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Abstract

The Madden–Julian oscillation (MJO, [?]) is the dominant component of intra-seasonal variability in the
tropics [?]. It is a planetary-scale wave envelope of smaller-scale convective processes, slowly propagating
eastward along the equator, with a period of 40 to 50 days on average, and a propagation speed of about
5m/s. As it propagates, the MJO causes disturbances in rainfall and winds which impact weather and
climate in both the tropics and the extratropics. In particular, the MJO plays a significant role in the
occurrence of various weather extremes such as tropical cyclones, tornadoes, extreme rainfall events and
extreme surface temperatures.

We analyze solutions of the stochastic skeleton model, a minimal nonlinear oscillator model for the MJO
[?, ?]. This model has been recognized for its ability to reproduce several large-scale features of the MJO. In
previous studies, the model’s forcing functions were predominantly chosen to be mathematically simple and
time-independent. Here, we present solutions with time-dependent observation-based forcing functions.
Our results show that the model, with these more realistic forcing functions, successfully replicates key
characteristics of MJO events, such as their lifetime, extent, and amplitude, whose statistics agree well with
observations. However, we find that the seasonality of MJO events and the spatial variations in the MJO
properties are not well reproduced. Additionally, we study the model’s capacity to reflect changes in MJO
characteristics under the different phases of ENSO. We find that the model does not capture differences in
the empirical characteristics of MJO events in response to changes in climatological background conditions
corresponding to El Niño, La Niña, and Neutral ENSO.
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