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fthe power of a book resides in the ideas and emotions that it produces in the reader, then this book is powerful indeed. Its success lies in the

mix of ingredients: a setting, the Arctic, that is of crucial importance for the future of our planet; a plot that hints at a dramatic outcome but
which nonetheless leaves room for hope; and a cast of characters that runs from humble microorganisms to polar bears and marine mammals;
from communities with ancestral cultures to researchers equipped with the latest technology. Each has its place in a story told in sad or beautiful
but always expressive images, and in words both direct and heartfelt.
Arctic Tipping Points has something for every reader. It contains rigorous scientific information selected and explained by some of the world's foremost
polar researchers, but also explorations, adventure, poems, anecdotes and reflections. Because scientists experiencing the Arctic shift constantly between
the objectivity needed in their work and the emotion of knowing themselves in a unigue and unquestionably fragile environment. They are looking for hard
facts but it is passion that drives them. Arctic science is anything but cold. “We cry seawater”, one author writes, “twenty teardrops as loaded with feeling
and emotions as the information held by 20 drops of water about the ocean.”
A hundred million viruses; a million bacteria; a thousand protists; 200 diatom algae are concealed within these twenty drops. And scientists know that
what happens in this micro world will end up altering the quantity of light reflected off the ice, the size of the polar bear population, the customs of the Inuit
people and much, much more. In the Arctic, the connections between ecosystems and between them and the geochemical processes unfolding in the
atmosphere and oceans—the connections between organic and inorganic—are revealed with extraordinary clarity.
There are other reasons why the frozen north has become such a focus of interest for the human species. In the Arctic, the film of the changes sweeping
planet Earth is the speeded-up version. The region is warming between two and three times faster than the world average, and the effects of this ongoing
climate change are being felt much sooner. All the more reason to remember that the network of connections in the Arctic biosphere stretches far beyond
the ice to encompass some of the world's most populated areas... and our own day-to-day activity. The greater the thirst for fossil fuels, the faster the
spread of ice sheet thinning.
As if this weren't enough, researchers have recently discovered that not all natural processes advance at a uniform rate. Changes in nature also happen
“in starts”, like a gentle slope that without warning turns into a precipice. The disappearance of the winter ice cover in the Arctic Ocean, the release of
methane—an extraordinarily powerful greenhouse gas—due to the melting of the permafrost, or the shutdown of the thermohaline circulation—the
planet’'s “conveyor belt”"—are processes that could suddenly accelerate. And the bad news is that when we arrive at one of these precipices, turning back
is difficult if not impossible. So one of the aims of this book is to explain how vital it is to stop before such tipping points are reached.
What we seeinthe Arcticis the dark side of industrial progress, but of course the deal cuts both ways and the developed world too will feel the consequences
of what is happening on the ice. The Greenland thaw—another of the tipping points identified—would cause sea level to rise between six and seven meters,
with the resulting erosion of our coastlines and flooding in far-off territories. And that is just one example. As the authors of this book put it, “the Arctic is
not at the periphery but at the core of the Earth System. Tipping points in the Arctic are of major consequence for the future of humankind”

So the pages that follow show the beauty of the Arctic and its astonishing biological and cultural richness, but also the many threats it now faces; they



describe the Inuits’ curious concept of time as a circle but also the forced transformation of their way of life;
they explore ecosystems in fascinating detail, but without losing sight of the global ecological, social and
economic picture. What will be the consequences for the world economy of the five Arctic nations opening
up new oil and gas field developments which would make the Arctic Ocean navigable all year round?

A total of 25 people—scientists, photographers, journalists and poets—have exchanged cameras and pens
to capture and describe the images making up Arctic Tipping Points. Their photographs and words convey a
balanced and insightful message, which the BBVA Foundation wishes to second with its publication.

The BBVA Foundation numbers among its objectives the promotion of world-class research and the
transmission of its results to society. This book not only fits with this objective, it also takes its place among

a series of projects and award schemes devoted to climate change studies and biodiversity conservation,

among them the BBVA Foundation Frontiers of Knowledge Award in Climate Change, one of the world’'s most
prestigious scientific prizes.
We can only hope that Arctic Tipping Points does its bit so the global drama unfolding in the Arctic has a
happy ending for the planet.

BBVA Foundation

Negribreen x 4

Photos by Arvid Sveen
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t the dawn of the 20th century, scientists had rejected ancient tales of world catastrophe, and were convinced that our planet’s climate could

change only gradually, over many tens of thousands of years. But in the 1950's, a few scientists found evidence that some changes in the past
had taken place over a few thousand years. During the 1960's and 1970's, other data, supported by new theories and new attitudes about human influ-
ences, reduced the time frame of these climatic events to just a few hundred years. Many doubted that such a rapid shift could have befallen the planet
as awhole. The 1980's and 1990's brought proof that the global climate could indeed shift, radically and catastrophically, within a century—perhaps even
within a decade.

Persistent global warming beyond that which can be attributed to natural forcing, is today an indisputable fact. This is especially pronounced in the
Arctic, with records indicating a heating rate of 0.4 °C per decade— far more than for the rest of the planet. These increasing temperatures change the
function of the Arctic system. Despite this, humanity is now bearing witness to a fierce debate about the various possible causes of this warming. Is it all
natural variation? When did the warming start? Who or what turned up the heat? How fast will these natural or human-induced changes happen? When
the Intergovernmental Panel on Climate Change issued its report in 2007, environmental tipping points were a footnote. However, in the future they will
have extraordinary implications for humanity. Our customary linear or curvilinear predictions of the future are easily managed mathematically, but are
they credible? Natura non saltat (nature does not jump) is a classic saying, but since the early days of modern physics it has become evident that nature,
indeed, jumps.

Governance, economy, the depiction and interpretation of bellwethers, and the understanding of the non-linearity of the nature of the climate
system are the dominant challenges of our times. This intricate combination of factors has grave consequences for humanity. A good example of the
effects of nonlinearity and lacking ability to detect and react on bellwethers of abrupt change is the latest bank crisis. Many of the Earth System’s tip-
ping elements are found in the Arctic: the icecap, permafrost, methane hydrates, invading species, sudden changes in economic activities, governance

and politics, to mention some. To make these tipping points accessible to all of us is the ultimate goal of this book.

n early historical times ancient people such as the Greeks already had clear views about the Arctic. When the god Apollo, the god of light, music and
truth, left his shrine at Delphi in autumn, he travelled north to the ice-covered “Ultima Thule"” to settle for the winter. Apollo hibernated with the Hy-
perboreans, a legendary people believed to live “beyond the north wind” (hyper, boreas) in a land of unbroken sunshine and continuous happiness. The
Hyperboreans may be the people who have inhabited the Arctic since time immemorial. Apollo was wise to go there for winter. Contrary to popular belief,
the dark season in the High Northis not at all depressing, but extremely pleasant and enjoyable. The good company of friends, colleagues, fellow northern-

ers and extensive festivities are the rule, resulting in a Mediterranean-type atmosphere—indoors.



Inthe early Middle Ages, the High North was already well known. The Vikings settled in Iceland and Green-
land and knew about a barren land in the very north—Svalbard—the name that was later given to the ar-
chipelago dominated by the island of Spitsbergen. Towards the late Middle Ages, the High North became a
place full of perils and mystery. Sea monsters inhabited the ocean, the skies were lit up by terrifying Northern
Lights, and strange and dangerous tribes populated the land. The High North became a more popular region
among the wealthy European nations from the late 1500’'s onwards. Not so its people. The entrance to hell
was assumed to be in either Hekla Volcano in Iceland, or close to the North Cape in Norway. Thus Northern-
ers were met with suspicion, as they could have been possessed by evil dissipating from hell. When countries
such as The Netherlands, England or France made unsuccessful efforts to find new routes to the riches of
the Far East through the Northeast or Northwest Passage the wealth of natural resources of marine mam-
mals attracted their attention.

In those days, lamps were lit by burning whale oil and a major industry was established from the rich
stocks of whales, seals and walruses. Following this overexploitation, successive waves of international
wealth seekers entered the Arctic territories in the Barents Sea region as well as Arctic North America. While
Denmark—after unsuccessfully looking for surviving Norse settlers on Greenland—directed its attention to
the islands Inuit population. In northern Europe there was close, continuous contact with the various Sami
groups. The shamanism and paganism of these indigenous people made them appear mystical and unde-
veloped, presenting a challenged. The Enlightenment periode converted them to Christianity and engaged
them more fully with the ruling societies. The Sami, better known as Laps, but in particular the Inuit, better
known as Eskimos, were colonized and culturally suppressed. They achieved iconographic status, as re-

flected in adventure books the widespread use of Inuit terms (such as kayak, anorak, parka, igloo etc.), the

use of Inuitimagery in commercial logos brands (clothing, ice cream etc.), in the names of movies and navy

vessels (HMS Eskimo, British destroyer of WWII). From the series “Frozen horizon”.
There were continuous attempts to exploit the riches of the High North through fishing, sealing, whaling 157 (above) and 154 (below)
and mining. And there were the epic attempts to explore the Arctic regions and the North Pole. The Arctic is Photos by Arvid Sveen

frequently described as the last frontier, clearly indicating the invasive, northbound offensive by the resource
demanding South. Yet paradoxically, this terminology reflects a lack of respect for the people of the North
who have their homeland in what the south calls “the frontier”. There were innumerable expeditions to lay

claim to the last remaining white areas on the map of the North braving unbelievable hardships which often
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ended in death. Side by side and yet accompanied by conflicts of interests, adventurers, wreathed in an aura of glory, adventure and heroism, and North-
erners tried to eke out a living from the scarce Arctic resources.

Surprisingly, the tourism of the rich and wealthy, which continues with increasing intensity into contemporary times, already existed in the late 1800's.
The physical forcing in the Arctic is extreme, and the seasons vary wildly: freezing/thawing, perpetual light/perennial darkness, abundant food starvation.
This extensive climate variability exposes the Arctic people to considerable strain, sometimes bringing them to the brink of extinction. The Arctic is also
periodically capable of supporting human populations and has done so since the end of the last glacial period, as can be seen with the Neolithic civiliza-
tions that thrived in the very north of Norway and Russia, long before people in southern Scandinavia even existed. However, this is life at the edge and
the transition between comfortable survival and sudden demise is often both rapid and abrupt. One or another crucial element of the Earth System tips
perpetually throughout the year in the High North. A flourishing civilization can quickly reach a tipping point, such as the extinction of various Inuit Dorset
cultures or the Norse population on Greenland. Northerners experience a continuous sequence of tipping points (the most prominent being light), how-
ever most of them reverse with time.

Modern oceanography in the Arctic Ocean began in 1893 with the epic Fram Expedition, commanded by Fridjof Nansen. This was followed by subse-
qguent investigations, including fishery enquiries, but in the 1930 s much of this interest diminished. The Cold War was also detrimental to exploration of
the Arctic Ocean. Until the early 1990 s, oceanographers believed that the Arctic Ocean was the least varied region of the planet, based upon rudimentary
comprehension. Later expeditions into the central Polar Ocean led to an understanding of the considerable changes that, to begin with, were attributed
to climate change, but later on were interpreted as significant natural variability. In a relatively short time span our view of the Arctic Ocean changed from
believing it to be the least to being, in fact, the most variable ocean. Our point of view tipped rapidly and permanently. In the foreseeable future, global
warming will transform the region in an unprecedented manner. A multitude of tipping points await us in the Arctic Ocean. The Arctic Ocean has oscillated
from frozen horizons to open water since time immemorial. Global warming will make frozen horizons with crystal clears skies less common, giving way to
more open water with foggy and humid skies. These transformations are illustrated in the photographs that accompany the introduction. For organisms

and humans adapted to these frozen horizons, such tipping points will change living conditions forever.

— Vvidence is growing that many ecosystems ranging from coral reefs, coastal ecosystems, semi-arid vegetation, and even ponds can have more than

— ONe stable state. This occurrence of multiple stable states implies that the system has tipping points and can undergo sudden jumps in response to
changes in external factors. Four decades of experience in ecosystem management have provided ample evidence that the general approach, embedded
in both environmental legislation and managerial practices, of considering the behavior of ecosystems under pressure to be simple, linear and reversible is
fundamentally flawed. Support for this bold statement derives from a critical assessment of the limited success of widely diverse efforts to “fix” environ-
mental issues stemmming from human pressures, including, among others, fisheries management, eutrophication management, and the management of the
Stratospheric ozone layer. Failure to revert ecosystems to their baseline status by interventions aimed at reversing the pressures acting upon them has lead
to the realization that ecosystems under pressure display complex trajectories that derive from a combination of complex phenomena including non-linear

responses, hysteresis when pressures are relaxed and shifting baselines due to global environmental changes. Such phenomena render the widespread ex-



pectation that ecosystem status will reverse when pressures are relaxed an unrealistic and naive one. The exis-
tence of ecological discontinuities and threshold effects driven by human perturbations of ecological systems
has been recognized in the context of ecology as a key feature of ecosystem dynamics with significant con-
sequences. Tipping points are thresholds of environmental forcing beyond which ecosystems exhibit abrupt
changes and critical transitions. Tipping elements refer to the components of the ecosystem that cause critical
transitions when subject to forcing, such as macrophytes in shallow ecosystems, whose loss triggers a shift to
turbid phases in these ecosystems. Thresholds of environmental sustainability refer to the pressures that can
be imposed on a given resource while maintaining acceptable levels of environmental quality. Whenever these
thresholds are exceeded, the resources, services or functions affected may suddenly shift status, adopting
stages that cannot be easily reverted to levels below the thresholds. More recently, ecosystem thresholds have
beenreferred to as Tipping Points, and Tipping Elements are defined as the components of the system directly
responsible for triggering abrupt changes once the tipping point is trespassed. A Point of No-return is defined
as a critical value of a driver beyond which the shifts to a different regime of a state indicator shows resistance

to return to the original state as the driver is reduced below the threshold.

Arctic Tipping Elements

he Arctic ecosystem is characterized by the presence of multiple tipping elements that may lead
to abrupt, catastrophic changes. The characteristic element of the Arctic ecosystem is ice, and the
presence and importance of ice, at sea and on land, already determines the existence of a critical Tipping
Point in the Arctic Region. This dominant tipping point is given by the temperature at which water changes
from solid to liquid phase, which is O © C for freshwater and —1.8 °C for seawater, where the salt content low-
ers the freezing point. A transition across this tipping point leads to a phase shift from solid to liquid water.
Accordingly, ice is a tipping element that responds abruptly to changes across this tipping point.
Trespassing the tipping point for phase transition from ice to liquid water sets all the other tipping ele-
ments contained in the Arctic region in motion. Melting of the permafrost on land, leads to the process of
thermokarst formation by which solid soils become fluids and eventually ponds and aquatic ecosystems.
Thermokarst lakes and ponds are formed in a depression by melt water from thawing permafrost. Depres-
sions are often produced by the collapse of ground levels associated with permafrost thaw. Continued thaw-
ing of the permafrost substrate can lead to the drainage and eventual disappearance of thermokarst lakes,
making them, in such cases, a geomorphologically temporary phenomenon. Thermokarst lakes and ponds
have become increasingly common in the Arctic, including Siberia and the Canadian Arctic. Frozen soils also

occur in sediments in the shallow coastal waters, overlaid by seawater.

Introduction

From the series “Frozen horizon”.
162 (above) and 153 (below)
Photos by Arvid Sveen
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Permafrost melting increases freshwater discharge to the Arctic ecosystem, which has increased greatly in recent years, and leads to a greater input
of organic materials and sediments hitherto trapped in the frozen soils. Moreover, frozen soils and sediments contain large amounts of methane hydrates.
Methane hydrates are clathrate compounds. A clathrate is a structure in which water molecules freeze to form an ice-like cage that encapsulates a gas
molecule, known as a guest molecule. When that guest is a methane molecule, the resulting structure is a methane hydrate, or methane trapped in frozen
soils and sediments. Methane hydrates are found in sea-floor sediments and in the arctic permafrost. The total pool of methane hydrates in the Arctic is
huge, estimated at about 400 GtC (one Gt C =10° tons C) in the permafrost alone and not less than 1,400 Gt of Carbon is presently locked up as methane
and methane hydrates under the Arctic submarine permafrost. This totals more than twice the entire amount of carbon in the atmosphere and about 6
times that emitted by human activity since the industrial revolution. Methane is a powerful greenhouse gas, 20 times as powerful as a similar amount of
CO,. Recent assessments have found bubbling of methane in the Siberian shelf as well as in thawing Arctic permafrost, suggesting that melting of the
methane hydrates may be starting to occur. Clathrate destabilization and subsequent methane release in the Arctic is one the most serious tipping points
for abrupt climate change, and an important focus of attention for research in the Arctic.

As seawater exceeds the tipping point for ice, the ice cover over the Arctic declines, with a steady decline in the minimum (reached in mid September) ice

cover over the Arctic ocean from a minimum extension of 8 million km?in 1979 down to a minimum of 4.2 million km?observed in September 2007 (Fig. 1).

Average Monthly Arctic Sea Ice Extent
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Fig. 1. Decline in minimum (September) ice extension over the Arctic.
Source: National Snow and Ice Data Center, USA (nsidc.org).



As ice cover declines, ocean water becomes exposed and solar radiation previously reflected back to
the atmosphere by the ice cover penetrates and is absorbed by the water. This alters the heat budget of the
Arctic Ocean, leading to warming of the waters and acceleration of the melting of ice. Moreover, as more
light reaches the seawater when ice is lost, plankton production increases, as does the release of organic
compounds in the water, which adds to the increased delivery of organic matter from rivers. Organic matter
dissolved in seawater strongly absorbs light and dissipates the energy as heat, thereby further increasing
the warming of Arctic water once the ice cover is lost.

Increased ice melting at sea and on land leads to a higher export of freshwater from the Arctic, which
adds buoyancy to the surface water mass exported south along the Greenland coast (the Greenland cur-
rent), and stabilizes the water column. This added stability reduces the likelihood that the Arctic water will
sink to depth to form “deep ocean water”, a phenomenon involving Arctic water just South of Greenland. The
sinking of cold, dense Arctic water south of Greenland is a process that was already known to the Vikings as
reflected in the Malstrom myth—a saga of a whirlpool strong enough to sink Viking ships. The sinking pro-
cess sets in motion the global system of oceanic currents know as “thermohaline circulation”! which play
a key role in regional climate regulation. An increase in freshwater output from the Arctic Ocean along the
Greenland current may reduce sinking of water masses and slow-down or stop altogether global “thermo-
haline circulation”, leading to abrupt regional climate change.

Theloss of ice is not confined to the sea and the thick ice sheet in Greenland is also being destabilized, as
evidenced by increased ice melting and iceberg release. Loss of the Greenland ice sheet will further increase
the export of freshwater from the Arctic Ocean, adding to the processes mentioned above. Moreover, the

quantity of ice contained in the Greenland ice sheet is so phenomenal that loss of the Arctic ice sheet may

lead to a 6 to 7 mrise in sea level. Although the time scales involved in such loss extend over centuries, the

melting of the ice sheet is a process of self-acceleration. Thus destabilization of the Greenland ice sheet, From the series “Frozen horizon”.
which may have already started, is another tipping point of great concern with major global consequences 150 (above). Horisont 25, Ekkeray,
as it will exacerbate problems of coastal erosion and flooding of low-laying areas, already impacted by cli- Eastern Finnmark (below)
mate change. Photos by Arvid Sveen

The Arctic region contains some of the key Tipping Elements of the Earth System, which—if set in mo-
tion—may generate profound global changes. Thus the Arctic is not at the periphery, but the core of the

Earth System. Tipping Points in the Arctic are of major consequence for the future of human kind.

1. The term thermohaline refers to the fact that the current is due to motion set by differences in density—controlled by temperature
and salinity—of water masses.
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Ice loss. The Arctic Ocean is covered by sea ice that melts during spring and summer and freezes again from autumn onwards. Like the breath of a living
being, ice acts as the ultimate pacemaker for marine life in the Arctic Ocean, regulating seasonal and interannual production and variability. The spec-
tacular, unprecedented acceleration of Arctic ice loss in the summer of 2007, and the ensuing recovery in 2008 and 2009 towards the overall negative
1979-2009 trend line, illustrates that the Arctic Ocean can experience rapid environmental change. A tipping point was not reached, but it may have been
close. At current average velocity, the ice cover is decreasing by 10% a decade. Moreover, the Arctic is warming about 2-3 times faster than the global rate
and changes are likely to be seen much earlier there compared to other regions. The Arctic ice pack has been identified as one of the key tipping elements
in the world climate system, making change in the Arctic significant on a global scale. The thickness of sea ice at the beginning of spring plays a role in how
much ice survives the summer melt. Thus attention is given to factors such as ice motion that influence ice thickness. Ice motion is determined by winds
and other factors, which in turn are influenced by weather patterns. Current ice models suggest that in two decades the Arctic Ocean may be largely ice-
free in late summer, with a cover of mostly first-year ice in winter. In addition, the average thickness of sea ice has decreased steadily, whereas increases
have been reported in the amount of ice and freshwater towards the outflow regions of the Fram Strait. Such extensive changes in sea ice dynamics and
the ongoing declines in perennial ice cover will necessarily have effects on Arctic ecosystems, both with regard to climatic feedbacks, ecosystem structure

and function.

Albedo. Sea ice and snow reflect sunlight, keeping the Polar Regions cool and moderating global climate. The albedo of an object is a measure of how
strongly it reflects light from sources such as the sun. Compared with water, land snow and ice have a quite high albedo. Along with the decline in ice
cover over the past thirty years, the albedo of the Arctic Ocean has declined too. The increasing probability of melt ponds onice floes and “black carbon”
deposition (dust from coal burning and vegetation onice) further decreases the Arctic Ocean’s albedo. As a consequence the Arctic Ocean cools less than
previously. The albedo is one of the crucial tipping elements in the Arctic Ocean Earth System, but knowledge of its role in climate feed backs in the Arctic

is limited, and records of its effects in climate models are inadequate.

Changing circulation and hydrography. The Arctic Ocean is unique. Not only is it largely ice-covered, but it is also relatively isolated from the rest of the
world's oceans (much like the Mediterranean Sea). The central Arctic Ocean is engirdled by extensive landmasses with wide-ranging and topographic
complex hinterlands drained by some of the world’s largest rivers. About 10 % of the global freshwater discharge takes place in the Arctic Ocean and with
a predicted increase in run-off caused by increased precipitation and melting permafrost, a freshening of the Arctic Ocean will take place. A complex cir-
culation system exists, with most of the water entering through the Barents Sea around Spitsbergen and leaving through the western Fram Strait, with the
Bering Strait and the Canadian archipelago playing a minor role. The generic patterns of the “plumbing” and circulation system of the Arctic Ocean have
only been known for about 15 years. The patterns appear to be variable, with periods of increased in or outflow, changes in the strength of return flows,
variable stratification and the position and strength of deepwater formation. Physical forcing impacts the entire food web. In recent years, scientists have
documented changes in the Arctic system, not only a dramatic reduction in sea ice cover, but also a weakening of the Beaufort Gyre circulation system,
deep water formation in the adjacent Greenland Sea and strength of return flows, that are all attributed to climate change. Arctic Ocean physical forcing

affects not only the way of life of its native people, but also those of us living “downstream.” in Europe and North America.



fter along period of status-quo during the Cold War, the great “thaw” initiated by Gorbachev's Mur-

mansk speech in 1987 was followed by claims of political interests and tussles over national demar-
cations concerning the extension of the boundaries of exclusive economic zones of the powerful coastal
nations of the Arctic. Today's political atmosphere in the High North, peaceful as it is, does not compellingly
enhance the incipient development of international efforts to better understand changes in the Arctic. Only
Norway has settled its Arctic boundaries while the remaining four Arctic coastal states are staking claims
over larger or smaller regions of the Arctic Ocean, based upon the Law of the Sea. Along with increasing
military interests, new border claims and easier access for Arctic operations and crossings, there are various
territorial claims connected to rapidly increasing economic interests in the form of oil and gas exploration,
fisheries, transportation and tourism. Thus the prospects for rapidly increasing our essential knowledge of
the Arctic Ocean remain unsatisfactory and will require a major impetus if we hope to prepare ourselves for

sustainable management.

he rapid change in the Arctic region brought about by climate change is starting to set tipping

elements into motion, with significant consequences for the Arctic ecosystem and society. Ice
loss leads to the loss of critical habitat for many species, such as the polar bear, walruses and seals that
dependonice as habitat, either as hunting, resting or reproductive ground. There is already evidence that
these populations are under stress, particularly polar bears and those seal species most dependent on
ice. As their populations decline with ice loss, it is expected that they will hybridize with closely related
species, leading to the loss of these species. Impacts are not restricted to mega fauna, but will also affect
microbial and plankton communities. Psychrophilic communities, microbes that are dependent on cold
water temperatures, may be lost with Arctic warming and ice loss. Experimental evidence and theoretical
expectations also predict that seawater warming will lead to increased respiration rates of plankton com-
munities relative to their photosynthetic rates, reverting the role of plankton communities from atmo-
spheric CO, sinks to sources, further aggravating climate change. Keystone species, such as the Arctic
copepod Calanus glacialis may be lost in a warmer Arctic, with consequent major changes in the food

web, including the loss of fish and birds critically dependent on this endemic crustacean species. The

Melting Sea ice in Storfjorden
(above). Horisont 73,

Vesteradlen (below)

Photos by Arvid Sveen
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loss of ice also entails the loss of the ice community, including filamentous algae that grow under the ice surface and a food web of invertebrates,
including several species of ice amphipods, which depend on these algae. Sadly, these communities have not yet been investigated in any detail, so
they may be lost before we have had an opportunity to investigate them. Changes in the Arctic are also leading to shifts in the species available to
fishermen. Changes in availability between cod and shrimp, and changes in crustacean species, puts pressure on fishermen, as they result in un-
certainties about the fishing equipment they should invest in, as costs are typically only recovered after years of use, and newly acquired equipment
may be rendered useless when target species are replaced by other species. As these may not be accessible with the fishing equipment suited for
the species they replace.

Ice loss and climate change also has an impact on Arctic communities. Melting of permafrost and thermokarstic processes are currently forcing
the displacement and relocation of Arctic communities, some of whose settlements had remained in place for over 2000 years, to stable areas often
hundreds of kilometers away. Traditional routes through the ice are becoming unreliable and generating risk to the lives of Inuit people, with a prolifera-
tion of incidents involving sinking of skidoos and their occupants through thin ice. Ice loss also renders Arctic marine resources, including fisheries,
oil and gas, mineral resources and navigation routes linking the Pacific and Atlantic Oceans accessible to exploitation by humans. The onset of the
exploitation of Arctic resources is itself, a tipping element that can shift the strategic role of the Arctic and may affect security in the region as well as

global economics.

his volume was conceived by researchers involved in, and artists connected to the European Union Framework 7 program research project

Arctic Tipping Points (ATP) which builds upon large, integrated projects such as THRESHOLDS (www.thresholds-eu.org), DAMOCLES (www.
damocles-eu.org), the ARCTOS network (www.arctosresearch.net) in Europe and the ArcticNet network in Canada. ATP attempts to identify elements
of the Arctic marine ecosystem likely to show abrupt changes in response to climate change. The ATP project is dedicated to studying the oppor-
tunities and associated risks of economic activities dependent on the marine ecosystem of the European Arctic. Greater knowledge of what levels
of warming will cause abrupt changes and when and where these may occur will enable the formulation of strategies and activities to mitigate their
impact, as well as enabling profit to be gained from the opportunities such changes may bring. More broadly, ATP aims to raise awareness among
policy makers and society of the existence of Arctic tipping points on global and regional scales. On a regional scale, ATP examines how both institu-
tions and policies for the management of living marine resources, tourism and petroleum development could be adapted to cope with situations of
rapid change in ecosystems driven by climate change. This is an entirely new situation that will severely test the ability of existing institutions to deliver
policies that are sustainable over time. ATP aims to support the efforts of people and institutions in the Arctic region. On a global scale, an understand-
ing of tipping points and potential regime shift in the Arctic ecosystem due to various levels of warming must be considered in negotiations toward a
new international agreement for climate change regulation. ATP worked in close collaboration with the journalists and artists who joined researchers
in the field during fieldwork on Spitsbergen, around Svalbard, the Barents Sea and along the coast of Greenland. This cooperation has resulted in a
wealth of short films, newspaper articles, blogs and photographic exhibitions. From this work and the desire to find alternative ways to communicate

knowledge to those traditionally used in science which are often inaccessible to the lay person, the idea arose to illustrate the concept of change and



.... . .. Introduction

tipping points in the Arctic in a form accessible to a wide spectrum of people. An approach was chosen in
which artists were invited to contribute photographs and graphics to be paired with short texts written by
ATP researchers, associated journalists and poets. Those invited to participate: artists, journalists and sci-
entists all share a common passion and involvement with Polar, and particularly, Arctic ecosystems, and
have directly experienced change in the Arctic and its consequences. They have been asked to translate
their impressions of change into text, providing in most cases, personal accounts and feelings rather than
the technical narratives that are given in the introduction to this volume. This design was developed into a
book that conveys scientific findings and ideas in a manner that addresses more than the intellect appeal-

ing instead to an awareness of tipping points in the Arctic and of the imminent need for change. This book

will have met its goal if the graphics and brief texts result in an greater understanding of Arctic tipping
points and a feeling for the need for change. The world transforms not for the better by intellect alone, but

only when human minds are reached and influenced.

CARLOS M. DUARTE AND PAuL WASSMANN

Horisont 44, Varangerfjorden,

Eastern Finnmark (above).
Kvitsjgen mater
Barentshavet (below)

Photos by Arvid Sveen
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Fiskehjell Photo by Arvid Sveen
Fish-drying rack used for the production of air-dried stockfish (dried cod),

eastern Finnmark, February 1998
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1 A Changing World

Arvid Sveen

Arvid Sveen is a visual artist, photographer
and graphic designer. He is a member

of The Association of Norwegian Visual
Artists (NBK). His previous photographic
publications include: Helleristninger

(Rock Carvings in Alta, 1996), Vakre
Varanger (Beautiful Varanger, about the
land of the Varangerfjord, 2000), Mytisk
Landskap (Mythical Landscape, about Sami
landscape and places of sacrifice, 2003),
and Tinden: Portretter (Portraits of Mount
Tinden in Tromsg) (2006).

Carlos M. Duarte
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Carlos M. Duarte is a research professor
with the Spanish Council of Scientific
Research (CSIC), whose participation in
the Arctic Tipping Points project he heads.
He led the first Spanish oceanographic
expedition to the Arctic in 2007, and has
led and participated in many scientific
expeditions to the Arctic and Antarctica.
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Tulipan (The name of the ship) Photo by Arvid Sveen

Varangerfjorden, eastern Finnmark, February 1998
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A Frozen Ship

T

Carlos M. Duarte
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Black on white Photo by Manuel Elviro Vidal

Ny Alesund is a scientific settlement on Spitsbergen island,

in the Svalbard archipelago
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The Locomotive of Progress

Manuel Elviro Vidal

Manuel Elviro Vidal is a filmmaker and
multimedia artist who collaborates with
the Arctic Tipping Points project and

was the artistic coordinator for this book.
He contributes to many projects for the
dissemination of science in which he acts
as an artistic-scientific filter.

Carlos M. Duarte
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ruPhone

Barenstburg was a busy window into
Russian Communism in the Arctic region.
Now almost abandoned, is a shadow of its
former self. The telephone was working...
Photo by Manuel Elviro Vidal
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|s There Anybody Out There?

A
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Fragile

It has been declared, that from
this moment, there will be sun-
flowers in every window

(R. Tagore)

Photo by Manuel Elviro Vidal
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Dorte Krause-Jensen

Artificial Sunflower

Dorte Krause-Jensen is a senior scientist
at the Danish National Environmental
Research Institute (NERI), Aarhus
University (Denmark). She studies the
ecology of sea flora at different
latitudes—most recently along the
Greenlandic coasts, together with
colleagues from the Arctic Tipping Point
project.

Dorte Krause-Jensen



Arctic Tipping Points

Sirmilk Park arlos M. Duarte




Thawed Landscapes

Isabelle Laurion

1 A Changing World

Isabelle Laurion

Isabelle Laurion is a professor at the
Institut National de la Recherche
Scientifique, Université du Québec
(National Institute of Scientific Research,
Quebec University, Canada) and a member
of the Centre for Northern Studies and
ArcticNet. She has been involved in
research projects on polar ecosystems
since 1992. She is particularly interested
in the lakes and ponds associated with
permafrost melting and their role in global
carbon cycling.
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Among giants Photo by Paul Wassmann
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Paul Wassmann

Sailing In

Paul Wassmann is a research professor at
Tromse University (Norway), and head of
the Arctic Tipping Point project. He is also
in charge of the ARCTOS network and has
led and participated in many scientific
expeditions to the European sector of the
Arctic Ocean.

Carlos M. Duarte
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Jaggedice Photo by Rudi Caeyers/BFE-UIT
Picture taken during the iIAOOS-cruise in 2007, Fram Strait

42



Four Minimal Poems

Ramon Dachs

(English translation by Karel Clapshaw)

2 A Sea of Ice

Rudi Caeyers

Rudi Caeyers is a Belgian photographer,
living and working in Tromsg, northern
Norway. He has worked as a photographer
and designer for the Norwegian Polar
Institute, the Arctic Council and the
Tromse University. He has participated in
several expeditions to the Arctic and has
held exhibitions in several European cities.

Ramon Dachs

Ramon Dachs is a writer and librarian at
Pompeu Fabra University in Barcelona, the
city in which he was born in 1959. Dachs
balances his profession with his passion
for poetry. Over the last thirty years,
Dachs has forged a body of work which
has been published in Spain, France and
Latin America. His latest book is a travel
journal: Album de la Antdrtida (Antarctic
Album) (2009).
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Top of the world

Anincrease in the average temperature of up to 9 °C

is expected in the Arctic during the XXI century

Photo by Manuel Elviro Vidal
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Manuel Elviro Vidal

Top of the World

Manuel Elviro Vidal is a filmmaker and
multimedia artist who collaborates with
the Arctic Tipping Points project and

was the artistic coordinator for this book.
He contributes to many projects for the
dissemination of science in which he acts
as an artistic-scientific filter.

Manuel Elviro Vidal
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Where the drift ice begins
80°N Near Svalbard, Arctic
Ocean, in June 2003

Photo by Camille Seaman
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he White Sea Broke Up

Carlos M. Duarte

2 A Sea of Ice

Camille Seaman

Camille Seaman is a Fine Arts
photographer who has been making
images in the Polar Regions for over
10 years. Her work has been widely
published and exhibited globally.

Carlos M. Duarte

Carlos M. Duarte is a research professor
with the Spanish Council of Scientific
Research (CSIC), whose participation in
the Arctic Tipping Points project he heads.
He led the first Spanish oceanographic
expedition to the Arctic in 2007, and has

led and participated in many scientific
expeditions to the Arctic and Antarctica.
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Sunset in late August near Kapp Lee

North western Greenland, in August 2009

Photo by Camille Seaman



Melting Away

Carlos M. Duarte

2 A Sea

of Ice
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Azur

Picture of newly formed sea ice, taken
from the bow hatch on board of the
icebreaker KV Svalbard, during

the IAOOS-cruise in 2008, Fram Strait
Photo by Rudi Caeyers/BFE-UIT
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David N. Thomas

The Nature of Ice

David N. Thomas is professor of Marine
Biology at Bangor University (United
Kingdom) and a research professor at the
Finnish Environment Institute, Helsinki
(Finland). Over the past 20 years he has
participated in many scientific expeditions
to the Antarctic and Arctic where he has
worked on the biology and chemistry of
seaice.

David N. Thomas
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Sea of tranquility Photo by Rudi Caeyers/BFE-UIT
Calm sea outside the West coast of Svalbard.
Picture taken during the ATP-cruise in May 2010
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Bands of Floating Ice

Rudi Caeyers

Rudi Caeyers is a Belgian photographer,
living and working in Tromsg, northern
Norway. He has worked as a photographer
and designer for the Norwegian Polar
Institute, the Arctic Council and the
Tromse University. He has participated in
several expeditions to the Arctic and has
held exhibitions in several European cities.

Paul Wassmann

Paul Wassmann is a research professor at
Tromse University (Norway), and head of
the Arctic Tipping Point project. He is also
Paul Wassmann in charge of the ARCTOS network and has
led and participated in many scientific
expeditions to the European sector of the
Arctic Ocean.
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Looking towards Ellesmere Island, Canada Photo by Camille Seaman
North West Greenland, in August 2009
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Light on the Horizon

Paul Wassmann

3 Marginal Ice Zone

Camille Seaman

Camille Seaman is a Fine Arts
photographer who has been making
images in the Polar Regions for over
10 years. Her work has been widely
published and exhibited globally.
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Albert Land skyline
North of Spitsbergen. Latitude: 79° 30" O N. Longitude: 11° 30'0 E

Photo by Manuel Elviro Vidal
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Bright Days

Manuel Elviro Vidal

Manuel Elviro Vidal is a filmmaker and
multimedia artist who collaborates with
the Arctic Tipping Points project and

was the artistic coordinator for this book.
He contributes to many projects for the
dissemination of science in which he acts
as an artistic-scientific filter.

Paul Wassmann
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Cold soup Photo by Manuel Elviro Vidal

Ingredients: light, shape and movement
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Inside the Ice

T
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Pink ice

Open driftice, North of Svalbard. Picture
taken during the ATP-cruise in May 2009
Photo by Rudi Caeyers/BFE-UIT
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The Magic of Melting Sea Ice

T
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An ice floe, remnants of the summer sea
Ice drifts near North West Greenland in August 2009

Photo by Camille Seaman
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Mighty Ice Keels

S
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Moffen 1 Photo by Rudi Caeyers/BFE-UIT
The island of Moffen north of Svalbard. Picture taken during the ATP-cruise
in May 2009
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Mystery of a Foggy Day

T
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Moffen 2 Photo by Rudi Caeyers/BFE-UIT
The island of Moffen in the fog, north of Svalbard. Picture taken during the
ATP-cruise in May 2009
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White Out!
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Stranded icebergs

Photo by Pau

Smann
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Stranded Giants

S
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Stunning dialogue between nature and culture Photo by Paul Wa




. . I . . . . . 3 Marginal Ice Zone

Size is a Relative Thing
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Kongsfjorden Photo by Manuel Elviro Vidal

View of Kongsfjorden from the scientific settlement Ny Alesund
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Wuthering Expectations

Manuel Elviro Vidal

Manuel Elviro Vidal is a filmmaker and
multimedia artist who collaborates with
the Arctic Tipping Points project and

was the artistic coordinator for this book.
He contributes to many projects for the
dissemination of science in which he acts
as an artistic-scientific filter.

Paul Wassmann

Paul Wassmann is a research professor at
Tromse University (Norway), and head of
the Arctic Tipping Point project. He is also
in charge of the ARCTOS network and has
led and participated in many scientific
expeditions to the European sector of the
Arctic Ocean.

Paul Wassmann
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Confrontation between glacier and fjord

Photo by Paul Wassmann
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Bright Front of a Glacier

T
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See Hornsund on a Crisp Day, and Die!

T

Hornsund panorama Photo by Rudi Caeyers/BFE-UIT
Sunny morning at the Polish station at Hornsund, Svalbard. Picture taken
during the ATP-cruise in May 2009
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Rudi Caeyers

Rudi Caeyers is a Belgian photographer,
living and working in Tromsg, northern
Norway. He has worked as a photographer
and designer for the Norwegian Polar
Institute, the Arctic Council and the
Tromse University. He has participated in
several expeditions to the Arctic and has
held exhibitions in several European cities.

Paul Wassmann
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No man'’s land

North-west Spitsbergen, National Park

Photo by Manuel Elviro Vidal
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The Vista Can Be Like
an Epic Canvas

I:
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Small sailing ship Photo by Camille Seaman
In front of Svalbard’s 14th of July Glacier, in July 2008
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A Giant’'s Causeway

Paul Wassmann

4 Glaciers and Fjords

Camille Seaman

Camille Seaman is a Fine Arts
photographer who has been making
images in the Polar Regions for over
10 years. Her work has been widely
published and exhibited globally.
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Tourism

The seais like friendship, you can see the horizon, but not the end

Photo by Manuel Elviro Vidal
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Magdalena

T
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Kongsvegen Photo by Manuel Elviro Vidal

The entire glacier is 1 km wide and has a 20 m high cliff-face at the terminus
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Glaciers: Extraordinary Span
of Frosty Colors

T
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Giant icebergs
Detail of giant icebergs in Greenland's
lllulissat Bay, in August 2009

Photo by Camille Seaman
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Ginnungagap

Paul Wassmann
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Kongsvegen
20 m high cliff-face at the terminus
Photo by Manuel Elviro Vidal
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At the Glacier Bay

Yearn Hong Choi

Yearn Hong Choi is a Korean poet based
in the United States, who has published
three collections of poems in English:
Autumn Vocabularies, Moon of New York and
Copenhagen’s Bicycle. At The Glacier Bay is
published in his collection Copenhagen’s
Bicycle (2010). He received a doctorate
degree in environmental policy from
Indiana University.

Yearn Hong Choi
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[llulissat Bay
Detail of giant icebergs in Greenland's lllulissat Bay, in August 2009
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Photo by Camille Seaman
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Eternal lce:

A Key Element of Life on Earth
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A quiet moment
Its predators, human beings, orcas and polar bears, run their own risk.

Walruses' tusks grow to three feet (0.9 m)

Photo by Manuel Elviro Vidal
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A Brown Dot
on a White Background

Manuel Elviro Vidal

Manuel Elviro Vidal is a filmmaker and
multimedia artist who collaborates with
the Arctic Tipping Points project and

was the artistic coordinator for this book.
He contributes to many projects for the
dissemination of science in which he acts
as an artistic-scientific filter.

Elisabeth Halvorsen

Elisabeth Halvorsen is a Norwegian
marine biologist specialized in
zooplankton ecology. She is currently
heading the coordinators office of the EU
FP7 Arctic Tipping Points project.

Elisabeth Halvorsen
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The chief Photo by Manuel Elviro Vidal
Unperturbed at the prow of R/V Jan Mayen
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A Polar Bear!

Alicia Rivera

5 Arctic Fauna

Alicia Rivera

Alicia Rivera is a science correspondent
with El Pais, a leading Spanish newspaper.
Among the stories she covers are those
concerned with environmental sciences
and climate change. Alicia has reported
on polar research in the field, both in
Antarctica and the Arctic.
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Eagerly Phot

A Greenland dog waits eagerly for the return of the cold and snow, Western
Greenland in August 2009
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Husky

Camille Seaman

Camille Seaman is a Fine Arts
photographer who has been making
images in the Polar Regions for over
10 years. Her work has been widely
published and exhibited globally.

Carlos M. Duarte

Carlos M. Duarte is a research professor
with the Spanish Council of Scientific
Research (CSIC), whose participation in

the Arctic Tipping Points project he heads.
He led the first Spanish oceanographic
expedition to the Arctic in 2007, and has
led and participated in many scientific

expeditions to the Arctic and Antarctica.

Carlos M. Duarte
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The zooplankton Calanus glacialis
A keystone species of the Arctic Ocean ecosystem. Take note of the accu-
mulated fat inside the body which reflects a successful grazing season and

reserve for a long winter under the ice

Photo by Albert Calbet



Tiny Grazers in Oceanic Prairies:

The Arctic Marine Zooplankton

Miquel Alcaraz

5 Arctic Fauna

Miquel Alcaraz

Miquel Alcaraz is a research professor at
the Spanish Council of Scientific Research
(CSIC). His participation in the Arctic
Tipping Points project deals with the
study of the effects of temperature rise

on plankton and its consequences for the
whole Arctic marine ecosystem. He has
participated in scientific expeditions to
Antarctica and the Arctic, amongst them
the first Spanish oceanographic expedition
to the Arctic in 2007.

Watercolours by Miguel Alcaraz
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Polar bear 1

Polar bear mirroring in the water. Picture
taken during the ATP-cruise in May 2009
Photo by Rudi Caeyers/BFE-UIT
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Rudi Caeyers

Across the Mirror

Rudi Caeyers is a Belgian photographer,
living and working in Tromsg, northern
Norway. He has worked as a photographer
and designer for the Norwegian Polar
Institute, the Arctic Council and the
Tromse University. He has participated in
several expeditions to the Arctic and has
held exhibitions in several European cities.

Carlos M. Duarte
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Rein ved hav Photo by Arvid Sveen

On summer pasture in Finnmark, northern Norway. Relaxing from insect

assault in the cool breeze from the sea
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A Life of Respect

Agqgaluk Lynge

5 Arctic Fauna

Arvid Sveen

Arvid Sveen is a visual artist, photographer
and graphic designer. He is a member

of The Association of Norwegian Visual
Artists (NBK). His previous photographic
publications include: Helleristninger

(Rock Carvings in Alta, 1996), Vakre
Varanger (Beautiful Varanger, about the
land of the Varangerfjord, 2000), Mytisk
Landskap (Mythical Landscape, about Sami
landscape and places of sacrifice, 2003),
and Tinden: Portretter (Portraits of Mount
Tinden in Tromsg) (2006).

Aqqaluk Lynge

Aqqaluk Lynge is a prominent Greenlandic
intellectual and poet, and is currently the
President of the Inuit Circumpolar Council
(ICC) and collaborator with the Arctic
Tipping Points project. An indigenous
Kalaallit, Lynge is a member of the United
Nations Permanent Forum on Indigenous
Issues, a forum that examines issues such
as the economic and social development,
culture, environment, education, health
and human rights of indigenous peoples.
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Group of male walruses Photo by Mikael Sejr

Resting on an ice floe in Young Sound, North-Eastern Greenland
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The Big Vulnerable Walrus

Mikael Sejr

Mikael Sejris a senior scientist at the
National Environmental Research Institute
at Aarhus University (Denmark). He
studies the Arctic marine ecosystem
focusing on the waters around Greenland.

Mikael Sejr
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[ttoggortoormiit Photo by Camille Seaman

An East Greenland grandfather holds his grandson in the village of

Ittoggortoormiit. August 2006
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Looking with Expectation

Camille Seaman

iInto the Future

Camille Seaman is a Fine Arts
photographer who has been making
images in the Polar Regions for over
10 years. Her work has been widely
published and exhibited globally.

Paul Wassmann

Paul Wassmann is a research professor at

Tromse University (Norway), and head of
the Arctic Tipping Point project. He is also
in charge of the ARCTOS network and has
led and participated in many scientific
expeditions to the European sector of the

Arctic Ocean.

Paul Wassmann
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Nenets relaxing
and watching their herd
Photo by Ellen Inga Turi (EALAT)
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Y

6 Arct

ic Peo

ple



Warm smile

A young boy in North western Greenland shares his warm smile in August 2009
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Confident

T
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Greenlandic youth Photo by Rudi Caeyers/BFE-UIT
In Sisimiut, in August 2009
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Reflections

Rudi Caeyers

Rudi Caeyers is a Belgian photographer,
living and working in Tromsg, northern
Norway. He has worked as a photographer
and designer for the Norwegian Polar
Institute, the Arctic Council and the
Tromse University. He has participated in
several expeditions to the Arctic and has
held exhibitions in several European cities.

Paul Wassmann

121



Japanese born Iku Oshima Photo b

Arrived to Siorapaluk Greenland in the early 1970’s with a Japanese

adventure expedition, He decided to stay and has been in the far North

settlement ever since (Siorapaluk, August 2009)




A Generation that Had to Cope
with Enormous Change
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Photo by Rudi Caeyers/BFE-UIT

Fishingboat

Atypically red colored, greenlandic fishing boat cruising along the icebergs of

lllulisat, in August 2009
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The Meaning of Life:
Hunting and Fishing

I:




Sjolaksefiskere
Store Molvik, Tanafjorden June 1993




What Are They?

Paul Wassmann

6 Arctic People

Arvid Sveen

Arvid Sveen is a visual artist, photographer
and graphic designer. He is a member

of The Association of Norwegian Visual
Artists (NBK). His previous photographic
publications include: Helleristninger

(Rock Carvings in Alta, 1996), Vakre
Varanger (Beautiful Varanger, about the
land of the Varangerfjord, 2000), Mytisk
Landskap (Mythical Landscape, about Sami
landscape and places of sacrifice, 2003),
and Tinden: Portretter (Portraits of Mount
Tinden in Tromsg) (2006).
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Flaying a seal
In Ummanaagq, Western Greenland,
in August 2009

Photo by Camille Seaman
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Marine Mammals
Are Essential Food

W
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Sorting out reindeer Photo by Ellen Inga Turi (EALAT)
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Reindeer Herding: Lifeline
of Life in Northern Siberia

M




The deceased are close to people and need a good view Photo by Paul Wassmann
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Memento Mori
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Measuring Ice Photo by Rudi Caeyers/BFE-UIT
A scientist measuring the thickness of the ice sheet in the Fram Strait.
Picture taken during the IAOOS-cruise in April 2007
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Peering into a Hole

Isabelle Laurion

7 Research

Rudi Caeyers

Rudi Caeyers is a Belgian photographer,
living and working in Tromsg, northern
Norway. He has worked as a photographer
and designer for the Norwegian Polar
Institute, the Arctic Council and the
Tromse University. He has participated in
several expeditions to the Arctic and has
held exhibitions in several European cities.

Isabelle Laurion

Isabelle Laurion is a professor at the
Institut National de la Recherche
Scientifique, Université du Québec
(National Institute of Scientific Research,
Quebec University, Canada) and a member
of the Centre for Northern Studies and
ArcticNet. She has been involved in
research projects on polar ecosystems
since 1992. She is particularly interested
in the lakes and ponds associated with
permafrost melting and their role in global
carbon cycling.
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Sediment trap sampling Photo by Rudi Caeyers/BFE-UIT

Scientists from the University of Tromsg taking in sediment trap samples.
Picture taken during the IAOOS-cruise in April 2007
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What's Going on Down There?

Elisabeth Halvorsen

Elisabeth Halvorsen is a Norwegian
marine biologist specialized in
zooplankton ecology. She is currently
heading the coordinators office of the EU
FP7 Arctic Tipping Points project.

Elisabeth Halvorsen
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Science crew Photo by Rudi Caeyers/BFE-UIT
Scientists from the Norwegian Polar Institute preparing for a field trip on the
ice during the iIAOOS-cruise in April 2007

140



Stepping Out

onto the Arctic Ocean

Warwick F. Vincent

7 Research

Warwick F. Vincent

Warwick F. Vincent is a professor and
Canada Research Chair at Laval University,
Québec City (Canada), where he also
directs the Centre for Northern Studies
(CEN), a centre of excellence for research
and training in northern science and
engineering. He has worked in the Polar
Regions for more than 30 years and has

a special interest in how climate change
affects high latitude lakes, rivers and
coastal seas.
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Old building on Hopen

Visiting the Hopen Meterological Station
during the ATP-cruise in May 2010
Photo by Rudi Caeyers/BFE-UIT
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Irene Fernandez

Open Your Eyes and See...
Hopen: Your lce and Sea...

Irene Fernandez is an environment
correspondent with the television
channels Cuatro and CNN+ in Spain.
Among the stories she covers are those
concerned with environmental sciences
and climate change. Irene has twice
reported on polar research in the field in
the Arctic, including the 2009 ATP cruise
to the Arctic Ocean.

lrene Fernandez
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Life in your hand

This small crustacean is a very important link in the Arctic food web

e explore the future of the Arctic by carrying

out experiments on tiny volumes of water.
Every milliliter of these samples is a precious item for
the scientist involved in evaluating the responses of
planktonic communities to warming.

With these samples we must measure changes in
dozens of different properties (from bacterial mortality
to CO, release by the planktonic community), each of
them fundamental for the future of the Arctic ecosys-
tem. The volume of water each measurement requires
ranges from 2 liters to measure changes in the structure
of the silica valve of diatoms, to 10 mililiters to assess
bacterial abundance and production.

The reader will surely wonder what can be learnt
from a few milliliters of water, how can the observation
of a few milliliters of water deliver any meaningful in-
sight into the effects of phenomena of on a planetary
scale, such as climate change and its impacts on the
Arctic?

One milliliter is equivalent to about 20 drops, or if
you prefer, 20 tears, as our tears have the same ionic
composition as seawater. In fact, as the Spanish poet
Federico Garcia Lorca says in his poem “The Seawater

Ballad” (1919), we cry seawater:

Photo by Manuel Elviro Vidal



Carlos M. Duarte

7 Research

Manuel Elviro Vidal

Manuel Elviro Vidal is a filmmaker and
multimedia artist who collaborates with
the Arctic Tipping Points project and

was the artistic coordinator for this book.
He contributes to many projects for the
dissemination of science in which he acts
as an artistic-scientific filter.

Carlos M. Duarte

Carlos M. Duarte is a research professor
with the Spanish Council of Scientific
Research (CSIC), whose participation in
the Arctic Tipping Points project he heads.
He led the first Spanish oceanographic
expedition to the Arctic in 2007, and has
led and participated in many scientific
expeditions to the Arctic and Antarctica.




Scale Photo by Manuel Elviro Vidal

Konstantin Soloviov (SI0 RAS-Russian Federation) studying zooplankton on
board R/V Jan Mayen
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Scientific Research

Is Discovery

Connie Lovejoy

7 Research

Connie Lovejoy

Connie Lovejoy is associate professor at the
Department of Biology, Laval University,
Québec City (Canada). Her primary focus
are the molecular microbiology and
processes of the Arctic Ocean, coastal and
inflowing waters, and she has participated
in many research expeditions to the Arctic.
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Spanish researchers take ice samples during the ATOS-Arctic Expedition Photo by Susana Agusti
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On the Ice Floe

Susana Agustf

7 Research

Susana Agusti
™

Susana Agusti is a research professor with
the Spanish Council of Scientific Research
(CSIC). She leads examinings the impact
of changes in the Arctic Tipping Points
project. She has led and participated in
multiple scientific expeditions to the
Arctic and Antarctica and led the first
Spanish oceanographic expedition to the
Arcticin 2007.
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Johnna & Ulrike
Working in the UNIS laboratories in Svalbard
Photo by Manuel Elviro Vidal
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Johnna Holding

“Real” Arctic Water

Johnna Holding is a PhD student at
IMEDEA (CSIC-UIB), Mallorca (Spain),
working on the impact of climate change
on polar ecosystems. She has completed
two Arctic cruises and two experimental
campaigns, all within the Arctic Tipping
Points project.

Johnna Holding



ColdLab Photo by Manuel Elviro Vidal
Jorge Felipe (CSIC) working in his cold laboratory (=2 °C) zooplankton on
board R/V Jan Mayen

152



......I. 7 Researc h

Simulating a Warmer Arctic

A

Carlos M. Duarte
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Multinet

Marine biologists sampling small
creatures with a multinet during the
iAOOS-cruise in April 2007

Photo by Rudi Caeyers/BFE-UIT




......I. 7 Researc h

A Net to Collect

A
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En stein-labyrint are often close to burial grounds. To acknowledge the mysterious transition
Sgr-Varanger, Finnmark, August 1995 between life and death, labyrinths may have had a ritual role conveying the
Neolithic stone circles are common along the coast of Finnmark, dead in and out of circular time

northeasten Norway and the Kola Peninsula in northwestern Russia. They Photo by Arvid Sveen
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Time is Circular

Paul Wassmann

8 Time

Arvid Sveen

Arvid Sveen is a visual artist, photographer
and graphic designer. He is a member

of The Association of Norwegian Visual
Artists (NBK). His previous photographic
publications include: Helleristninger

(Rock Carvings in Alta, 1996), Vakre
Varanger (Beautiful Varanger, about the
land of the Varangerfjord, 2000), Mytisk
Landskap (Mythical Landscape, about Sami
landscape and places of sacrifice, 2003),
and Tinden: Portretter (Portraits of Mount
Tinden in Tromso) (2006).

Paul Wassmann

Paul Wassmann is a research professor at
Tromse University (Norway), and head of
the Arctic Tipping Point project. He is also
in charge of the ARCTOS network and has
led and participated in many scientific
expeditions to the European sector of the
Arctic Ocean.
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Arctic Tipping Points

Helleristninger

Rock carving from 4200-3600 BC,
Alta, Finnmark, September 1995
Photo by Arvid Sveen
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The Magic of Depicting Life

A
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Kvalsund, Finnmark,

September 1995

Photo by Arvid Sveen
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Phallic Stones and the Sacred,
Indispensable Sacrifice
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Lone kajak Photo by Rudi Caeyers/BFE-UIT
Local Inuit observing tourists at Kullorsuaq, Greenland during a

Hurtigruten-cruise in August 2009
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A Gone Bye Way of Life

Rudi Caeyers

Rudi Caeyers is a Belgian photographer,
living and working in Tromsg, northern
Norway. He has worked as a photographer
and designer for the Norwegian Polar
Institute, the Arctic Council and the
Tromse University. He has participated in
several expeditions to the Arctic and has
held exhibitions in several European cities.

Paul Wassmann
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Sami Elder Arne

Lives near Nord Kapp in Norway and
has been herding reindeer all his life.
Now he shares his favorite reindeer
with tourists by the side of the road
(Nordkapp, Norway, 2009)

Photo by Camille Seaman
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Camille Seaman

The People with the éiehgahpir,
the Four Winds Hat

Camille Seaman is a Fine Arts
photographer who has been making
images in the Polar Regions for over
10 years. Her work has been widely
published and exhibited globally.
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Snowmobiles “oversummer” Photo by C s M. Duarte

Outside Longyearbyen, Svalbard




Carlos M. Duarte

Outskirts
of an Arctic Metropolis

Carlos M. Duarte is a research professor
with the Spanish Council of Scientific
Research (CSIC), whose participation in
the Arctic Tipping Points project he heads.
He led the first Spanish oceanographic
expedition to the Arctic in 2007, and has
led and participated in many scientific
expeditions to the Arctic and Antarctica.

Paul Wassmann
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Two cultures meet Photo by Svein D. Mathiesen (EALAT)

In the Nenets region
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Opportunities for Two Cultures

A\
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Kubrick's tribute Photo by Manuel Elviro Vidal

The wind carries distant sounds down from the mountains that transform

into the orchestral work of “Thus spoke Zarathustra” by Richard Strauss
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Conserving Change

Paul Wassmann

8 Time

Manuel Elviro Vidal

Manuel Elviro Vidal is a filmmaker and
multimedia artist who collaborates with
the Arctic Tipping Points project and

was the artistic coordinator for this book.
He contributes to many projects for the
dissemination of science in which he acts
as an artistic-scientific filter.
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QUADRATI 2005
Aluminium and stone 60x29x5 cm

Photo by Terje Roalkvam
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Terje Roalkvam

Interaction between Nature
and Technology

Terje Roalkvam is a Norwegian sculptor,
based in Oslo. Educated at The State School
of Art and Craft, Oslo (Norway), and The
Art Academy in Warsaw (Poland). His work
isrepresented in museums and private
collections and he has had solo exhibitions
in Scandinavia and several other European
countries.

Terje Roalkvam




Nordlys
Finnmark, Oktober 1995

Photo by Arvid Sveen
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Northern Light:
Bridge between Worlds

W
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Just a few hundred meters from the shores of Qegertarsuaq Greenland Photo by Camille Seaman

This large iceberg (30+ meters) rolls over as its mass becomes inbalanced
(August 2009).

178



IIIIIIII c e

The Tipping Arctic Opera

Aqqaluk Lynge

Agqaluk Lynge is a prominent Greenlandic
intellectual and poet, and is currently the
President of the Inuit Circumpolar Council
(ICC) and collaborator with the Arctic
Tipping Points project. An indigenous
Kalaallit, Lynge is a member of the United
Nations Permanent Forum on Indigenous
Issues, a forum that examines issues such
as the economic and social development,
culture, environment, education, health
and human rights of indigenous peoples.

Agqgaluk Lynge
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