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1. MJO Phase speed: Radon Transform method

Following the previous studies (Yang et al., 2007; Mayta et al., 2021, 2023), the Radon Trans-
form method (Radon, 1917) is adopted to objectively evaluate MJO phase speed based on the
longitude-time plot (as shown in Fig. S1). The convective envelopes are projected onto a plate
that has an angle 6 (0° to 180°) relative to the z-axis (Fig. S2a), and the largest total amplitude

>, P2 (2}, 0) will exist in 0,4, (Fig. S2b). The phase speed can be estimated as

2ma cos P Ax
_ , 1
= 300 AN (Omar) (1)

where a is the earth’s radius, and 2”&%?” is the length of unit degree at latitude 1. The Ax
and At are the temporal and spatial (°) resolutions of a data grid, respectively. Since the MJO
propagation will accelerate when it crosses the Maritime Continent (Rushley et al., 2022), we
only consider the range from 60°E to 120°E. For example, the ¢, of ERA5 is 3.77 ms~! obtained
from 6,,,, = 49.5° (Fig. S2b). The averaged ¢, is 5.3 £ 3.1 ms™! for 25 CMIP6 models, and
10 models simulate the ¢, > 5 ms™! (refer to Fig. S1). These results suggest that the MJO

convection has a faster phase speed in model simulation than in the real world, consistent with

the previous study of the MJO propagation in CMIP5 models (Ahn et al., 2017).
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2. Parameters of N,,o4e
Here, we analyze whether the N,,,4. in the models is also sensitive to its phase speed. The

equation of N,,,4. can be rewritten by common logarithm (log;,)

1019 Ninode = 210g¢ ¢ +10go 7 + (—logyo 7e) + (—2logy, ¢) (2)

Since the c¢ is consistent (= 50 ms™!), we neglect the last term. Figure S4 illustrates the
scatterplots of the leading three terms in Eq. 2, including the slope (S) and correlation (R)
to 1og;y Nimode-  For the 25 models, MJO phase speed has the highest relation with N,,uq4e
(S = 1.37,R = 0.97; Fig. S3a). Large and small N,,,4 values correspond to relatively fast
and slow propagation, respectively. The temporal scale of wave shows a relatively weak effect
and a negative correlation to Ne (S = —0.24, R = —0.79; Fig. S3b). The contribution of
—logyy 7 to logyg Ninode is much smaller than other terms (S = —0.13, R = —0.54; Fig. S3c).
A high sensitivity of N4 to ¢, is also found in these 25 CMIP6 models, consistent with the

observation in previous studies (e.g., Adames et al., 2019; Adames, 2022).
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Figure S1. Hovmoller diagram of regressed precipitation averaged between 10°S and 10°N
from -30 to 30 days for the ERA5 and 25 CMIP6 models. Values in the bottom-left corner
represent the MJO phase speed over 60°E-120°E calculated by using the Radon Transform. The

contour interval is 0.3 mm day !
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(a) Distance-time plot
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Figure S2. Schematic depicting the process of the Radon Transform method to estimate MJO
phase speed in ERA5. (a) Hovmoller diagram projects onto a plate that has an angle § with the

z-axis. (b) The € that has a maximum total absolute amplitude Y°; P? (!, 0) is defined as 6,4,
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Figure S3.  Scatterplot of (a) 2logyyc, (b) log,,7, and (c) —log,7. versus logyy Nyoge for
ERA5 (black star) and 25 CMIP6 models. The green and pink markers symbolize four good and
four poor models, respectively. Solid lines are calculated by the linear least-squares fitting. The
values in the top represent the slope of linear fits and correlation coefficient for 25 model results.

All correlation coefficients pass the 95% confidence interval (p-value < 0.05).
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