Impacts of Future Sea Ice Loss on Mid-Latitude Weather

Melissa Gervais*!, Lantao Sun?, and Clara Deser3

PennState
College of Earth The Pennsylvania State University and Institute for Computational and Data Science?, Colorado State University?, National Science
and Mineral Sciences Foundation National Center for Atmospheric Research?

Introduction Model Set-up

Arctic-midlatitude linkages have been the subject of considerable research and Model

has been summarized in numerous review articles Whole Atmosphere Community Climate Model (WACCM)

* Fully-coupled, 66 vertical pressure levels and 1.9 x 2.5 degrees
Radiative forcing set to the year 2000

e 300-year simulations, first 100 years disregarded for spin-up time

Historical changes in atmospheric variability owing to sea ice loss are unclear

Future Arctic sea ice loss has been shown to impact atmospheric variability
causing:

_ . Experiments:
1. Decreased variance over North America 1) Control (CTL): Sea ice nudged to ensemble mean of WACCM
historical runs over 1980-1999 with seasonally varying conditions

2. Decreased intensity of cold air outbreaks 2) Experiment (EXP): Sea ice nudged to ensemble mean of projected
The methods used to study these impacts limits our ability to probe the RCP 8.5 values over the period of 2080-2099

mechanisms responsible (method described in Deser et al. 2015)
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Black contours: DJF mean of the CTL simulations, Colors: DJF difference (EXP — CTL)

Identifying Large-Scale Circulation Patterns Difference in Frequency and Residence time Mechanisms Governing O’;., Differences in LSP [1,2]

Isolate the change in variability: Compute daily 500hPa geopotential height . . . CTL-EXP Full Field Composites of ©g:, and SLP

anomalies (Z'c,,) by removing the daily climatology separately for each
simulations (CTL and EXP)
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1. Arctic Amplification 2> | VT =
less cold air advection
(Thermodynamic Effect)

Identify LSPs: Using self-organizing maps to classify dominant patterns of

atmospheric circulation. @

Analyze changes in variability:

*  Frequencies (f) of the best match units provide information about how often
each map occurs and residency is average the number of days in a row data is
assigned to a given best match unit. _ Anomaly Control Composites and Differences (EXP-CTL)
Composites (S) of days assigned to each map node are conducted to examine ' | ' | | CLDT’ PCP’
patterns associated with each node including additional meteorological fields.
AS is the difference in frequency between the EXP and CTL.
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2. Weaker high > | v, by ~30%!
- less cold air advection
(Dynamic Effect)
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Node [1,2] composites of Og, (color) and SLP (black contours every 4hPa)

Residency

3. T Clouds and precipitation > 1

diabatic heating 2 warming

SOM of 2’500 (Diabatic Effect)
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Node [1,2] Composite §°’CNT (contours) and AS’ (color). (left) total cloud cover anomalies (CLDT', contours every 5% from 5%,

dashed negative). (Right) precipitation anomalies (PCP’, contours every 1mm d~' from £1mm d~', dashed negative)

Conclusion

There is no stagnation of the flow with sea ice loss but some patterns become more common

Sea ice loss acts to de-amplify and/or shift the ridges and troughs that characterize these large-scale
meteorological patterns and the associated anomalies in potential temperature at 850hPa.

This framework we provide new mechanistic insights, demonstrating a role for thermodynamic, dynamic and
diabatic processes in sea ice impacts on atmospheric variability.

Understanding these processes from a synoptic perspective is critical as some patterns play an outsized role in
producing the mean response to Arctic sea ice loss.
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