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Pressures on the Ocean: Scientific
Perspective

Douglas Wallace®

Introduction

A key aspect of the ocean is its fluid motion and connectivity, which means
that cause and effect (e.g. sources/causes and damages/impacts) are usually
separated geographically. The legal and courtroom implications and conse-
quences of this connectivity have commonalities, conceptually, with those
encountered in areas such as long-range air pollution, water resources, and
groundwater use/contamination. Dealing with such issues can be complex
and often slow, in part because of jurisdictional issues but also because of the
scientific difficulty of attribution (i.e. linking cause with effect). Given that
legal remedies to conflicts and damages associated with the marine environ-
ment are complex and slow to establish, it is worth peering into the future and
looking back on the recent past to identify trends in order to anticipate issues
that could impact future development, application, or interpretation of legis-
lation. This type of trend analysis or projection is generally undertaken by the
scientific community in isolation, sometimes with the subsequent production
of “Summaries for Policymakers” or other guidance for non-scientists. In this
paper, I follow this approach and present an overview of ongoing and future
changes of the marine environment at large scales, which I believe are in-
creasingly the causes or drivers (“forcings”) for damage and conflicts at local
and regional scales that end up being litigated in the courtroom.

Despite having taken the conventional, “isolated” approach for this
paper, I believe it is becoming necessary to connect legal, enforcement, and
scientific communities more effectively and regularly in a joint process of
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envisioning the ocean’s future. Ideally, this would lead to policies and legal
approaches better suited to altered situations of the future ocean. However,
such cooperative visioning would also recognize that policy and regulation
of human activities play an increasingly important role in determining the
future state of the marine environment.

The Nature of Ocean Change

Pressures on the ocean environment are strongly mediated by two main class-
es of forcing: 1) “direct” human forcing linked to societal change and specific
human actions, including technology development, population growth, and
growing demands for living and non-living resources; and 2) “indirect” for-
cing associated with human activity, especially energy-use and agriculture,
which with present technologies, impact climate and ecosystems on a global
scale.

Direct Human Forcing: Human population is projected to rise to be-
tween 9.6 and 12.3 billion by the end of this century, with the bulk of the
growth occurring in Africa.> The low elevation coastal zone (LECZ; elevation
<1om) was home to 625 million people (c. 10 percent of the global population)
in 2000 despite representing only 2.3 percent of global land area? Projections
under various scenarios suggest that the population of the LECZ will increase
to between 1 and 1.4 billion by 2060, representing c. 12 percent of the global
population. Whereas the bulk of the coastal population is located in Asia, the
most dramatic growth will be in Africa, especially West Africa. In contrast,
Canada’s coastal population is projected to rise moderately from its 2000
value of 1.2 million to about 1.6 million in 2060.

A recent landmark review on “marine defaunation” noted the widening
range of direct human pressures on the marine environment. The authors
suggested that the ocean is starting to experience human alteration of habitat
analogous to the habitat degradation on land that was set in motion by the in-
dustrial revolution. Their list of recent developments includes the growth and
expansion of coastal cities, land reclamation, advancements in seafloor min-
ing, dredging, oil and gas extraction, tidal/wave energy generation, growth of
marine transport, and the development of ocean farming, in addition to the
growth of industrial fishing and bottom trawling that has been underway for
some time.

Indirect Forcing: Energy use and resulting future emissions of CO,
are the subject of representative concentration pathways (RCPs),” which are
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projections of future pathways of greenhouse gas concentrations and radia-
tive forcing up to 2100 based on scenarios of socio-economic and techno-
logical change. The four RCPs (2.6, 4.5, 6, and 8.5) project atmospheric CO,
levels of c. 400, 500, 600, and 950 ppm respectively by the end of this century.
These are, in turn, associated with projected warming, sea-level rise, changes
to ice-cover, and other phenomena (see below for more detail) that are pro-
jected using climate models.®

This indirect forcing is global in scope, so that regional and local changes,
pressures and impacts on the marine environment and individual commun-
ities are, increasingly, the result of activities that are initiated and ongoing
far away in both space and time. An obvious example of this is the rapidly
changing transportation and hunting environment of Canada’s northern
peoples, which results from climate change and the reduction of Arctic sea
ice extent. Similarly, property damage due to rising sea-levels cannot be at-
tributed to specific individuals, organizations, or even countries: the cause is
of global extent and involves the actions of most humankind.

Such climate-related changes to the ocean include physical changes such
as ocean warming, sea-level rise, changes in sea-ice extent and iceberg distri-
butions and, potentially, changes in the frequency and intensity of storms and
their large-scale ocean circulation. These physical changes impact, in turn,
the chemical and biological processes that alter marine ecosystems. However,
in addition to such changes resulting ultimately from changes in radiative
forcing, there is additional global-scale forcing associated with the changing
chemical composition of the atmosphere. In particular, there is considerable
concern that the ocean’s uptake of anthropogenic CO,, and the associated
decrease in seawater pH, is adversely affecting certain marine species and/or
life-stages of aquatic organisms. This process of “ocean acidification”” has po-
tential implications for corals and other carbonate-shell forming organisms,
including commercially valuable species such as oysters and related marine
food chains. Global changes to the nitrogen cycle, especially the long-range
transport of fixed, bio-available nitrogen from land to remote, nutrient-de-
ficient ocean “deserts” via atmospheric transport, is now also recognized to
have the potential to impact marine ecosystems on large scales® in addition to
the more acute, local impacts of coastal eutrophication.
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The Confluence of Simultaneous Change and Marine
Risk

Both classes of forcing (direct and indirect) are operating simultaneously and
globally so that the overall human relationship with the ocean and human
exposure to marine-related risk, is impacted by both and their confluence.

On the one hand, technological developments and rapid population and
economic growth in the coastal zone are altering the ways in which humans
make use of and interact with the marine environment. These changing uses
can be causes of conflict, especially where new uses are introduced in the
vicinity of traditional or historical uses. Examples are numerous and var-
ied and include the development of aquaculture, growth in the use of ocean
spaces for tourism or renewable energy generation, the ever-deeper global de-
velopment of offshore oil and gas resources, growth of coastal megacities, the
development of larger ships and associated ports, etc. In addition to these new
uses and developments, existing and longer established use patterns are also
changing. For example, the over-exploitation of capture fisheries in waters
adjacent to developed countries, together with technology development, has
led to a massive global shift of fishing pressure towards waters surrounding
less-developed nations, for example in Africa.® Whereas impacts and conflicts
resulting from these changing human uses of the ocean are usually national,
regional, or local, the trends and patterns of change have globalized. This
implies a need for exchanging views on how to minimize conflicts or damage
and manage the response to change on a global scale.

On the other hand, primarily as a consequence of fossil-energy use but
also as a result of other global-scale industries such as agriculture, the plan-
etary environment itself is changing, including increasingly rapid changes
within and around the ocean. Here, the issue is frequently related to climate
change and its knock-on consequences such as sea-level rise or the dramat-
ic reductions of sea-ice cover in the Arctic. The changing human use of the
ocean is taking place in the context of these rapid and large-scale environ-
mental changes. Examples of these ongoing and projected changes are listed
below, with most information referenced to the Intergovernmental Panel on
Climate Change (IPCC).*

Warming: The globally averaged surface temperature has warmed by
0.85°C since 1850. This has not been spatially uniform, and a few oceanic re-
gions (including the northwest Atlantic) experienced no significant long-term
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warming. The warming extends into the deep ocean (<2ooom). By the end of
this century, models project global surface temperatures to be at least 1.5°C
higher relative to 1850 for all RCPs except RCP2.6, and >2°C for RCP6.0 and
RCPS.

Sea-level rise: Over the past century, global sea level rose by 0.19 m, a
faster rate than the previous 2000 years. Thermal expansion, melting of gla-
cial ice, and large ice sheets have contributed roughly equally to this increase.
Projections of future rise are dependent on the RCP and remain controver-
sial. The rate and even sign of sea-level rise is non-uniform and is particularly
variable around Canada due to differences in response to loss of land-ice since
the last ice age. Global estimates of relative sea-level rise are 0.42 m and 0.85
m for RCP4.5 and RCP8.5 respectively,” with projections for the Canadian
coastline ranging from <o to 0.7 m (RCP4.5) depending on location.

Ice-cover changes: The annual mean Arctic sea ice extent decreased
dramatically between 1979 and 2012 at a rate of 3.5 to 4.1 percent per dec-
ade. Summer extent decreased from 9.4 to 13.6 percent per decade. Projected
summertime reductions by the end of this century range from 43 percent
(RCP2.6) to 94 percent (RCP8.5) and from 8 percent to 34 percent for RCP8.5
in the winter season. Hence, an ice-free summertime Arctic Ocean is pro-
jected for only the most extreme climate-change scenario.

Ocean acidification: Projected changes in surface ocean pH by the end
of this century depend strongly on the amount of CO, emitted and range
from 0.06 (RCP2.6) to c. 0.31 for RCP8.s.

Ocean Value and Changing Marine Risk

The intersection or confluence of these two classes of forcing means that the
nature and amplitude of marine-related risks are changing. These risks are to
human life (including quality of life), marine ecosystems, and property and
economic activity in and around the oceans.

Ocean-related activities, industries, and ecosystem services have con-
siderable economic value. The global GDP of the “ocean economy” has been
estimated at USs2.5 trillion per year, equivalent to that of the seventh largest
national economy.” This figure does not include the GDP associated with off-
shore fossil-energy and other uses of the sub-seafloor.

In some cases, marine risk is altered by fundamentally new hazards that
did not exist previously. The Fukushima radiological disaster was the conse-
quence of a hazard that did not exist several decades earlier. The Deepwater
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Horizon disaster'* is another such example. More commonly, it is the fre-
quency or amplitude of long-existing hazards that is altered, such as sea-level
rise or coastal flooding. Changing vulnerability to hazards, for example, due
to changing use of the coastal zone, contributes significantly to altered risk.

This global phenomenon of ongoing major change is the context for legal
disputes that arise in connection with ocean activities and associated risks
and damages.

Emerging Issues Facing the Ocean

A number of fundamentally new emerging issues are worth mentioning spe-
cifically. Each issue has the potential to radically change the way in which we
use the ocean.

Geoengineering: Intentional large-scale manipulation of planetary pro-
cesses is discussed increasingly as a possible approach for mitigation of dan-
gerous climate change. Two main approaches are considered: (1) reducing
levels of greenhouse gases in the atmosphere; and (2) altering radiative for-
cing. Schemes have been proposed for use on land, the atmosphere, space,
and the ocean. The ocean-based schemes™ are focused on CO, removal and
include ocean fertilization: ocean alkalinity modification and deliberate ma-
nipulation of upwelling and downwelling circulation. Their effectiveness has
been questioned” and even with optimistic estimates of carbon sequestra-
tion efficiency, the potential for CO, uptake via ocean fertilization is small
relative to future emissions. Nevertheless, interest continues in the idea of
adding small amounts of “limiting” nutrients (e.g. iron) in areas where other
essential nutrients are in excess in order to initiate phytoplankton uptake
of CO,. Some of the interest likely lies with the closely associated potential
for manipulating plankton blooms in order to increase fish stocks. For ex-
ample, a controversial iron fertilization effort was conducted by the Haida
Salmon Restoration Corporation 200 nautical miles west of Haida Gwaii
in 2012, partly for CO, sequestration but mainly to investigate a hypothesis
that linked “natural” iron deposition from volcanic ash and recruitment of
Pacific salmon. The fertilization, with over 100 tonnes of iron sulphate and
iron oxide, was conducted (without prior approval) and has been investigated
by Environment Canada.

In addition to issues of legality and effectiveness, fertilization approaches
have the potential for unintended consequences: for example, they can trig-
ger the risk of toxic algae growth. The addition of a limiting nutrient in one
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location may prevent subsequent utilization of other, excess nutrients “down-
stream,” thereby “robbing” downstream ecosystems.

Deep-sea mining: There has been a recent upsurge of interest in deep
ocean mining, as indicated by the granting of twenty-seven contracts for deep
ocean mineral exploration of ferromanganese nodules, crusts, and massive
sulphide deposits by the International Seabed Authority.”* Two national gov-
ernments have granted mining licences for massive sulphides within their
economic zones. On the other hand, shallow-water mining has been restrict-
ed as a result of environmental concerns. Nevertheless, the increased interest
suggests that as technological barriers to deep ocean mining are overcome
and if commodity prices become attractive, the potential exists for rapid
growth of marine mining in the deep ocean.

Offshore Aquaculture: Aquatic systems (ocean and freshwater) present-
ly supply c. 2 percent of the global food supply, despite biological productivity
of the oceans and land being roughly equivalent.” On the other hand, aquatic
systems already supply almost one-third of the animal meat consumed by
humans and c. 12 percent of total animal protein. Aquaculture is already sim-
ilar in magnitude to production from capture fisheries and there is a wide-
spread view that feeding the Earth’s future population will require massive
expansion of ocean aquaculture.” This is likely to exacerbate conflicts with
other ocean uses through competition for space and due to environmental
impacts. The potential of moving aquaculture of plants, molluscs, and fish
further offshore is viewed as a likely development due to space availability
and the increased potential for diffusion of wastes.” Both technological and
regulatory factors are limiting this expansion presently, and the potential of
offshore aquaculture to contribute significantly to global food production is
questioned. However, as technology improves, growth can be expected to de-
velop rapidly.

Summary and Some Implications for the Future

At the turn of the century, the renowned marine ecologist Jeremy Jackson
published a seminal article* that chronicled the history of human disturbance
(i.e. pressures) on marine ecosystems. It is instructive to revisit this article c.
fifteen years later. At that time, the history of disturbances was dominated by
fishing, which was also the first major human pressure on the ocean dating
back to the beginning of the Holocene. This has been followed, more or less
sequentially, by pressures arising from coastal pollution, mechanical habitat
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destruction associated with coastal structures, invasive species introductions
associated with marine transportation and, most recently, climate change.
Based on the situation today, a number of emerging and potential threats can
be added to Jackson’s list including coastal aquaculture, deep-water resource
extraction, faster and larger ships, ocean acidification, global changes in
nutrient supply, the potential for offshore aquaculture, and even direct inter-
ventions into the planetary-scale processes in the form of geoengineering.

As discussed above, a key characteristic of our times is that these pres-
sures on our oceans are multi-faceted (involving simultaneous societal and
environmental change), changing rapidly (and accelerating), and global in
scale. The nature of the change presents enormous challenges to scientists,
policymakers, and those responsible for regulating use of the marine en-
vironment. Due to the rapidity and potential magnitude of the consequences
of change, policy must increasingly be based on projections of how the oceans
are likely to look and behave in the future.

These projections represent a major scientific challenge that must, ultim-
ately, rely on models that take into account the complex and non-linear inter-
actions, thresholds, and even tipping points that exist in the Earth System and
the oceans. These interactions include those of humans and their technologies
and policies. Hence, the models must represent changing processes and the
behaviour of an entire planet and its human population (which, obviously, is
not replicated), and include representations of processes that are operating on
global scales and forces, often with no historical counterparts for compari-
son. Hence, the development of science-based projections of the future state
of the ocean is a “grand challenge” to the scientific method. Duarte has ana-
lyzed this grand challenge and discussed possible approaches to addressing
it and, especially, “validating” or testing projections of the future ocean state.
However, he also noted the importance of scientists, policymakers, and man-
agers working closely together to develop the capacity to manage ocean prob-
lems adaptively “where uncertainties and unknowns are addressed through a
learning-by-doing approach.”>
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