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Can We Isolate the Impact of Sea Ice Loss on Circulation?
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Can We Isolate the Impact of Sea Ice Loss on Circulation?
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In very well sampled coupled climate simulations:

* The greenhouse warming response is remarkably separable
from the sea ice loss response.

* Multivariate pattern scaling helps divide the response
between sea ice loss and low latitude warming.

 The response to sea ice loss is more robust than the low
latitude warming response.



Paired Sea Ice and CO2 Perturbation Experiments
DJF Response, CanESM2
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Additivity of Sea Ice Loss and CO?2
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Sea Ice Loss and Projected

Climate Change
ANN Response, CESM1
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Paired Sea Ice and CO2
Perturbation Experiments

DJF Response, CanESM2
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Pattern Scaling on Temperature

ANN Surface Temperature Response Per Global mean temperature, CMIP5
las RCP26 2090 tas RCP4.5 2090 tas
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Can we Pattern Scale on Sea Ice?
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Pattern Scaling on Multiple Variables

Assume field Z depends parameterically on internal

integrated variables X; (e.g. surface temperature, sea
ice extent, ...).

Want to know sensitivities of Z to separate change in
each X;:

X:
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Pattern Scaling on low-latitude temperature T; and seaice |
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Pattern Scaling on low-latitude temperature T; and seaice |
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From coupled model
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Coupled Model
Experiments
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T, response

200 | 200}

400-’/, . { 400}
CESM1 A[Upyg] ] |

800| | 800|

100055565620 30" 60"70 80 90-°°° 1626 30 40 50 60 70 8690

~3.00-2.25-1.50-0.750.00 0.75 1.50 2.25 3.00
T, response I response
N R A Son N




T; response I response

CESM1 CanESM2

- e

CanESM2

r
R ™SO
.‘ o'.'..'

1-0.30}-x 10.48 |

-~
.

* Strengthened Aleutian Low and Eurasian high seen in several
papers:Sun et al. 2015, Deser et al. 2016, Blackport and Kushner
2017, Oudaret al. 2017

* Robustseaice loss responseseen in several other fields: surface
temperature, u850, precipitation

 Responseto low latitude warmingis less robustexceptin summer.
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* Key point #1: AOGCM simulations of sea ice
loss are worth carrying out despite the
computational cost, and we can use pattern
scaling for further insight.

* Key point #2: Sea ice loss and radiative forcing
responses are remarkably separable, enabling
attribution.

* Key point #3: The response to seaice loss is
more robust across models than the response
to low latitude warming, especially in the
North Pacific.

* Topics of current interest: a few slides.
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Diagnosing Feedbacks in CanESM2

“Agreement” A = (|I| + |C|)sign(I)sign(C)
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|[ATp¢] from SST warming

caused by sea ice loss
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Are CESM1 and CanESM2 consistent?
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Zonal mean DJF T Response to Sea Ice Loss

Coupled ocean atmosphere GCM
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* Why is the Arctic free tropospheric response to
sea ice loss amplified in the coupled model?



Response to Midlatitude Surface Heating
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* Topics of current interest:
— Consistent strengthening of the Aleutian Low

— The “tug of war” on the circulation response over
the North Atlantic

— The non-additivity in the shoulder seasons.

— A positive feedback from the North Pacific SST to
the Arctic mid troposphere.



Extra slides
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Entropy Perspective

Annual Mean Potential Temperature Annual Mean Moist Potential Temperature
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* Moist isentropiccirculations in extratropical
dynamics (Juckes 2000, Frierson 2008, Wu and
Pauluis 2014, Laliberté and Kushner 2014)

* |sentropes link the Arctic troposphere to the
midlatitude surface.



Zonal mean DJF U Response to Sea Ice Loss

Coupled ocean atmosphere GCM AGCM
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 Circulation is also impacted by coupling.



Ocean warming from sea-ice loss
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Zonal mean DJF T Response to Sea Ice Loss

Coupled ocean atmosphere GCM
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Midlatitude Responses in GCMs (Frierson 2008)
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* Bulk stability up to tropopause versus 8, gradient
of baroclinic zone in aquaplanet comprehensive
GCMis.



Questions

* Can we improve on the prescribed SST framework
to study this feedback process?

* Moist isentropic mechanisms are better
established in summer/shoulder seasons. In
winter, can it be disentangled from other
mechanisms, such as tropical moisture driving
surface polar amplification (Sukyoung Lee et al.)?

* What are the broader implications of this
enhanced Arctic tropospheric warming?
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How might Arctic free tropospheric warming impact
surface Arctic amplification?

a Annual warming (TOA perspective)
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* Coupled response to sea ice loss influences Arctic
lapse rate and related radiative feedbacks.



A[T], DJF
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AZ500, DJF
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Change in subseasonal T,,,variability, DJF
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Distributions of T2m at Selected Points, CCSM4
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Change in 2-6 Day Band Pass SLP, DJF
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Change in 2-6 Day Band Pass SLP and Z500, DJF
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DJF Sea Surface Salinity Response
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DJF Ocean Surface Temperature Response
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Can we Isolate the Impact of Sea Ice Loss on Circulation?
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