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SST Sensitivity of Madden-Julian Oscillation in MIROC6

Ching-Shu Hung, Hiroaki Miura
Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo, Japan

Ocean coupling is known to improve the Madden-Julian Oscillation (MJO) simulation in climate models
(e.g., DeMott et al. 2015). Through comparing fully coupled models and atmosphere-only models forced
with observed monthly SSTs, many studies have reported the importance of sub-monthly ocean-atmosphere
feedbacks to the mean state moisture pattern and MJO eastward propagation (e.g., DeMott et al. 2019). To
further understand what aspects of SST anomalies (e.g., phasing, pattern, or persistence) in coupled models
are most important for tropical mean state moisture patterns and MJO propagation, the MJO SST
sensitivity Model Intercomparison Project (MSMIP) is initiated. The MSMIP is designed to understand
the effects of sub-monthly SST variability to MJO simulation and their robustness across climate models.
This study contributes to the MSMIP using the sixth version of the Model for Interdisciplinary Research
on Climate (MIROC6) developed by the Japanese modeling community. Experimental design and
preliminary results are summarized as bellows.

The MSMIP consists of five model experiments: one fully coupled (CGCM) and four atmosphere-only
model configurations with different prescribed SSTs (AGCM_x). The settings for CGCM correspond to the
CMIPG historical run. This CGCM simulation provides the input SSTs prescribed in AGCM_x experiments.
AGCM_mon uses monthly mean SSTs, which removes all sub-monthly SST variability. AGCM_1drandpt uses
pointwise randomly shuffled daily SST anomalies (SSTA) to break both the pattern and persistence in sub-
monthly SST variability. AGCM_ 1drandpatt uses randomly shuffled daily SSTA patterns to retain the effects
of pattern. AGCM_5drandpatt uses randomly shuffled 5-day running SSTA chunks to retain both pattern and
persistence. The five experiments were run from 1951 to 1954. Figure 1 shows the longitude-time evolution
of 20-100 day rainfall anomalies in GPCP observation and the five MIROC6 experiments. Clear eastward
propagation of MJO signals can be found in the CGCM, AGCM_5drandpatt, and AGCM_mon run, while the
propagating signals are less clear in the AGCM_1drandpatt and AGCM_1drandpt run. This result suggests that
the pattern and persistence in sub-monthly SST variability might help eastward propagation of MJO.
However, the AGCM_mon run forced with monthly mean SST also simulated a clear eastward propagation
during the four-year period. Further investigation and longer simulation are needed to obtain statistically
robust conclusions. The five experiments are planned to run from 1985 to 2014 in the following fiscal year.
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Figure 1. Boreal winter tropical (10°S—-10°N) 20-100-day rainfall anomalies (mm day™!) correlated with 20—
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100-day tropical Indian Ocean (10°S—-10°N, 75°E-100°E) rainfall as a function of time lag and longitude.
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