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Sea ice, high-latitude convection, and equable climates
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[1] It is argued that deep atmospheric convection might
occur during winter in ice-free high-latitude oceans, and that
the surface radiative warming effects of the clouds and
water vapor associated with this winter convection could
keep high-latitude oceans ice-free through polar night. In
such an ice-free high-latitude ocean the annual-mean SST
would be much higher and the seasonal cycle would be
dramatically reduced - making potential implications for
equable climates manifest. The constraints that atmospheric
heat transport, ocean heat transport, and CO, concentration
place on this mechanism are established. These ideas are
investigated using the NCAR column model, which has
state-of-the-art atmospheric physics parameterizations, high
vertical resolution, a full seasonal cycle, a thermodynamic
sea ice model, and a mixed layer ocean. Citation: Abbot,
D. S., and E. Tziperman (2008), Sea ice, high-latitude convection,
and equable climates, Geophys. Res. Lett., 35,1.03702, doi:10.1029/
2007GL032286.

1. Introduction

[2] Paleoclimatic data suggest that during the late Creta-
ceous period (~100 to ~65.5 Ma) and the early Paleogene
period (~65.5 Ma to ~34 Ma) the global-mean temperature
was higher than its modern value and the equator to pole
temperature difference and the amplitude of the high-lati-
tude seasonal cycle were both much smaller than they are
today, particularly in continental interiors, which has led to
the characterization of climates during these periods as
“equable” [e.g., Greenwood and Wing, 1995]. Researchers
have as yet been unable to reproduce equable climates in
coupled ocean-atmosphere global climate models (GCMs)
by simply changing boundary conditions and increasing
greenhouse gas levels [Huber and Sloan, 2001; Bush and
Philander, 1997]. Relative to existing data, either the polar
regions are too cold or the tropical regions are too warm in
these simulations.

[3] It is possible that the resolution of unknown biases in
paleoclimatic data will bring them into agreement with
GCM results. Proceeding under the assumption that the
data faithfully represent paleoclimate, many ideas have been
proposed to explain the discrepancy between models and
data, including the extension of the Hadley circulation to
high latitudes [Farrell, 1990], mixing of the ocean caused
by tropical cyclones [Emanuel, 2002; Korty et al., 2007],
and polar stratospheric clouds [Sloan et al., 1992; Kirk-
Davidoff et al., 2002]. Alternatively, Abbot and Tziperman
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[2007] used a simple zonally-averaged model forced by
equinoctial shortwave (SW) radiation to argue that the
advent of convection and convective clouds, which are
mostly tropospheric rather than stratospheric, at high lat-
itudes could represent a positive feedback on high-latitude
surface temperature. More complex atmospheric models
lend some support to the idea of increased high-latitude
convection during equable climates when they are forced
with a high mean surface temperature and a low meridional
surface temperature gradient [Huber and Sloan, 1999; Korty
and Emanuel, 2007].

[4] Observations of winter cloud radiative forcing (CRF)
in the modern climate suggest that sea ice may play an
important role in the high-latitude convective cloud feed-
back mechanism that Abbot and Tziperman [2007] pro-
posed. CRF is strongly positive over subpolar oceans
without sea ice and near zero over subpolar and polar
oceans with sea ice (Figure S1 of the auxiliary material').
The clouds causing this positive CRF may be associated
with large-scale dynamics, convection, or other processes,
although the sharp jumps in CRF at sea ice/open ocean
boundaries may represent evidence that the positive CRF is
mainly due to a local process, such as convection.

[s] We will use the single-column version of the NCAR
CAM GCM (J. J. Hack et al., SCAM user’s guide, 2004,
available at http://www.ccsm.ucar.edu/models/atm-cam/
docs/scam/) which has state-of-the-art atmospheric physics
parameterizations, high vertical resolution, a full seasonal
cycle, a thermodynamic sea ice model, and a mixed layer
ocean, to argue that winter convection may indeed be the
driver of positive winter CRF over ice-free high-latitude
oceans and that sea ice prevents such convection so that the
removal of winter sea ice could be an essential prerequisite
for the high-latitude convective cloud feedback. We will
further show that the surface warming effects caused by
winter convection, specifically the increase in the LW
optical depth of the atmosphere due to thick convective
clouds and increased water vapor concentration, can be
essential for the maintenance of an ice-free state on which
the winter convection itself depends. The removal of sea ice
from high-latitude oceans would lead to greatly increased
annual-mean temperatures, a drastically reduced seasonal
cycle, and generally equable conditions.

[6] In order to provide a concrete and limiting example,
we focus our study on the Arctic ocean. We model the ocean
with a mixed layer with a constant depth of 50 m and force
SCAM with present-day seasonally and diurnally varying
79.5°N SW radiation. It is unusual to make inferences about
high-latitude climate using a single-column model, however
we take into account departures from radiative-convective
equilibrium by specifying convergences of ocean heat
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