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Abstract The possible causes for the seasonal phase locking of the tropical Indian Ocean dipole events are investiga-
ted based on observational analyses and numerical experiments. The data used in the context include the global ice
and sea surface temperature (GISST) data from Jan 1960 to Dec 1999 supported by Hadley center for climate predic-
tion and research, and the NCEP/NCAR sea surface atmosphere data during Jan 1949 — Dec 1999. To carry out the
numerical experiments, the revised oceanic general circulation model developed by the State Key Laboratory of Nu-
merical Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics, Chinese Academy
of Sciences (IAP/LASG L30T63 OGCM) is also explored.

The diagnosis results of sea surface temperature anomalies show that both the composite strength and the accu-
mulated amount of the positive and negative dipole events peak in the boreal fall, which is in phase to the seasonal
cycle. The numerical simulations are in good agreement with the analyses, indicating that the dipole events can be
motivated by the atmospheric anomalies. The contrast between the experiments forced only by wind stress anomalies

and those only by sea surface heat flux anomalies reveals that the wind stress anomalous forcing is much more impor-
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tant than the other to the occurrence of dipole event.

In order to examine the effects of atmospheric state in the context of climatology on the Indian Ocean dipole, 12

sensitive experiments, which represent 12 independent basic conditions for atmosphere from January to December,

are carried out with the same atmospheric anomalies. The model output results present that the basic state in Sep-

tember are most favorable for the mature of dipole. Such phenomena can be explained by the positive thermodynamic

air-sea feedback in the southeast Indian Ocean where the southeast wind is pronounced in the episode from May to

October. But during the period from November to April, there exists a negative feedback between the dominated

northwest wind and the ocean off Sumatra, which is not favorable to the development of dipole. On account of its

dependence on the basic state wind, the nature of air-sea interactions is dependent on the season. Since September is

the month that the southeast wind stress off Sumatra is most robust with the shallowest thermocline in the equatorial

Indian Ocean, the positive feedback is strongest, leading to a consequence that the dipole mode strength is most

powerful in September. On this ground, the basic state of atmosphere is one of the most important causes for the di-

pole seasonal phase locking.

Key words the tropical Indian Ocean dipole, seasonal phase locking, basic atmosphere state
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Fig. 1 The composite of the dipole mode index (DMI) by analysis of the global ice and sea surface temperature (GISST) data and model re-

sults; (a) Positive dipole; (b) negative dipole
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