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//What is'the source of Arctic seaice memory\?\\

Accelerating trend September sea-ice \extent: \
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No clear long-term forcing in the atmospheric record

(e.g. Deser and Tang, 2008)



/// GCM simulation of sea ice memory? \\
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‘Arctic summer sea-ice extent returns to the original, unperturbed extent typically
within two years’ however ....

removal of sea ice without ‘adjusting’ the state of the ocean and atmosphere to
reflect the ice-free climate regime is an ‘ill-posed’ experiment

e.g. oceanic heat content under a decreasing sea ice cover is expected to/Increase
significantly (Jackson et al., JGR-Oceans, 2010 & 2011)

Oceanic heat in reality is removed only from the ocean mixed layer (10-40m) but not
from the subsurface ocean




Water column structure — western Arctic
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(Jackson et al., JGR-O, 2010) Fall/winter cooling and sea ice formation

does not remove all the heat from the
upper ocean
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Modeling Challenges:
Inflow: of Pacific // Atlantic
Water into, the Arctic Ocean

». Pacific. \Water- entering, via
narrow; (~60mi) Bering Strait

*.inflow; through, Fram
Strait: (FSBW)

». Atlantic. (BSBW) and Pacific
\Water-each,losses maijority.
of heat to, the. atmosphere
before entering, Arctic. Basin

Arctic ocean-ice-atm
feedbacks. — need more
realistic. representation, in
climate models

High resolution is one of the top requirements for advanced modeling of Arctic climate

(Maslowski and Clement Kinney, 2011; Maslowski et al., 2008, Clement et al., 2005)




Modeled Oceanic heat flux iexiting the Chukchi Shelf

NAME (new) & CCSM3 b30.040b.ES01 Chukchi Shelf Line Heat Flux (reference=Tfreeze) (Northward fluxes only) ( Tref=Tfreeze)
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lce-albedo & ocean circulation

MODIS sea surface temperatures for 10 August 2007, 2335 UT. Vector-averaged winds for

the 24-hour period preceding the image acquisition were from the east-southeast at 4.1 m

s”'. Okkonen et al., 2009.
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- Surface warming due to ice-albedo effect up to 7°C (local warming / limited flow)

- ACC carries water up to 13°C and it extends below the surface (strong advection)

- At resolution of ~2 km models can capture details of ocean circulation, eddy
generation and heat distribution




%) anic advection/and eddy heat transport (Pacific Summer Wz%er\)\
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(Okkonen et al., JGR 2009) (courtesy of S. Okkonen)
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Modeled Upper Ocean Heat/ Content and Ice Thickness Anomalh
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Heat content anomalies
accumulated in the sub-
surface ocean since

mid-1990s can explain
over 60% of sea ice
thickness anomalies
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Small-scale sea-ice
deformations contribute to
surface heat flux and

ice production,

especially in winter
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// Conclusions \\

/

Oceanic heat convergence have contributed critical \
forcing to sea ice melt in the western Arctic since the
mid-1990s

Eddy-resolving regional climate models of the Arctic
Ocean are required to better understand the role of
ocean forcing of sea ice variability

Continuous observations of Arctic sea ice and ocean at
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model validation, improvements and syntheses

Air-sea interactions and feedbacks under diminishing
ice cover must be represented in global climate models
to improve their prediction of Arctic climate change
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RASM pan-Arctic model domain. WRF and VIC model domains include the entire colored region.
POP and CICE domains are bound by the inner blue rectangle. Shading indicates model topobathymetry.




