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1. Compared with CMIP3, the simulated climatological annual mean sea ice area has been improved. A large number of participating models
realistically captured the climatological annual mean sea ice area over the North Hemisphere during 1979-99.

Major Results:

2. Compared with CMIP3, the simulated climatological seasonal cycle of sea ice area has also been obviously improved for 1979-99. The
across-model spread has been considerably reduced in both winter and summer.
3. Cold biases still exist in the simulated Arctic regional mean melting season surface air temperatures, though they have been reduced,
compared with the CMIP3 models. The CMIP5 models continually either overestimate or underestimate observed sea ice area for 1979-2005.
4. The CMIP5 models as a whole overestimated transient sensitivity to the Arctic regionally averaged melting season surface air temperature
changes, largely due to underestimated changes in surface air temperatures and overestimated changes in sea ice areas.

Introduction
The representative characteristics of the simulated 20th century North Hemisphere sea ice by the
CMIP5 models have been evaluated against available observations and compared with those by the
CMIP3 models. In addition to the analysis of conventional parameters, such as climatological mean
and seasonal cycle of sea ice area (SIA), a transient sensitivity analysis of summer SIA to the
changes in Arctic regionally averaged melting season surface air temperatures (SAT) was conducted
to better understand physics behind model uncertainties (e.g., Gregory et al. 2004; Zhang 2010).

The CMIP5-simulated regionally (north of 65N) averaged SAT (color curves) still has cold
biases relative to the observations (black curves), though the cold biases has been
largely reduced. The biases of the simulated summer SIA are also decreased.

The climatological sea ice simulations by CMIP5 show an improvement compared with
CMIP3. The ensemble means of each CMIP5 model well capture the observed
climatological annual mean SIA within a reasonable range during 1979-99.
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The CMIP5 model ensemble means also more realistically reproduced the climatological
seasonal cycle of SIA during 1979-99 than CMIP3. The across-model spread has been
considerably reduced except the overestimated winter sea ice in two models.

CMIP3

Asymmetric features of the biases of the simulated SAT and SIA suggests different
sensitivities in different model. The CMIP3 models as a group underestimated the
sensitivity, but the CMIP5 models overestimated the sensitivity, compared with
observations. This would benefit from the obsered recent rapid declining sea ice.
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The CMIP5 model ensemble mean climatological sea ice cover (shaded area in grey) in winter (left panel) and summer (right panel) during 1979-2005. The solid red contours
represent the 15% sea ice concentration from observation. The color dashed contours are the 15% sea ice concentration from each ensemble.
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