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Abstract It has been well known that the tripole-pattern interannual SST anomalies in the North Atlantic are princi-
pally forced by the dominant modes of atmosphere variability, the North Atlantic Oscillation (NAO). But to what
extent the North Atlantic SST anomalies can affect the atmosphere remains to be an open problem. To estimate the
potential feedback of the oceanic surface conditions onto the atmosphere in a GCM is the main motivation of this
work.

In this paper, the atmospheric GCM CAM2. 0. 1 is forced by the tripole-SST anomalies, which are associated
with NAQO. The authors characterize the typical patterns of SST associated with the NAO by constructing SST a-
nomaly composites for positive-minus-negative NAQO years. Then, in the following two experiments, the SST anom-
alies are added and subtracted to the surface climatology respectively. To detect the influence of the SST anomaly in
the presence of atmospheric internal variability, the authors perform an ensemble of 8 integrations for each experi-

ment. The integrations differ under different initial conditions. Each integration runs for 7 months, from early au-
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tumn to the end of next spring.

The model”’s responses to the SST anomalies in winter (DJF) are compared with the ERA40 reanalysis data.
The experiment results show that equivalent barotropic anomalies with meridionally distributed three-cores dominate
the North Atlantic area. In comparison with the reanalysis data, it is found that these SST-induced atmospheric a-
nomalies are consistent with the typical pattern of NAO, especially in the low and middle latitudes. Over the North
Atlantic, the vertical structures of temperature, height and zonal wind in the model results are very similar to the
corresponding fields in the reanalysis data. There are two main differences between the model responses and the re-
analysis results. The first one is, in the model simulation, the anomaly centers tend to be located over the ocean area
and the responses over the land area are too weak. The second one is the missing of the high latitude anomaly cen-
ter, which indicates the weak feedback from the ocean in this area. The GCM responses to the SST tripole show a-
symmetry about the sign of the SST anomalies. Through diagnosing the model outputs, it is found that the GCM
CAM2. 0. 1 can reproduce a NAO-like atmospheric response by the feedback from ocean. So this model can be used

in the further research concerning the climate influences of NAO.
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Fig. 1  North Atlantic tripole SST anomalies (°C) associated
with the North Atlantic Oscillation (NAQO) in Jan. The anoma-
lies are defined as the differences between 6 strong positive NAO

years and 6 strong negative years from 1950 to 2002
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Table 1 The strong positive and negative NAQO years based on

Hurrell’s winter NAO index

DY CRid 0 CE
1963 —4.0 1961 2.0
1966 —3.1 1973 2.4
1969 —4.3 1984 2.9
1977 —2.7 1989 3.4
1979 —3.4 1995 2.8
1996 —2.1 1999 2.7
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runs; (b) the winter (DJF) 500 hPa temperature differences (“C) between the composite of 6 strong positive NAQ years and the composite

(a) The winter (DJF) 500 hPa temperature differences (°C) between positive tripole-SST forced runs and negative tripole forced

of 6 strong negative NAO years in the ERA40 data. Shaded areas are statistically significant at the 5% level
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tripole-SST forced runs; (b) between composites based on ERA40 data. Shaded areas are statistically significant at the 5% level
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Fig. 5 Differences of winter (DJF) 200-hPa stream function (10° m?/s): (a) Between two tripole-SST forced runs; (b) between the com-

posites based on ERA40 data. Shaded areas are statistically significant at the 5% level
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Fig. 8 Difference of winter 850-hPa air temperature (‘C) between two tripole-SST forced runs (contour) and the corresponding signal —

noise ratio (shading)
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Fig. 9 Differences of winter 500-hPa height: (a) Between positive SST tripole forced runs and control run; (b) between negative SST tri-

pole forced runs and control run. Shaded areas are statistically significant at the 5% level
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