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Impact of Arctic sea-ice decline on mid-latitude climate and troposphere-stratosphere coupling
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This study examines the possible linkage between the recent Arctic sea-ice decline and the winter climate in mid-latitudes,
especially, the Arctic Oscillation (AO). Observational analyses reveal that a reduced sea-ice area in late autumn leads to more
negative phase of the AO in winter. A high-top atmospheric general circulation model (AGCM for Earth Simulator, AFES
version 4.1) is used to simulate the atmospheric response to observed sea-ice anomalies. The results from the simulation reveal
that the recent Arctic sea-ice reduction results in cold winters in mid-latitude continental regions, which are linked to an
anomalous circulation pattern similar to the negative phase of AO with an increased frequency of large negative AO events by
a factor of over two. Associated with this negative AO phase, cold air advection from the Arctic to the mid-latitude increases.
We found that the stationary Rossby wave response to the sea-ice reduction in the Barents Sea region induces this anomalous
circulation. We also found a positive feedback mechanism resulting from the anomalous meridional circulation that cools the
mid-latitudes and warms the Arctic. This feedback adds an extra heating to the Arctic air column equivalent to about 60% of
the direct surface heat release from the sea-ice reduction.

The results from this high-top model experiment also suggest a crucial role of the stratosphere in affecting the tropospheric AO
in winter through stratosphere-troposphere coupling. Although other recent studies also suggest the stratospheric role, the exact
role remains elusive. With additional experiments in which the stratospheric wave-mean interaction is artificially weakened, it
is clearly shown that the tropospheric AO response caused by the Arctic sea-ice reduction largely disappears. The results
confirm a crucial role of the stratosphere in the sea-ice impacts on the mid-latitudes, particularly by interaction between the
stratospheric polar vortex and planetary-scale waves and by resultant change in the zonal wind in the lower stratosphere. They
also imply that realistic representation of both Arctic surface boundary conditions and stratospheric processes are critical for
improving predictions of weather and climate in the mid-latitudes across sub-seasonal to decadal time scales.
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