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Vulnerability of Arctic to climate warming
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Sea Ice iImpacts on vegetation
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==== Dwarf birch
~ Gray willow
s Seaice

Mid point of plant growing season
(Day of year)
De-trended peak shrub abundance

De-trended July minimum sea ice extent

106 108 11 112 114 116 11.8 12 12.2
June sea ice extent (10°%km?)

Post et al., 2013. Ecological consequences of Sea-Ice decline. Science

Feedbacks: lower sea ice -> greater open ocean (darker)-> more solar
heat absorption (albedo) -> warmer air temperatures -> encroachment of
less cold tolerant plants into the Arctic




Sea Ice consequences on
vegetation

1
[
)

I
{
!
+
!
:
¢
’
i
i

Spring 50% sea ice (Mag. of change, percent) Summer open water (Magnitude of change, percent)
-80 -70 -60 -50 -40 -25 -10 -1 1 10 25 40 50 60 70 80 -40 -35 -30 25 20 -15-10 -5 5 10 15 20 25 30 35 40

I [T [ [ [ [ [ . BN ([ [ [ [P

Summer warmth index (Percent change, percent) Max NDVI (Percent change, percent)
-200-100-75 50 25 -10 5 -1 1 5 10 25 50 75 100 200 25 -20 15 -10 8 -6 -2 2 4 6 8 10 15 20 25







ermafrost extent an

Permafrost

[ tsolated
I:I Sporadic
- Discontinuous
- Continuous

A

“o :-' d
i

ICELAND

Atlantic
‘Ocean

rectic

NORTH
OLE

POLI
cean
SVALBARD
(NORWAY)

NORWAY =
a4
-

North
Sea

Barenis
Sea

FINLAND

SWEDEN

Source:international Permafiost Association, 1998,

olar Active-L

ayer Permafiost S

stem (CAPS). version 1.0.

d vulnerabillity

Latitude (°N)

Benthic stack
8180 (%o)

Lake Baikal

=
i
@
L
=
L
=
&
-]
£
7]
g
=
®
®
]
e
=2
=

K]
4
o
£
H
0
=
G
©
a

EPICA Dome C
€O, (ppm) CH, (ppb)

Summer Insolation EPICA Dome C
55°N (w/m?)

3

houd
a

o
o

FS
@

Speleothems' Ages (kyr)
100 200 300 400

el R il

H G| oot |

Glacial MIS
(cold)

Age (kyr)

Vaks et al., Feb. 2013 Science



The fate of warming on Permafrost
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Impacts of permafrost degradation
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Extensive Methane Venting to the Atmosphere from Sediments of the
East Siberian Arctic Shelf

Natalia Shakhovaldt, Igor Semiletovl2s, Anatoly SalyukZ, Viadimir YusupovZ, Denis KosmachZ,
Orjan Gustafsson3

How Much Should You Worry About an
Arctic Methane Bomb?

Recent warnings that this greenhouse gas could cost us 860 trillion have received widespread
publicity. But many scientists are skeptical.
—By Chris Mooney | Thu Aug. 8, 2013 3:00 AM GMT

Arctic Methane Release Due To
Climate Change Could Cost Global
Economy $60 Trillion, Study Reports

Reuters | Posted 0% am EDT | Updated 6:46 pm EDT
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Climate change could be accelerated by 'methane time
bomb'

Climate change could be accelerated dramatically by rising levels of methane in the
Earth's atmosphere, scientists will warn today.




Global methane sources and distribution

Identified methane sources Estimates®
Total wetlands
Rice agriculture
Ruminant animals
Termites

Biomass burning

Energy generation

Landfills %
Ocean 10
Hydrates (marine and terrestrial) 5
Total identified sources 530

Identified methane sinks Estimates
Tropospheric oxidation

Stratospheric loss

Soils.

Total identified sinks

Total sources-sinks

Range of estimates?
92-237
40-100
80-15
20-20
23-55
75-110
35-73
10-15
5-10
500-600

Range of estimates
450-510

40-46

10-44

460-580

-80 to +140



Northern high latitude emissions today




Monthly Methane Concentrations
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Atmospheric Methane Concentrations from the Vostok,
Antarctica Ice Core
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Boreal Peatland Development
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Kenai mean
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Thermokarst lakes
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Water molecules

Methane hydrates: potential

Methane bomb?

1. Thick Onshore 2. Shallow 3. Upper Edge of 4. Deepwater 5. Seafloor
Permafrost Arctic Shelf Stability mound/seep
thermokarst ATMOSPHERE:

photolytic CHy
oxldation in =10 years

gas hydrate stabllity zone * OCEAN: aerobic (microbial)
ey \ CH oxidation

‘\%

% gas

METHAME POPULATIONS
# young microbial gas
old microbial gas
thermogenic gas
o released from gas hydrates (microbial or thermagenic)

Ruppel, Mature Knowledge, Hydrates/Climate, April 2011




Isotopes of Methane Sources
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Paleo perspecitve on Methane
sources

SD(CH,) (%)

Tropical wetlands Boreal wetlands
Waste | (’
Q

Ruminants

Rice

Living plants

-

Biomass L
burning e

Gas hydrates

513CH, (%)

SDICH,) (%)

CHy(p.pbow)




Conclusions - =t

» Accelerated warming in the Arctic is impacting its ability to store
carbon

s
 Feedbacks: decreasing sea ice, shorter snow cover season-> &
darker ocean, more heat absorption-> warmer permafrost :

temperatures->greater release of soil C from thawing permafrost ->
dramatic ecosystem change leading to darker plant cover (higher
albedo)-> more heat absorption-> less sea ice cover, shorter snow [
cover->ETC. i

 Release of carbon, however, not necessarily from catastrophic gas
hydrate destabilization, but more likely from terrestrial permafrost
thaw, amplifying the radiative forcing on the planet.
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