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1 Sensitivity study of the trend analysis

We carried out an extensive sensitivity study of our trend-analysis results. In
the manuscript, we report the sensitivity study of the results with respect to
(i) the observable used — Extended Data Figs. 2 and 3, (ii) the number of time
periods adopted for trend analysis — Extended Data Fig. 4, (iii) the satellite
observation era — Extended Data Fig. 7, and (iv) the reanalysis dataset — Figs.
5 and 6.

Here, we report further sensitivity results with respect to (iv) the reanalysis
dataset, where we used JRAS5 reanalysis data (Supplementary Fig. 1), and
20CR (Supplementary Fig. 2), and with respect to (v) the dimensions of the
domain (Supplementary Fig. 3), where we used the extended domain 30°S
to 30°N (instead of 20°S to 20°N). These three additional figures have been
obtained for a number of bin equal to 9, as the reference results obtained on
ERAS5 data. The results across these reanalysis datasets are consistent with
the initial findings obtained on ERAS, further supporting the analysis and

conclusions.
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Supplementary Fig. 1: Composite anomalies (a—h), for patterns with
significant occurrence trends (i,j), and associated analogues (k,l),
using TCWYV as observable. As in Fig. 1, but for the JRA55 reanalysis
dataset.
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Supplementary Fig. 2: Composite anomalies (a—h), for patterns with
significant occurrence trends (i,j), and associated analogues (k,l). As
in Fig. 1, but for the 20CR reanalysis dataset.
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Supplementary Fig. 3: Composite anomalies (a—h), for patterns with
significant occurrence trends (i,j), and associated analogues (k,]). As
in Fig. 1, but using the extended domain 30°S to 30°N.

2 Frequency maps and EM-DAT results for the other
three seasons: MAM, JJA, and SON
In the manuscript, we report extreme weather frequency maps for the DJF

(December, January, February) season. Here, we report the results for all other

seasons, namely MAM (March, April, May) — Supplementary Fig. 4, JJA
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(June, July, August) — Supplementary Fig. 5, and SON (September, Octo-
ber, November) — Supplementary Fig. 6. We also report the frequency maps
for the entire year, without separating it by seasons — Supplementary Fig. 7.
These results supports the findings presented in the manuscript, highlighting
an increased frequency of extreme weather for the emerging patterns identified,
across the other three seasons.

In Supplementary Figs. 8, 9, and 10, we additionally show the results for
the EM-DAT analysis (same as Fig. 3 in the manuscript), for MAM, JJA, and
SON, respectively. The results are consistent with the findings obtained in the

manuscript.

Qa Frequency ratio of heatwave days
20N

e ATt
s - o

10°s )i%’ AL
48% g /// y
20° Il £
80°E 100°E 120°€

C Frequency ratio of extreme precipitation days (MAM)A?H d Frequency ratio of extreme precipitation days (MAM)&’—?E———;-:

80°E 100°E 120°E 140°E 160°E ’ 80°E 100°E 120°E 140°E 160°E
€ Frequency ratio of consecutive dry days (MAM) f Frequency ratio of consecutive dry days (MAM) e

20° . - > I
7 7 PRI 7T AT
10°N o y ,,",',- <

G

120°E 140°E 160°E

Supplementary Fig. 4: Weather extremes associated with emerging
(a,c,e) and disappearing (b,d,f) weather patterns in MAM. Frequency
ratio maps for heatwaves (a,b), extreme precipitation (c,d), and consecutive
dry days (e,f). Diagonal black lines indicate regions with changes that are
statistically significant at the one-sided 5% level, computed with a bootstrap
sample size of 500. Same as Fig. 2, but for MAM (March-April-May).
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Supplementary Fig. 5: Weather extremes associated with emerging
(a,c,e) and disappearing (b,d,f) weather patterns in JJA. Frequency
ratio maps for heatwaves (a,b), extreme precipitation (c,d), and consecutive
dry days (e,f). Diagonal black lines indicate regions with changes that are
statistically significant at the one-sided 5% level, computed with a bootstrap
sample size of 500. Same as Fig. 2, but for JJA (June-July-August).
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Supplementary Fig. 6: Weather extremes associated with emerging
(a,c,e) and disappearing (b,d,f) weather patterns in SON. Frequency
ratio maps for heatwaves (a,b), extreme precipitation (c,d), and consecutive
dry days (e,f). Diagonal black lines indicate regions with changes that are
statistically significant at the one-sided 5% level, computed with a bootstrap
sample size of 500. Same as Fig. 2, but for SON (September-October-
November).
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Supplementary Fig. 7: Weather extremes associated with emerg-
ing (a,c,e) and disappearing (b,d,f) weather patterns in all seasons.
Frequency ratio maps for heatwaves (a,b), extreme precipitation (c¢,d), and
consecutive dry days (e,f). Diagonal black lines indicate regions with changes
that are statistically significant at the one-sided 5% level, computed with a

bootstrap sample size of 500. Same as Fig. 2, but for all seasons.
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Supplementary Fig. 8: Impact of emerging weather patterns over the
tropical Indo-Pacific region according to floods recorded in the EM-
DAT database. The choropleth map in plot (a) depicts the ratio of flood
days recorded under changing weather patterns, compared to climatology. The
sizes of the pie charts represent the total floods per country from 1979-2022,
with red slices representing floods linked to emerging weather patterns and
orange slices for those not assigned. The table in plot (b) shows the total
number of flooding days within the MAM season for each country (first row),
the flood days associated with emerging weather patterns (second row), and
the respective frequency ratios (third row).
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Supplementary Fig. 9: Impact of emerging weather patterns over the
tropical Indo-Pacific region according to floods recorded in the EM-
DAT database. The choropleth map in plot (a) depicts the ratio of flood days
recorded under changing weather patterns, compared to climatology. The sizes
of the pie charts represent the total floods per country from 1979-2022;, with
red slices representing floods linked to emerging weather patterns and orange
slices for those not assigned. The table in plot (b) shows the total number of
flooding days within the JJA season for each country (first row), the flood days
associated with emerging weather patterns (second row), and the respective

frequency ratios (third row).

*Total number of JUA days (1979-2022): 4048, Emerging patterns: 39
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Supplementary Fig. 10: Impact of emerging weather patterns over
the tropical Indo-Pacific region according to floods recorded in the
EM-DAT database. The choropleth map in plot (a) depicts the ratio of flood
days recorded under changing weather patterns, compared to climatology. The
sizes of the pie charts represent the total floods per country from 1979-2022,
with red slices representing floods linked to emerging weather patterns and
orange slices for those not assigned. The table in plot (b) shows the total
number of flooding days within the SON season for each country (first row),
the flood days associated with emerging weather patterns (second row), and
the respective frequency ratios (third row).

3 Role of variability on weather extremes for the three

other seasons: MAM, JJA, and SON

In the manuscript, we use pie charts to understand the role of internal variabil-
ity for the DJF (December, January, February) season, where we focused on
ENSO. Here, we report the results for all other seasons, namely MAM (March,
April, May) — Supplementary Fig. 11, JJA (June, July, August) — Supple-
mentary Fig. 12, and SON (September, October, November) — Supplementary

Fig. 13. These results supports the findings presented in the manuscript,
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s (related to Fig. 4), and highlight a substantial contribution of the emerging

o patterns identified to extreme weather conditions in the region.

a 3.1 ENSO-driven variability
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Supplementary Fig. 11: Comparative analysis of extreme weather
across ENSO phases and emerging patterns in MAM. As in Fig. 4 but

for MAM.
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Supplementary Fig. 12: Comparative analysis of extreme weather
across ENSO phases and emerging patterns in JJA. As in Fig. 4 but
for JJA.
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Supplementary Fig. 13: Comparative analysis of extreme weather
across ENSO phases and emerging patterns in SON. As in Fig. 4 but
for SON.
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e 3.2 I10D-driven variability
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Supplementary Fig. 14: Comparative analysis of extreme weather
across IOD phases and emerging patterns in MAM. As in Fig. 4 but
for IOD, in MAM.

Heatwaves (HW) Extreme Precipitation (EP) Dry-day events (CDD)
24% 079, 10% _06% 0.4%

category N HW

45.7% category N EP X category N CDD 47.0%

total no. HW days total no. EP days

1.7%

Categories
Emerging patterns
EXXA 10D- & Emerging
XXJ 10D+ & Emerging
I |OD-
N |OD+
Not assigned

category

total no. days

Supplementary Fig. 15: Comparative analysis of extreme weather
across IOD phases and emerging patterns in JJA. As in Fig. 4 but for
10D, in JJA.
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Supplementary Fig. 16: Comparative analysis of extreme weather
across IOD phases and emerging patterns in SON. As in Fig. 4 but for

IOD, in SON.

s 3.3 PDO-driven variability
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Supplementary Fig. 17: Comparative analysis of extreme weather
across PDO phases and emerging patterns in MAM. As in Fig. 4 but

for PDO, in MAM.
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Supplementary Fig. 18: Comparative analysis of extreme weather
across PDO phases and emerging patterns in JJA. As in Fig. 4 but for
PDO, in JJA.
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Supplementary Fig. 19: Comparative analysis of extreme weather
across PDO phases and emerging patterns in SON. As in Fig. 4 but
for PDO, in SON.
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o« 3.4 AMO-driven variability
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Supplementary Fig. 20: Comparative analysis of extreme weather
across AMO phases and emerging patterns in MAM. As in Fig. 4 but
for AMO, in MAM.
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Supplementary Fig. 21: Comparative analysis of extreme weather
across AMO phases and emerging patterns in JJA. As in Fig. 4 but
for AMO, in JJA.
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Supplementary Fig. 22: Comparative analysis of extreme weather
across AMO phases and emerging patterns in SON. As in Fig. 4 but
for AMO, in SON.

4 Distribution of identified patterns with respect to

modes of variability

In this section, we present violin plots showing the distribution of both
emerging and disappearing patterns with respect to the modes of variability
considered, namely ENSO, 10D, PDO, and AMO. We present two figures.
The first, figure 23, uses quantile-based thresholds for identifying positive,
negative, and neutral phases of each mode of variability. This approach is
used in a number of papers in the literature [1-3]. This approach is used to
obtain the frequency maps in Supplementary Information section 5. The sec-
ond, figure 24, uses absolute thresholds for for identifying positive, negative,
and neutral phases of each mode of variability. This approach is used in a
number of papers in the literature [4-6].

For the quantile-based threshold approach (Supplementary Fig. 23), we

note that that the mean value (dot in the violin plots) for all data (white),
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emerging patterns (yellow violin plot) and disappearing patterns (grey violin
plot) is mostly in the neutral phase of each mode, except for the emerging
patterns vs AMO. In this case, the emerging patterns are slightly above the
threshold, that indicates weak positive AMO conditions.

For the absolute threshold approach (Supplementary Fig. 24), we note that
that the mean value (dot in the violin plots) for all data (white), emerging
patterns (yellow violin plot) and disappearing patterns (grey violin plot) is
mostly in the neutral phase of each mode, except for the emerging patterns
vs ENSO. In this case, the emerging patterns are slightly below the threshold,
that indicates weak La Nina conditions.

Remarkably, if we condition extreme weather with respect to mode of
variability phases obtained using quantile-based thresholds, as done in Supple-
mentary Information section 5, we are unable to reproduce increased frequency
of extremes as high as the one obtained for the emerging patterns identified in
this work. This indicates that the variability mode phase, while it contributes
to modulating extreme weather, it is unable to fully explain the increased
frequency seen for the emerging patterns. Hence, emerging patterns and the

changing dynamics of the tropical Indo-Pacific are playing a key role.
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Supplementary Fig. 23: Violin plots showing patterns vs modes of
variability phases using quantile-based thresholds. The shaded red and
blue areas indicate positive and negative phase of each mode of variability
obtained using the quantile-based thresholds, while the white area indicate
neutral phase. The three violin plots correspond to all data available (white),
to the emerging patterns (yellow), and to the disappearing patterns (grey).
The dot in each violin plot corresponds to the mean value.
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Supplementary Fig. 24: Violin plots showing patterns vs modes of
variability phases using absolute thresholds. The shaded red and blue
areas indicate positive and negative phase of each mode of variability obtained
using absolute thresholds, while the white area indicate neutral phase. The
three violin plots correspond to all data available (white), to the emerging
patterns (yellow), and to the disappearing patterns (grey). The dot in each
violin plot corresponds to the mean value.

5 Frequency maps conditioned to modes of variability

In this section, we present the frequency ratio maps, identical to Fig. 2 in the
main manuscript, but obtained conditioning extremes with respect to mode of
variability phases computed using the quantile-based thresholds presented in

Supplementary Fig. 23. Remarkably, all the results presented in this section
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102 are unable to reproduce an increased frequency of heatwaves and extreme pre-
w3 cipitation as significant the one obtained for the emerging patterns identified

104 in this work.
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Supplementary Fig. 25: Frequency ratio maps of heatwaves con-
ditioned to different ENSO phases. The positive, negative and neutral
phases were obtained using the quantile-based thresholds presented in Supple-
mentary Information section 4.
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Supplementary Fig. 26: Frequency ratio maps of extreme precipita-
tion conditioned to different ENSO phases. The positive, negative and
neutral phases were obtained using the quantile-based thresholds presented in
Supplementary Information section 4.
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Supplementary Fig. 27: Frequency ratio maps of consecutive dry
days conditioned to different ENSO phases. The positive, negative and
neutral phases were obtained using the quantile-based thresholds presented in
Supplementary Information section 4.
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Supplementary Fig. 28: Frequency ratio maps of heatwaves condi-
tioned to different IOD phases. The positive, negative and neutral phases
were obtained using the quantile-based thresholds presented in Supplementary
Information section 4.
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Supplementary Fig. 29: Frequency ratio maps of extreme precipi-
tation conditioned to different IOD phases. The positive, negative and
neutral phases were obtained using the quantile-based thresholds presented in
Supplementary Information section 4.
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Supplementary Fig. 30: Frequency ratio maps of consecutive dry
days conditioned to different IOD phases. The positive, negative and
neutral phases were obtained using the quantile-based thresholds presented in
Supplementary Information section 4.
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Supplementary Fig. 31: Frequency ratio maps of heatwaves condi-
tioned to different PDO phases. The positive, negative and neutral phases
were obtained using the quantile-based thresholds presented in Supplementary
Information section 4.
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Supplementary Fig. 32: Frequency ratio maps of extreme precipita-
tion conditioned to different PDO phases. The positive, negative and
neutral phases were obtained using the quantile-based thresholds presented in
Supplementary Information section 4.
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Supplementary Fig. 33: Frequency ratio maps of consecutive dry
days conditioned to different PDO phases. The positive, negative and
neutral phases were obtained using the quantile-based thresholds presented in
Supplementary Information section 4.
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Supplementary Fig. 34: Frequency ratio maps of heatwaves condi-
tioned to different AMO phases. The positive, negative and neutral phases
were obtained using the quantile-based thresholds presented in Supplementary
Information section 4.
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Supplementary Fig. 35: Frequency ratio maps of extreme precipita-
tion conditioned to different AMO phases. The positive, negative and
neutral phases were obtained using the quantile-based thresholds presented in
Supplementary Information section 4.
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