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Abstract

The Indo-Pacific warm pool region is one of the precipitation centers in the tropics during the
extended boreal winter season (NDJFMA). The abundant winter rainfall amount over this region involves
multiple-scale phenomena such as the monsoons, ENSO, Madden-Julian Oscillation (MJO) and
convectively coupled equatorial waves (CCEWS). This study aims at understanding how the climate
variability on various temporal and spatial scales modulate the major precipitation events. The
subseasonal-to-seasonal (S2S) prediction models provided by ECMWEF, NCEP, and ECCC are also
analyzed to understand the models’ ability on predicting extreme rainfall events and their application.

The boreal winter subseasonal peak precipitation event defined as an event with maximum 15-day
accumulated rainfall amount during the period from November to February is the major precipitation
events focused in this study. The analysis results of the influence of MJO and CCEWSs on the subseasonal
peak events show noticeable modulation of MJO, Equatorial Rossby (ER) wave and Mixed Rossby-gravity
wave/TD-type disturbances (MT wave) on the occurrence time and rainfall intensity of the peak events.
However, because the complicated geographic and topography distribution of the Maritime Continent
straddling the equator, the MJO and CCEWs modulation is not detectable in the equatorial belt between
10°S~10°N. The temporal and intensity modulation of tropical waves and the interaction of monsoon and
weather systems are further diagnosed in two cases of extreme rainfall events during the South China Sea
Two Island Monsoon Experiment (SCSTIMX) winters, one occurred in December 2017 over the
Philippines and the South China Sea (SCS) and another in 2018/19 at Townsville, Australia. The former
is due to three successive typhoons associated with westward propagating ER and MT wave-train
emanated from Western North Pacific, while the latter was modulated by MJO and ER wave, which
contribute to the record-breaking rainfall events revealed in CPC MORPHing technique (CMORPH)
precipitation data.

In order to understand the current forecast status of the S2S models, we analyzed 20 years of the
hindcast data of the 40-day forecast generated by three S2S models. The results suggest that the
subseasonal peak precipitation events can be reasonably predicted at most one week ahead for these models.
The prediction skill can be related to the predictability of MJO and CCEWSs. This study reveals that MJO
and tropical waves play a crucial role for monitoring the tropical extreme rainfall and its prediction, which
can be provided as an observational evidence to verify and improve the prediction models.
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