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Climate Crises and Restoratlon of the Arctlc Ice
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* The Arctic region
« The Arctic: near a tipping point

* Why is the Arctic sea ice disappearing

* How it Impacts the ocean, land, atmosphere

P ..How.it Impacts-the worlds people, society, and
secUrty s
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. Potentlal restoratlon methods
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R Continuous Permafrost

e e e The Arctic Region
B Sporadic Permafrost
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Anatomy of the Arctic Sea Ice Multiyear Ice
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The Arctic is Close to a Tipping Point

»>-The Arctic is warming twice as fast as the global average
temperature.

> The contmued loss of Arctic Sea lce is accelerating global
warmmg .

v

~ »>Reaching the tipping point.of a total ice-free summer will
Itin a,global ¢ascade of drastlc cllmate related events.
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RESTORATION OF ARCTIC SEA ICE IS
ESSENTIAL TO PREVENT A GLOBAL CLIMATE CRISIS

* The window for action is quickly closing

* By applying restoration technology, we can prevent
- = the Arctic seaice from total loss

* This. will buy-ustime to eliminate greenhouse gas

—a emissions and:slow dowan climate change
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= ,Ex f"%ﬁ‘ nt ional program will be needed to
= accomplish this effort S
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We Need To ASK...

The government of the United States to
implementa comprehensive, broad,
international program of

STRATEGIC RESEARCH & DEVELOPMENT,
— ==*the =~

- T '-—v N
-“’(ﬁ ICHC ia: --'f |

= with the objective of
RESTORING THEARCTIC SEA ICE_




LOSS OF SEA ICE: IMPACT TO GLOBAL WARMING
% DISTRIBUTION TO TOTAL

GLOBAL WARMING 1979-2011 Arctic ice-free summers will
further increase global warming
60-80% . Three.tlmes more that
warming from current Loss of
Arctic Ice

B 20-40%

WARMING FROM WARMING FROM MAN- -
SEA ICE DECLINE / MADE CO, EMISSIONS
REFLECTIVITY LOSS (1979 - 2011)

Reference: Pistone, etal, Radiative Heating of an Ice-Free Arctic Ocean, AGU 10.1029/2019GL082914



WHY IS ARCTIC SEA-
ICE DISAPPEARING?

Burning fossil fuels amplify
the greenhouse effect,
iIncreasing the melting of
the ice

lce-melt is further
accelerated as the Arctic
atmosphere and ocean
heat up




GREENHOUSE EFFECT

Natural
Greenhouse Effect
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GREENHOUSE EFFECT

Natural Human Enhanced
Greenhouse Effect Greenhouse Effect
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Sep 2018 — Sep 2019
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Sep 1984 Sep 2019

SEA ICE MINIMUM SEA ICE MINIMUM
Sep 1984 Sep 2019







Decline in area of the the oldest Arctic Sea Ice

~ 1,158,300 sg mi

Sea ice that is 5 or more years old
52-week moving average

1980 1985 1990 1995 2000 2005 2010

~ 3,900 sq mi

2015
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Extent of Old Arctic Sea Ice (10° km?)
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Headlng in 10 years to an ice-free Arctic summer

Arctnc Sea Ice Volu me Anomaly and Trend from PIOMAS
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2019:

Second greatest loss
In average sea ice
volume since 1979
(75% loss over 50 yrs)
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£75%

LOSS IN AREA LOSS IN

COVERAGE VOLUME
Since 1980 Since 1980
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Arctic sea ice restoration will be applied to a
limited area — just the ice
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;.Jjjlls process wullﬂot have
unmtended conseqyences -




Arctic Warming 2X Faster than Average World Temperature -
Arctic Amplification -

e _Arctlc -4. 4°C

- 1880 - 1884 \2013 2017

Surface Temperature Since 1880’s

Arctic - Areas north of 60° N Lat

Baseline — Average 1951 to 1980 -



Temperature Anomaly

Temperature Anomaly Global Average and Arctic Average
February 2017 (Base: 1901-2000 average)
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THE LOSS OF ARCTIC SEA-ICE AMPLIFIES

= = [> RISING ARCTIC OCEAN TEMPERATURE
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IMPACT TO OCEAN, LAND, ATMOSPHERE
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REDUCED ALBEDO EFFECT

Arctic sea ice is rapidly disappearing

Open Arctic Ocean absorbs more energy from the sun

Heat is then transferred to the atmosphere and land

- “Arctictemperatures then rise twice as fast as the
<~ rest.of the planet - Arctic Amplification
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THAWING PERMAFROST
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Thawing
Subsea
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Thawing

ermafrost

24‘%: the land in the

Northern Hemisphere
is Permafrost

PP
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B Continuous Permafrost
B Discontinuous Permafrost

Global Stored
B Sporadic Permafrost

= olted permafrs Pl Organic Carbon
S (Billion Tons in CO, equivalent)

[_1Glaciers/Ice Sheet

S | : Oceans = 139,460
' Atmosphere = 3,200
Plants = 2,020

Soil (minus Permafrost) = 2,200
Permafrost = 6,240

. Arctic
X% NorthPole  *™§

¢ '? A, Subsea Permafrost= 400 BT Methane
C AT £ 5 i i (86 x more potent than CO,
PP i r Nis, 7 over 20 yrs = 34,400 BT CO,)
Ocean "'~ _ _ £-- SRR > Depth of thawing could increase by 30-

50% by the year 2080 (United Nations
Environmental Program)

120 ML mercury in Permafrost

Quelle: Brown et al. (1997); 2 x that of total in soil, oceans, atmosphere27
International Permafrost Association
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SEA-ICE, OPEN OCEAN &
LAND ALBEDO EFFECT

* Global warming melts Arctic Ocean sea-ice,
land snow

* White reflective surfaces turn to dark heat-
absorbing surfaces
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THAWING PERMAFROST

Land
Permafrost

10.5 million km?2 in Northern
Hemisphere

z;yu\'c-

A X EEN
Formed when ground

remains frozen: since last ice
age

CO, is produced with
microbial decomposition
under aerobic conditions

Methane is produced under
anaerobic conditions (in
mud or stagnant water)

Organic material
freezes and thaws
each year producing
methane and CO,

< 1m thick

Organic Material

Ice
Remains Frozen

Unfrozen layers
underneath or sometimes
within permafrost layer

29



Arctic Sources of CO, and Methane

Subsea Methane hydrate

Free gas

30



Threat From Deteriorating Arctic Ocean
Continental Shelf

400 Billion tons of Methane is Estimated to be Stored in Arctic
Ocean Continental Shelf

“=Methane’s half Ilfe inthe atmosphere is 7 yrs but is 84 X more
~“potent-as a,greenhouse gasover a 20 yr period than CO2
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otential of & 50-Bitlion- ton. release ofMethane over 10 yrs
: °C mciﬁe wtglobal temperatures within ~10 yrs
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SUB-SEABED PERMAFROST ON Continental Shelf
- Release of Frozen Methane Hydrate -

Permafrost

| Methane
_ | Hydrate stable

__ Thawed subsea permafrost warms
frozen methane hydrate beneath

Frozen methane hydrate melts with potential
release of massive amounts of methane










RAPID THAWING PERMAFROST
- Thermokarst Lakes -

Maximum thaw depths for
Thermokarst lakes has already
exceeded what was expected by
2090.

- 15m in last 50 yrs

Methane from Thermokarst Lakes
not factored into existing global
climate models
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Aprox 70 percent
of infrastructure
in the global
Arctic region is
built on
permafrost.

Consequences of Permafrost Thaw
to Infrastructure




Consequences of Permafrost Thaw
to Infrastructure

Damage could cost
100’s of billions




Designing, construction,
and maintenance of
infrastructure in the
Arctic is and will be a
technical, engineering,
and economic challenge

Consequences of Permafrost Thaw to
Infrastructure




Pacific Ocean
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WARMING ARCTIC RIVERS

Eight major river basins in
the Arctic

Runoff and snow melt from
waterways flow through
warmer land

Warmed land increases
temperature of large north-
flowing rivers in Canada and
Siberia

Outflow provides additional
heat to Arctic Ocean

40



INCREASE OF ATMOSPHERIC H,O VAPOR

Water Vapor Open Ocean
-Greenhouse Gas - -~ Absorb 94% Heat

"

* Rising Arctic air temperatures increases moisture

content of regional atmosphere
* Resulting water vapor, a greenhouse gas, traps
outgoing heat (long-wave radiation) — further

heating Arctic region




MELTING GREENLAND ICE SHEET

42
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GREENLAND ICE SHEET

e 2,900,000 km?3 of Ice

* Melting 7 x faster than the 1990s
* 50% from warming ocean
* 50% from warming atmosphere

* ~“50 melt events at Summit
Reseach Station in past 10,000
years.

- 4 events in past 7 yrs.

Southern Greenland



Greenland Glaciers

* As Greenland’s ice sheet flows to
it’s shore it continues as glaciers
or rivers of ice.

 There are approximately 200
glaciers on Greenland and 28 that
are monitored are shrinking.

Southern Greenland A



Greenland Ice Sheet Meltlng

.
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MELTING GREENLAND ICE SHEET

R——

Greenland Rivers

* Meltwater creates a
18 meter deep canyon. = = .
in the polar ice sheet ™
* Drains down to base|

of ice sheet or flows .:'
over edge into sea :

 Greenlandice
loss alone could add
0.3 to 1 meter to
global sea level rise
by 2100




MELTING GREENLAND ICE SHEET

Record 197
billion tons of
ice lost to the
ocean

July 2019

48



MELTING GREENLAND ICE SHEET

* Melt water flowing down Moulins
from the surface to the base of the
ice sheet / glacier

* Up to 100s of meters deep

|

MELTING WATER FLOWING INTC A Hute NOuwun

SLAOOLDGNAL TEATLEES OF A AN e
IN THE GREENLAND ICE SMEET
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Slowing Atlantic Meridional Overturning Circulation (AMOC)

Ocean currents driven
by the cooling of the
Arctic waters which
Sinks in North Atlantic




Slowing Atlantic Meridional Overturning Circulation (AMOC)

The Gulf Stream transports heat
from tropics:
* Major contributor to maintaining Cold high-salinity

temperature of US East coast dense water sinks to (g \
deep Atlantic

and Europe




Slowing Atlantic Meridional Overturning Circulation (AMOC)

With Arctic warming and
Greenland warming:

Fresh water flowing off Greenland
slows sinking :
* Slows global ocean circulation

* Weakestin 1,600 years Fresh water dilutes
Saline water - slows

sinking

Impacts weather in US East coast
and Europe.




ARCTIC OSCILLATION
- SUMMER POLAR JET STREAM -

Strong Jet
Stream

Large difference in
temperature between mid
latitudes and Arctic

old Arctic
)eratures

Jet stream confines:

* Arctic air to arctic

 Mid latitude air to mid
latitude

Warm mid.
latitude \
temperatures



ARCTIC OSCILLATION

- DISRUPTION OF POLAR JET STREAM - Warming
Arctic

Decrease difference in
temperature between mid
latitudes and Arctic

as the Arctic warms,

The jet stream weakens and
becomes loopier

Warm mid latitude air pushes Heavy i€

into Arctic

Cold Arctic air pushes into mid
latitudes

Disruption becoming prevalent in winter

.{
v"' ® )

Warm Iow
latitude
temperatures

] = /
* Heat wave in Southwest U. S

LA €

Drought across Central Europe 8

' ' }Wuldﬁres m Greece |
oding rains in m|d Atlantic U.S.

; July 22,

California wildfires 1~/ SELET /“"

,*@t

More severe and
unpredictable weather




POLAR JET STREAM

10 June — 8 July 1988

56



Amplified DISAPPEARING ARCTIC SEA ICE Amplified Sea-
GIObf"I IMPACTS TO WORLDS PEOPLE. Level Rise
Warming SOCIETY, AND SECURITY
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AMPLIFIED GLOBAL WARMING

Modification of Storms & Weather
Extremes. Changes in:

Intensity

Frequency

Longevity

Timing

Geographical Distribution

Precipitation type (snow, rain, hail)

Any one of these changes could have
an impact on the capability of a nation
to feed itself and survive.
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10 major river basins fed by

wa - A WATER CRISES FOR 3 BILLION -

Tellow ] i
— “® Himalayan Glaciers and

CHINA , e ' supplemented by monsoons,
T ladas “\ 8 snow melt and ground water
' PAKISTAN NN fangtze provide food, water, and
NEPAL Brabmapeina ) energy for
BHUTAN .~ — 1§ 3 billion people in 12 nations:
frravaddy 5 40% of the world’s population.

BANGLADES)] 2
e MYANMAR
{alween’,

AFGHANISTAN

Ganges

| B Hindu Kush Himalaya
| I Major river basins
i Major rivers

China controls the head-waters of 3

major river basis that also serve India,

Pakistan, Bangladesh:

sets up a scenario for conflict over water

rights.

. Three of these nations have nuclear
capability 59

Global warming augmented by Arctic warming is already causing
glacier retreat, reduction of ground water, and changes to the
timing and intensity of storms and monsoons:
1/3 of glaciers will be melted by 2050 with increased flooding
2/3 will be melted by 2100 with increased water shortages
Weather is becoming unpredictable for food production



SEA LEVEL RISE - US

i
'3
2
-
: 12 million people on
: coastline live within 9ft
:
: of sea level
Miami New York City
New Orleans San Diego
San Francisco Other Cities of
Bay Area the Eastern Sea-
Board and Gulf
States

King Tide in South Florida

60

https://www.wlrn.org/post/what-new-sea-level-rise-projections-mean-florida-keys#stream/0
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ﬂ;“ US Military Bases are
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SEA LEVEL RISE - INTERNATIONAL

By 2050 - Up to 340 million projected to be
below annual flood levels

By 2100 — It's Over 500 million

Migration of 100s of millions in-land or to
attempt to migrate to neighboring countries.

Setting for conflict within or between nations

Bangladesh | South East Asia

India China

Pakistan African Coastal Nations
Vietnam Pacific Island Nations_,




ARCTIC GEOPOLITICS:
ADVANTAGES OF OUR
ADVERSARIES

Russia and China are
extending their influence to
control and exploit the Arctic

Russia has the worlds largest
icebreaker fleet with 40
including nuclear

China has 2 with plans for a
nuclear

US has 2




GLOBAL INFRASTRUCTURE AT RISK

* Fresh Water Supply

e Agriculture

* Energy

* Spread of Tropical Vector Borne
Diseases

* Transportation

* Ecosystem

64



IMPACTS TO WORLDS PEOPLE, SOCIETY, AND SECURITY

THE COST OF DOING NOTHING

* From 2016 through 2018 climate-
related disasters cost the world S650
billion

* By 2100 the global cost could be in the
100’s of Trillions

* It is economically beneficial to rectify
the problem than simply suffer the
fate of man-made climate change.

65



We Need To ASK...

The government of the United States to
implementa comprehensive, broad,
international program of

STRATEGIC RESEARCH & DEVELOPMENT,
— ==*the =~

- T '-—v N
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= with the objective of
RESTORING THEARCTIC SEA ICE_
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National Arctic Ice Restoration Initiative (NAIRI)
- A Strategic International R & D Program -

Potential Restoration Methods

* Small'Spheres (microspheres) spread on
the ice to increase reflectivity (albedo)

*.Flooding ice with.cold sea water to

Thlckenlhe*sea e i R
u;t Je)ther fb‘b\elb\mth s
Propaosals Do = =




Microspheres

Lake Elmo, Minnesota Spread on Ice
4. ol

- ice911.org -

Test done at Lake Elmo,
MN

Toxicology studies
show that there are no
effects on several
species of ocean fish.

From publication at ice911.org, Increasing Arctic Sea Ice Albedo Using Localized
68 Reversible Geoengineering. AGU100



On J.an 31,. 2020 Ice9.11 I.Research anno.u.n.ced that th.ey V\{I" Microspheres
begin testing on sea ice in February utilizing the University
of Manitoba’s Sea-ice Environmental Research Facility Spread on Ice

(SERF) in Winnipeg, Canada. - ice911 -

er rigorously controlled conditions in a contained
ite, these tests will provide the highest
out the performance of Ice911’s

From this work, ICE911 will further quantify the
albedo-enhancing effect of its approach under
various conditions, and its effect on ice

preservation.




Arctic lce Management | Steven Pg

Method proposed
by Steve Desch,
Arizona State

University

h | TEDxASU

VERTICAL AXIS

WIND TURBINE

(10 kW)
6-METER BLADES

STORAGE TANK
(6000 L)

Flooding ice with cold
sea water

10 MILLION PUMPS at 10 pumps
per square kilometer

Results: 1-meter thick ice

NEW ICE FORMING AT
PIPE QUTLETY

DISTRIBUTION PIPE

EXISTING ICE SHEET

6-Meter Pump
Bringing Water at 10
kg/second to Surface
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We Need To ASK...

The government of the United States to
implementa comprehensive, broad,
international program of
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HOW CAN YOU HELP?
Sign Our Petition To Ask

The government of the United States to
implement-a comprehensive, broad,
~= International program of
STRATEGIC RESEARCH & DEVELOPMENT,

,,-;:“'«- R

——
| —

Wi ‘the o’tr'e'ctlv‘erof'
RESTORING THE ARCTIC SEA ICE

ioial Arclic-lee Restorationinitiatives(NAIR)
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Securethefuture2100.org

A group of dedicated and passionate Scientists and Engineers with
ranging fields of expertise with the objective of providing elected
officials and their staffs with unbiased judgements on issues related to
Climate Change.

Stanley Farkas, Ph.D., Gary Latshaw, Ph.D., Philip Russell, Ph.D.,
Anthony Strawa, Ph.D., Steve Zornetzer, Ph.D.
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