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OIL AND GAS BASINS IN THE ARCTIC

The major discovered and accessible oil and gas basins in the Arctic are mapped below.
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Last Glacial Maximum Surface Air Temperature
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The Arctic Amplification (AA) Concept: Arrhenius (1896)

~+ ~Arrhenius (1896) provided one
.of the earliest descriptions of
- Arctic Amplification. '
-+ Origins of AA came within the
. context of explalnlng _ ,
glacial/inter- gIaC|aI perlods of _
‘the Quaternary. _
~« 'Key Mechanism: Surface
AP RIL 186 albedo changes due to the
o ~ north-south™p ogressmn of the "
.‘{:\'Kl_. On the Lnfluence of Carbouie Acid in the Air wpon 2, :
the Temperature of the Ground. By Prof. Svaxte snow ice line. |
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KEY ADVANCES IN OUR SCIENTIFIC

UNDERSTANDING OF ARCTIC AMPLIFICATION

1960’s: EBM studies quantify magnitude of
surface albedo feedback (Budyko 1966;
Rakipova 1966)

Surface
albedo
proposed as
driver of AA
(Arrhenius

Inclusion of
vertical heat
transportin
EBMs
(Wetherald
and Manabe

Inclusion of
horizontal heat
transport in EBMs
(Sellers 1969)

First use of a GCM
with mixed layer ocean
to study AA (Manabe
and Stouffer 1980)

First use of
aGCMto
study AA

(Manabe and

Wetherald

1896)

\ 1967) J

1975)

L

Exploration of the

role of ocean
heat transportin
AA (Washington
and Meehl 1984;

1986; 1989)

J

Emergence of
multi-model
intercomparisons
(Cess 1989; 1990)

\.

Emergence of

etal. 2009)

surface-based AA in
observation (Serreze

2000s: AAemerged as a
unique research topic, use of
multi-decadal observations
used, AA can occur without
the surface albedo feedback

(Alexeev 2003)
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(C1) Positive local feedbacks (sea ice, clouds, and
water vapor) amplify initial forcing more strongly.
in the Arctic than elsewhere.

(C5) Activation of positive
local feedbacks by increased
poleward latent heat transport
drive additional warming.

(C4) Increased poleward latent heat transport
amplifies Arctic warming through the “water
vapor triple effect” latent heat release, greenhouse
effect of added moisture, and cloud formation.

(C2) Strong stable atmospheric stratification restricts
convective exchange with the free troposphere and
focuses warming near the surface.
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(C3) Seasonal energy transfer from summer to
fall/winter by ocean heat storage in combination

with sea ice loss exposing the larger thermal inertia

of the ocean promotes fall/winter warming maximum.
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What changes have we observed?




Pressure Level (hPa)
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Zonal Mcan Temp Anomaly (K)

(GISTEMP 2020; Taylor et al. 2022)
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Observations oF Greenland Land Ice Mass Changes

Average Mass Loss:
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Temperature and sea ice concentration

TEMPERATURE projections from CESM LENS

2001

75
]
¢
>
50
2 -
i 25
Jo = B
{
GRAPHIC: Zachary Labe (@ZLabe) § o
DATA: CESM2 (CAM6) Large Ensemble Community Project (Rodgers et al. 2021, ESD) DATA: CESM Large Fnsemble Proje 1(Kny stal 2015, BAMS) 2 "
ANIMATION: October-Novem 2-m Air Temperature Anomalies (SSP3-7.0; Baseline: 1951-1980) e gy Po1oC fe/ommnity-projects/LENS/ ¥
INFORMATION: https://www.cesm.ucar.edu/projects/community-projects/LENS2/
s

(Z Labe Climate Viz; https //zacklabe com/t:1|mate_medel prOJectlons&

SEA ICE CONCENTRATION (%)



Other changes of
importance...
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Uncertainty in AA projections: The feedbacks
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Ideas and Current Work.

L|nklng processes and radlatlve ik 1
- feedback |




Sea ice albedo Is a key component of the /
iIn modeling spread in surface albedo -
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Sea ice parcel survivability

5 LI, N
Survivability= —~
Ntotal
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Sea Ice Characteristics:

Ice Type (Buoys/SSM/I): First Year
Concentration (NSIDC/CDR): 90%
Snow Depth (SnowModelLG): 0.06 m
Sea Ice Thickness (PIOMAS): 2.10 m
Surface Albedo (CERES): 0.50

Ice Surface Temperature

Lifecycle:
Formation: 22 Nov. 2007
. | Duration: 211 days
End: 20 June 2008
Origin & End Region: Chukchi Sea
Survived: No

Flags:

Cyclone (Melbourne U. Tracker): n/a
Cyclone properties (ERAS): n/a

Arctic May - June Albedo

Atmospheric State:
Air Press. (ERAS/MERRA2): 1018 hPa
Cloud Cover (CERES): 15%
Precipitable Water (ERAS/MERRA2):
19 kg m?
Liq. Water Path (CERES): 112 g m?
Ice Water Path (CERES): 96 g m?
Air T.(ERAS/MERRA2): 0.95°C
Wind Speed & Direction
(ERA5/MERRA2): 8.4 m-s' & 39
Spec. Humidity (ERAS/MERRA2): ~0%
Snowfall (ERAS/MERRAZ2): n/a
Total Precipitation (ERAS/MERRAZ): n/a

Surface Energy Budget:

Upwelling SW (CERES): 134 W m*2
Downwelling SW (CERES): 267 W m2
Upwelling LW (CERES):312 W m?
Downwelling LW (CERES): 284 W m?
Sensible Heat (AIRS): -30 W m*?
Latent Heat (AIRS): ~0 W m?2
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Survivability
_mfluencmg factors:
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Influence of ARS on sea ice evolution

(a) SIC tendency (b) thermodynamic (c) dynamic

« Winds push ice floes
from the marginal seas
to the central Arctic .
leading to dynamical
~ thickening. &

Thermodynamic
factors: reduced
congelation growth
(54%—-56%), enhanced
basal melting (17%—
26%), and inhibited- . -
“snow-ice-formation
(11%-21%) playt s
roles in the sea ice loss
in the marginal seas
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In closing...We live.

ne ted planet!






