A decomposition of ENSO’s impacts on the northern
winter stratosphere: competing effect of SST forcing in the
tropical Indian Ocean
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This study applies WACCM, a stratosphere resolving model to dissect the stratospheric
responses in the northern winter extratropics to the imposed ENSO-related SST anomalies in
the tropics. It is found that the anomalously warmer and weaker stratospheric polar vortex
during warm ENSO is basically a balance of the opposite effects between the SST anomalies
in the tropical Pacific (TPO) and that over the tropical Indian Ocean basin (TIO). Specifically,
the ENSO-related SST anomalies over the TIO are to induce an anomalously colder and
stronger stratospheric polar vortex during warm ENSO, which acts to partially cancel out the
much stronger warmer and weaker polar vortex response to the SST anomalies over the TPO.
Further analysis indicates that, while the SST forcing from the TPO contributes to the
anomalously positive Pacific North America (PNA) pattern in the troposphere and the
enhancement of the stationary wavenumber (WN)-1 in the stratosphere during warm ENSO,
the TIO SST forcing is to induce an anomalously negative PNA and a reduction of both
WN-1 and WN-2 in the stratosphere. Diagnosis of E-P flux confirms that, the anomalously
upward propagation of stationary waves in the extratropics mainly lies over the western coast
of North America during warm ENSO, which is mainly associated with the TPO-induced
positive PNA response and is partially suppressed by the effect of the accompanying TIO
SST forcing.
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