. Cheung, M.M. Dey, B.S.
Halpern, D.J. McCauley, M. Smith, B. Vaitla, et al. 2016.
Nutrition: Fall in fish catch threatens human health. Nature 534:
317-320.

Halpern, B.S., S. Walbridge, K.A. Selkoe, C.V. Kappel, F. Micheli,
C. D’Argosa, J.F. Bruno, K.S. Casey, et al. 2008. A global map
of human impact on marine ecosystems. Science 469: 948-952.

Halpern, B.S., M. Frazier, J. Potapenko, K.S. Casey, K. Koenig, C.
Longo, J.S. Lowndes, R.C. Rockwood, et al. 2015. Spatial and

temporal changes in cumulative human impacts on the world’s
ocean. Nature Communications 6: 7615.

Hutchings, J.A., and N.C. Stenseth. 2016. Communication of Science
Advice to Government. Trends in Ecology & Evolution 31: 7-11.

Kabel, K., M. Moros, C. Porsche, T. Neumann, F. Adolphi, T.J.
Andersen, H. Siegel, M. Gert, et al. 2012. Impact of climate
change on the Baltic Sea ecosystem over the past 1,000 years.
Nature Climate Change 2: 871-874.

Osterblom, H., B.I. Crona, C. Folke, M. Nystrom, and M. Troell.
2016. Marine Ecosystem Science on an Intertwined Planet.
Ecosystems 20: 54-61.

Paasche, @., H. Osterblom, S. Neuenfeldt, E. Bonsdorff, K. Brander,
D.J. Conley, J.M. Durant, A.M. Eikeset, et al. 2015. Connecting
the Seas of Norden. Nature Climate Change 5: 89-92.

Wang, M., and J.E. Overland. 2012. A sea ice free summer Arctic
within 30 years: An update from CMIPS models. Geophysical
Research  Letters  39: L052868. https://doi.org/10.1029/
2012GL052868.

Yool, A., E.E. Popova, and A.C. Coward. 2015. Future change in
ocean productivity: Is the Arctic the new Atlantic? Journal of
Geophysical Research: Oceans 120: 7771-7790.

AUTHOR BIOGRAPHIES

Oyvind Paasche is a Project Leader with the Bjerknes Centre for
Climate Research and Senior Researcher with Uni Research Climate
in Bergen, Norway. His interests include climate hazards, glaciers,
past climates and sustainability as well as the interface between sci-
ence and society.

Address: Bjerknes Centre for Climate Research, Allégaten 70, 5020
Bergen, Norway.

e-mail: oyvind.paasche@uib.no

Erik Bonsdorff (D<) is Professor of Marine Biology at Abo Akademi
University and Academic Coordinator of the university’s Profiling
Area “The Sea” (a multidisciplinary strategic initiative). His research
interests are related to long-term changes in the marine ecosystem
(primarily the Baltic Sea) and the relationships between ecosystem
structure and functioning. He is also active in promoting the com-
munication between science and society.

Address: Environmental and Marine Biology, Faculty of Science and
Engineering, Abo Akademi University, Artillerigatan 6, 20520 Abo,
Finland.

e-mail: erik.bonsdorff @abo.fi

© The Author(s) 2017. This article is an open access publication

@ Springer

www.kva.se/en


https://doi.org/10.1126/science.1097403
https://doi.org/10.1126/science.1097403
https://doi.org/10.1038/s41559-017-0388-z
https://doi.org/10.1038/s41559-017-0388-z
https://doi.org/10.1098/rspb.2014.2809
https://doi.org/10.1029/2012GL052868
https://doi.org/10.1029/2012GL052868

	The wicked ocean
	Acknowledgements
	References


