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20  Figure S1: Northern annular mode stereographic maps at 500 hPa in EN and LN experiments for QBOi models based on their
geopotential daily data. Contour lines indicate the geopotential height during neutral annular mode conditions. Colors are the
positive (strong vortex, above the 90" percentile) minus negative (weak vortex, below the 10" percentile) anomalies based on the
NAM index. Negative anomalies indicate lower geopotential heights.

25

30



35

a) GPCP QBO W-E (W: 42, E: 39) b) GPCP QBO W-E [Neutral ENSO] (W: 14 E: 19)
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50
Figure S2. As in Figure 8 but showing the observed QBO signal for a) all DJF periods, and under b) Neutral, ¢) EN, d) or LA
conditions. The QBOi models are composited into a multimodel-mean, regridded to a common grid (the GPCP grid), and MME
differences are shown for the e¢) EN and (f) LN experiments. Model agreement, defined as grid-points where at least 75% of the
models agree on the sign of the signal, are hatched. The observed composite sizes in months are shown in parenthesis in the GPCP
55 panels.
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80 Figure S3: As Fig. 8, but for outgoing longwave radiation (OLR) in W m™2, ERAS data are used as the observational benchmark.
Only some models of the QBOi cohort output OLR for these experiments.
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Figure S4: (Left) Box plots of deseasonalized precipitation (mm day™') averaged over the western equatorial Pacific (WEP) region
(5° S-5° N, 120°-170° E) and EN3.4 region (5° S—5° N, 170°-120° W) for (a, ¢) LN and (b, d) EN experiments for the models,
together with El Nifio and La Nifia years in GPCP data, separated by datasets and QBO phases. QBO phases are classified using

deseasonalized DJF mean zonal-mean zonal wind averaged over 5° S—5° N at 50 hPa using >2 m s™! for QBO-W and < -2 m s™' for
QBO-E.
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100  Figure S5. DJF composite differences in GPCP (1979-2021) for W-E QBO phases, considering (top) all winters and (bottom) only
El Nino winters and (left) including the three strongest El Nifio events or (right) removing them.
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Figure S6: Same as Figure 11, but for CTL experiments. Note that the EMAC model is included instead of ERAS, because we have
130 not considered ENSO neutral years.
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Figure S7: Schematic Hovméller diagram showing statistically significant signals over the equator for the EC-EARTH CTL

experiment (a). Westerly (W) minus Easterly (E) equatorial profiles of zonal wind for the EC-EARTH CTL experiment in MAM

(b), JJA (c), SON (d), and DJF (e). Horizontal green dashed lines denote the vertical levels, while vertical lines mark the
165 longitudinal regions used to complete the diagram in (a) for EC-EARTH.



