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New record in atmospheric CO, concentration: 415 ppm

Carbon dioxide concentration at Mauna Loa Observatory
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Atmospheric content: direct and proxy measurements

Carbon Dioxide Concentrations
Ice Core Data Mauna Loa
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The Holocene (10,000 years) perspective

Ice-core data before 1958. Mauna Loa data after 1958.
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CO2 Concentration (ppm)

400(

350

300

250

Glacial Pleistocene (800,000 years) perspective

Ice-core data before 1958. Mauna Loa data after 1958.
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Atmospheric CO, concentration and air temperature

Temperature and CO, for the last 1,000 Years
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Impacts of climatic warming

» Higher temperatures
» Climate imbalances
» Extreme events

» Ice and snow melting

e Sea-level rise
* Permafrost thawing



Sea level satellite observations 1993-2018

SATELLITE DATA: 1983-PRESENT RATE OF CHANGE
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Global Mean Sea Level History and Projections
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Possible increase from Antarctic ice melt
(up to 2.4 meters total rise by 2100)

Currently projected range
(0.3 meters to 1.2 meters)
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Cenozoic (500,000,000 years) perspective
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Polar areas of the Earth




Arctic sea ice
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Arctic permafrost
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Sea-ice effects on biota

permanent ice cover

\marginal ice zone K

snow algae

pond

sea floor



Arctic population
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Amplified warming in the Arctic

| Arctic
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Possible feedback mechanisms for Arctic amplification

Weridional Trensport Mear-3urface Air

[Atmosphere/Ocean, Sea loe)

Temperature Rise

More Downward
Terrestrial Radiation

Larger Energy
Fluxes

:

More Water
Vapor & Ch:f_.lds

Warmer Dceanic
Mixing Laver

—

MMore Aerosols,
Soot [(Atmos- [

pherefSurface)

Lower Surface
Reflection,
More Solar Absorption

Increesed Biological
Activity in the Ocean

4

Red - surface albedo effect

Blue — meridional atmospheric/oceanic transport
Black - effects of water vapor and clouds

Green - effects of aerosol particles

Purple - increased oceanic biological activity

from Wendisch et al., Eos 2017



Change in Arctic sea-ice concentrations
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Ice Volume Anomaly relative to 1979-2018 [1000 km?]

Arctic sea ice volume anomaly, 1980-May 2019
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Impacts of sea-ice |0ss

Hemispheric/Global

e\Weather in mid-latitudes
eFreshwater effect on North Atlantic

*CO, balance, methane emissions

Arctic
eEcosystems, biodiversity

eSocio-economic (indigenous peoples,
shipping, resource developments)

from Jakobsson et al., QSR, 2014



Impacts: Polar Jet Stream = weather in mid-latitudes
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Typical sea-ice cover: Reduced sea-ice cover:
compact PJS configuration wavy PJS (Polar Vortex)

NASA,
http://www.giss.nasa.gov/research/news/2012
0313/629341main_Earth_jet_stream.jpg




Super warm Arctic & “cold spot” in the North Atlantic

On time scales >20 yr,
the largest impact is
from melting Arctic
sea ice (Sevellec et al.,
NatClimChange 2017)
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Global circulation ‘conveyor belt’
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Permafrost degradation and forest invasion

Photosynthesis increase (green) 1981-2005



Methane emissions from tundra and Arctic sea floor

Gas chimneys and methane seepage on the Barents Sea shelf
(from Andreassen et al., 2017)
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Greenland ice loss

Greenland Ice Sheet Mass,

2000 [~ ; 5 : .
Anomalies Relative to Timeseries Mean

1000 [~

1000 [ source: NASA GRACE, David Wiese, JPL

Mass Change (Gigatons)

-2000 —l

2000 2005 2010 2015

Greenland Ice Loss

water equivalent relative to 2002)

-4 T 0.5




Jakobshavn glacier calving




Impacts of sea-ice loss

Hemispheric/Global

\Weather in mid-latitudes
Freshwater effect on North Atlantic

*CO, balance, methane emissions

Arctic

*Ecosystems, biodiversity

*Socio-economic (indigenous peoples,
shipping, resource developments)

from Jakobsson et al., QSR, 2014



Threats to Arctic ecosystems

» Disappearance of sea ice
 Invasion of low-latitude species
 Acidification




Threats to Arctic humans




Stress on infrastructure

Beach erosion in Barrow, Alaska



Arctic

shipping
routes

Unlocking an Ocean

The Arctic ice cap is shrinking in summers and thinning, opening
shipping lanes and access lo valuable natural resources.

NATURAL RESOURCES

Perhaps the biggest Arclic prize is
oil and natural gas. The melting of
the ice cap will allow energy
companies to reach numerous
petroleum deposits believed to
exist under the Arctic seabed.

Metlting ice could soon open three
polar passages histarically clogged by
ice, allowing shipping companies to
greatly reduce the time it takes to cross
the globe and deliver goods.

=== Northwest Passage

— Areas of known and
=== Northern Sea Route prospective il and
= Arctic Bridge gas reserves

Northwest Passage
The Northwest Passage would be
the last of the three main routes to
thaw, partly because it passes
through straits that get blocked
more easily by ice. But some
Canadian officials estimate it

will open within 20 years.

Northern Sea Route

During the Soviet era, millions of tons
of cargo passed along this route with
Lhe help of nuclear-powered
icebreakers. Transport plunged after
the Soviet Union collapsed. If ice pulls
back from the coast as many scientists
projecl, ships moving between
northern Europe and Asia could

cut transit time by 10 to 15 days.

CANADA

RUSSIA

Bridge
he route connecting Murmansk
and Churchill is already open

Panama Suez Canal
Canal route route
15,000 miles 13,000 miles

Sources; NOAA; UL8. Arctic Research Commission; Arctic Coungil: Uinifed Nations Enviranment Program. Aveiic Ciimate fmpact Atpmic Er A Erin Aigner and David Constantine The New York Times




Modeling changes in shipping routes
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Migration of fisheries

DEGREES WARMING

,-& ARCTIC Warming and sea ice melt will open up new Arctic

REGIO N habitats for temperate species migrating from lower

latitudes.
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Tekman et al., DSR 2017




The first bulk freighter to pass through the NW
Passage was carrying coal

The 225-m Nordic Orion along the Northern Sea
Route, Vancouver to Finland



Arctic Ocean oil and gas potential

“ § The Kara Sea has some
N of the highest potential
for gas production in the
Arctic, according to the
US Geological Survey.

The Chukehi Sea could
contain as much as

2 trillion cubic metres of
natural gas and 15 billion 2
barrels of technically i
recoverable oil and
natural-gas liquids.

North Pole:

Russia plans to start
drilling for oil in the
s southeastern Barents Sea.

1

. High potential for
ail or gas

(\ kL 4
Cairn Energy drilled several
unsuccessful wells off the

west coast of Greenland in
2010 and 2011.

Norway's Statoil

announced a major oil

discovery in the
Barents Sea this year.

Moderate potential
for oil or gas

. Areas not yet
assessed

. Little or no potential
for oil or gas

Nature, 2011



Oil and gas planning areas in Alaskan
Arctic waters




Imagine if the Gu]_f of Mexico Oi]_ Spl]_]_ happened in the Arctic Ocean

Below are two simulated oil slicks each comparable in size to BP's spill in the Gulf of Mexico.

Oiled areas are based on weekly satellite data from late April to late May 2010. The ofi spill trajectory illustrates one possible outcome, but ocean currents
and winds could vary the footprint of an actual spill (for example, pushing oil onshore in the Chukchi Sea or offshore in the Beaufort Sea).

Walrus &
seal haulouts

s ()
Shell Exploration « wals ey == e
T

a . Drilling Sites R week 3

a'week1 week 2

Simulated Chukchi Sea
Oil Spill .+,

National Petroleum Reserve -
Alaska

Walrus &
seal haulouts '@

()

A LASKA

@ &

Mid-summer sea ice

D2 o g
Simulated Beaufort Sea
Qil Spil,
Shell Exploration o
#y Drilling Sites ar
i) v week 1 week 2 week 3 week 4
= Ll

’ ~—r
Kaktovik

Prudhoe Bay

Arctic National
Wildlife Refuge

%

P
Audubon

ALASKA




Application of the Law of the Sea (Article 76)
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Arctic countries
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Article 76 claims in the Arctic

The Lemonosov Ridge runs
across the Arctic basin. Its high
topography could allow Russia,
Canada and Denmark to claim
extended continental shelves.

Russia’s submitted claim
extends to the North
Pole, but Denmark and
Canada may also lay
claim to that territory.

rth Pole"
The United States ES

and Canada have

been conducting joint
mapping expeditions
in the Arctic.

GREENLAND
(DENMARK)

- Last year, Russia and
0 Norway settled a
LD decades-old dispute by
\ _ agreeing on their joint
boundary in the
\\ﬁ Barents Sea.
W ]

'\gﬁ.\-.

— Agreed boundaries

Nature, 2011



New players in the game

NS 50 Let Pobedy
Commissioned: 1993/2007
Dimensions: 159.6 m x 30 m
Displacement: 25,168 t
Propulsion: Nuclear-Electric

NS Arktika

Commissioned: 2019
Dimensions: 173.3 m x 34 m
Displacement: 33,540 t
Propulsion: Nuclear-Electric

USCGC Polar Star
Commissioned: 1972
Dimensions: 122 m x 25.5 m
Displacement: 11,037 t
Propulsion: CODLOG

USCGC Healy
Commissioned: 1999
Dimensions: 128 m x 25 m
Displacement: 16,257 t
Propulsion: Diesel-Electric

Xue Long

Commissioned: 1994
Dimensions: 167 m x 22.6 m
Displacement: 21,025 t
Propulsion: Diesel-Mechanical

Xue Long 2

Commissioned: 2019
Dimensions: 122.5 mx 22.3 m
Displacement: 13,990 t
Propulsion: Diesel-Electric

20m 40m A0m 100m 120m 140m

THE ARCTIC INSTITUTE | CENTER FOR CIRCUMPOLAR SECURITY STUDIES © Malte Humpert



Unrest in the Kingdom of Denmark

1721 1979 1985
population Danish Greenland  Greenland
missionaries granted leaves the . .
tavelto ~ homerule; European Greenland is an autonomous constituent
of the Greenland capital Uniomn; i
population are rotamed  flagoumeed country of the Danish Realm ...
indigenous, Nuuk {below)
mostly Inuit;
12% are Danish 7,
: f rts be 1
o bl < e u Should Greenland become independent?
GDP per capita . gl = - l
g
0
Ty

ARCTIC OCEAN

_ i
North Poke e

C A=A DUA : e
Station _ .
y Nord o

.
Qaanaaq .

GREENLAND

o 81% of the island g
. mmmm |5 covered in ice i

. - Rangerlussuaq
. ]
; . : RUSSIA
X 3 Ammarssalik Ittaggartoormitt e
Paamiut e ey
Arciaa® e _AE
Na’fﬂﬁlﬂﬂ__. 1 el g circle
- ; FINLAND.
2,166,086 sq km — the largest ﬂnaww” \ :
island in the world B e —— Wb Lo TR o = e |
Sl £E AL L Tt L e

LT L X el = . o ¥ - - g3
i T i L 55T i 5 - e A [
e e, e o 5. b e S el £ e i e

GERMANY




Just headlines ...

A Russian company is pushing forward with plans to bring container shipping to the Northern Sea Route

Chinese firm withdraws bid for Greenland airport projects, reports Sermitsiaq

Insulting Canada won'’t help the US with its Arctic ambitions

In court and out, the Trump administration continues its push for offshore Arctic oil development

Like Denmark and Russia, Canada says its extended continental shelf includes the North Pole

For the first time ever, an Arctic Council ministerial meeting has ended without a joint declaration




Where shall we go?

Secretary Pompeo: ramp up security, no “climate”

China (Korea, etc): international accessibility

Or ... focus on reducing waste (including emissions),

create more protected areas
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