Workshop Title: MJO Predictability: Its Sources and Limits
Overview

The Madden-Julian Oscillation (MJO, Madden and Julian, 1971, 1972) is one of the most
dominant phenomena in the tropical atmosphere on the subseasonal-to-seasonal (S2S) timescale
(two weeks to three months). It features slow eastward propagation of clusters of deep
convection and their closely associated large-scale circulation from the Indian to the Pacific
Oceans (Zhang 2005). The MJO affects many high-impact environmental events, including
floods, wildfires, heatwaves, tropical cyclones, and tornados (Zhang 2013). Prediction skills of
these and other events depend on how numerical models reproduce the MJO (Andrade et al.
2021; Huang et al. 2021; Li and Robertson, 2015), making it a major source of predictability for
S2S prediction. Improving the prediction of the MJO has been a main effort for advancing S2S
prediction (Vitart 2017). Understanding MJO predictability is thus crucial for improving S2S
predictions.

A wide range of the predictability limits of the MJO (20 to 50 days) has been estimated by
studies using numerical models (Waliser et al; 2003; Kim et al 2014; Neena et al., 2014),
theoretical models (Chen and Majda, 2015), and observations (Lu et al. 2020). The discrepancies
in the estimated limit stem from different methodologies and metrics used. Consolidating and
refining these results are needed for reliable estimates of the MJO predictability limits

While the MJO is commonly considered a major source of predictability for S2S prediction, the
origin or source of predictability for the MJO itself has remained unclear. Studying the
predictability source and limit of the MJO in tandem has not been explored. This presents a new
avenue of research that potentially can lead to breakthroughs in S2S prediction.

Comprehensively understanding MJO predictability is urgently needed to build theoretical
frameworks for advancements in practical prediction of not only the MJO but also other
environmental phenomena on S2S timescales. Typical sessions at general scientific conferences
often fall short in providing the depth and scope required for thorough discussions on this critical
subject. There has not been any specialized workshop on this subject.

An international workshop convening experts across theories, numerical models, observations
and AI/ML is thus timely. This specialized forum centered on the fundamental aspects of MJO
predictability will enable in-depth exploration and collaboration. Expected outcomes would be to
accelerate the progress in advancing the understanding of both sources and limits of the MJO
predictability by expanding currently existing tools of numerical modeling to include approaches
using observations, dynamical systems, and information theories. Such progress would improve
S28S prediction capabilities for the MJO and related phenomena that directly benefit society.

Objectives

The objectives of the proposed workshop are:



(1) Discuss the present state, gaps, and the future direction in research on MJO predictability,
including both its sources and limits.

(2) Cultivate collaborative efforts among experts in theories, observations, numerical models,
and AI/ML to advance our understanding of both the source and limit of MJO predictability.

(3) Explore how a fundamental understanding of MJO predictability can guide the advancement
of practical MJO and S2S predictions to benefit society.

The following tentative questions are designed to foster the discussions at the workshop to help
achieve the three objectives:

- How should the predictability limit of the MJO be studied using theoretically based (e.g.,
information theories) and AI/ML based methods in addition to the conventional
numerically based ones (e.g., perfect model experiments)?

- What are the advantages and disadvantages of different methods of estimating the
predictability limit of the MJO?

- How can the physical processes responsible for the predictability limit of the MJO be
identified?

- What is the predictability source of the MJO? Can the physical mechanisms for the MJO
be considered its predictability sources?

- Are the predictability source and limit of the MJO related to each other through common
processes? If so, how should their relationship be identified?

- How does MJO predictability depend on its life cycle (e.g., initiation, propagation
through the Indo-Pacific Maritime Continent) and its interaction with other climate
phenomena (e.g., El Niflo, stratospheric Quasi-Biennial Oscillation)?

- How should the advanced understanding of the predictability sources and limits of the
MIJO guide the improvement of MJO and S2S prediction?
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