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Abstract Using results of numerical simulation of sea-sea ice-air interaction in high northern latitudes from an
ocean-sea ice-atmosphere coupled model, a case of 4-year strong variations of sea ice in Greenland Sea where the big-
gest variability occurs in winter is studied. The case is subtracted from the last 30-year result of a 50-year integra-
tion experiments with LASG/NCC (State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Ge-
ophysical Fluid Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences/China National Climate
Centre) global coupled model. Within the 4-year variation, there are two positive anomalies and two negative anom-
alies of sea ice in winter whereas sea ice extents are almost the same in October each year. The aim of the study is to
try to find the reason of strong interannual variation of sea ice in this special case and to understand the features of
sea — sea ice — air interaction in the duration. The methods of analysis employed here are simple comparison of avera-
ges of important fields for different time spans and difference attributions. It is shown that, in this special case, at-
mospheric circulation plays a dominant role. The detailed reason for sea ice anomalies can be illustrated below. In

winter, when the intensity of the Icelandic low weakens/strengthens, the strength of northward advection of rela-
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tively warm and humid air decreases/increases, air in Greenland Sea becomes colder and dryer/warmer and wetter,
losses of sensible heat flux and latent heat flux from sea surface grow/reduce. As a result, sea ice there has a
positive/negative anomaly. In summer, when the strength of prevailing southward currents over Greenland Sea
weakens/strengthens, low level atmosphere there becomes warmer and wetter/colder and dryer, losses of sensible
heat flux and latent heat flux from sea surface reduce/grow. the sea surface temperature increases/decreases, the
melting speed of sea ice become faster/slower. It is also shown that it is the variation of atmospheric circulation that
makes a major contribution to the decrease/increase of sea surface temperature and the increase/decrease of sea ice.
This kind of causality is very obvious and it is hard to discern any closed feedback cycle of ocean-sea ice-atmosphere
interactions and it is also hard to attribute the significant changes of atmospheric circulation to the factors of ocean
and sea ice in high northern latitudes. Of course, it is possible that there exists a nonlocal (i. e., involving area
broader than the region north of 45°N) feedback cycle associated with the case studied locally and it is also possible
that there are factors from ocean and sea ice outside the high northern latitudes, which give rise to the anomalies of
atmospheric circulation mentioned above. It should be pointed out that the sea ice model used here does not include
dynamic processes. Hence the interaction of sea-sea ice and ice-air deployed in the model are nearly pure thermody-

namic in high northern latitudes. If the effects of divergence and convergence of sea ice on sea-sea ice-air interaction
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due to dynamic processes are considered, new features might then be disclosed.
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Fig. 1 Variation of total sea ice coverage for the Greenland Sea

from Oct the 20th year to Mar the 24th year (units: 10°km?)
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Fig. 2 Difference of simulated sea ice concentration between
duration average of Oct the 21st year — Mar the 22nd year and
that of Oct the 20th year - Mar the 21st year (units: 100%)
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Fig. 3 Difference of simulated sum of sea surface sensible heat flux
and sea surface latent heat flux between duration average of Oct the
20th year — Mar the 21st year and that of Oct the 21st year — March
the 22nd year (units: W+ m~2). The heat flux is positive when it is

downward and this also holds true in other figures
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Fig. 5 Difference of simulated sea level pressure between dura-

tion average of Oct the 20th year — Mar the 21st year and that of
Oct the 21st year — Mar the 22nd year (units: hPa)
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Fig. 7 Difference of simulated net sea surface heat flux between du-

ration average of Apr the 22nd year — Mar the 23rd year and that of
Apr the 23rd year — Mar the 24th year (units; W+ m 2)
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Fig. 9 Difference of simulated net sea surface heat flux between
duration average of Oct the 22nd year — Mar the 23rd year and
that of Oct the 23rd year — Mar the 24th year (units: W+ m?)
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