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Supplementary Figures
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Fig. S1 Network degree distribution corresponding to (a,b) the HW network over India shown in
Figure 2 and (c,d) extended network over South Asia shown in Figure 3 of the main text. Left column
represents the historical period 1960–1989 (P1) while the right column represents the period 1990–
2019 (P2).
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Fig. S2 Number of heatwaves during March-April-May derived using ERA5 daily 2m temperature
for spans, (a) 1960-1989 and (b) 1990-2019.
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Fig. S3 Network degree centrality (DC) patterns of synchronous HWs over South and West Asia
region during March-April-May with maximum allowed temporal delay of �max=7 days for (top) two
historical climatological periods using ERA5, and (bottom) near-future climatological period (2020-
2049) using CMIP6 simulations under the SSP245 scenario of three climate models.

Table S1 Cross-variable causal links (MCI) identified by PCMCI for the periods 1960–1989 and
1990–2019.

From ! To Lag (in weeks) P1: 1960{1989 P2: 1990{2019 Remarks

MCI p-val MCI p-val

CGT — NA 0 -0.143 0.00556 — — Disappears
TIR — NA 0 — — -0.116 0.02471 New influence
TIR ! CGT -1 0.178 0.00801 0.314 0.00000 Strengthens
TIN ! CGT -5 -0.168 0.01273 — — Disappears
TIN ! CGT -1 — — 0.155 0.02937 New lagged influence
NA ! CGT -3 — — 0.153 0.02937 New lagged influence
CGT ! TIR -1 — — -0.180 0.00617 New lagged influence
CGT ! TIN -2 -0.171 0.01209 — — Disappears
CGT — TIR 0 0.620 0.00000 0.579 0.00000 Slight weakening
CGT — TIN 0 0.451 0.00000 0.514 0.00000 Strengthens
TIN — TIR 0 0.122 0.01750 0.209 0.00005 Strengthens
TIR ! TIN -1 0.251 0.00002 0.267 0.00000 Strengthens
TIR ! TIN -2 -0.163 0.01509 — — Disappears
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Fig. S4 Historical simulations from three CMIP6 climate models—MPI-ESM1.2-LR, CNRM-CM6-
1, and UKESM1-0-LL—are analyzed for the March–April–May (MAM) season over the period
1990–2014. The left column shows the number of detected heatwave events, while the right column
presents the corresponding network degree patterns, constructed using a maximum allowed temporal
delay of �max = 7 days. Despite the shorter simulation period (1990–2014), the network degree pat-
terns are broadly consistent with those derived from ERA5 for the historical period P2 (1990–2020),
as shown in Figure 3b of the main manuscript—aside from differences due to model biases, visible
in the spatial distribution of event counts. Note that the 2015–2020 period was excluded to avoid
introducing discontinuities or biases associated with model scenario transitions, as CMIP6 historical
simulations end in 2014. When comparing the model historical network degree patterns (post-1990)
to their respective future SSP245 projections (2020–2049; Figure 5), an eastward extension of spa-
tially coherent regions is apparent, particularly for CNRM-CM6-1 and UKESM1-0-LL. This pattern
aligns with our earlier inferences based on ERA5 historical (Figure 3) and future network compar-
isons (Figure 5). For MPI-ESM1.2-LR, although the degree seems lower in South Asia, an eastward
extension is evident from the increment of degree towards central India, indicating a spatial reorga-
nization of links. 4
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Fig. S5 Lagged Correlation between mean Sensible Heat Flux (SHF) anomalies over the black box
region and 200 hPa Geopotential Height (Z200) anomalies during March-April-May for the span
1990-2019: (a) instantaneous correlation between SHF and Z200 anomalies, (b) SHF leading Z200 by
2 days (c) SHF leading Z200 by 4 days, Z200 leading SHF by 2 days, Z200 leading SHF by 4 days.
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Fig. S6 Same as Figure S5 but for lagged correlation between mean Outgoing Longwave Radiation
(OLR) anomaly over the box region and 200 hPa Geopotential Height (Z200) anomalies during March-
April-May for the span 1990-2019.
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Fig. S7 Composites of daily anomalies for (a, b) the meridional wind component (Vwnd) at 200 hPa
(anomalies are shown using color shading, with positive wind anomalies exceeding 3 m/s highlighted
by black contour lines), (c, d) the zonal wind component (Uwnd) at 200 hPa, and (e, f) the geopo-
tential height at 500 hPa and (Z500) and wind at 850 hPa during high extreme heat synchronization
(HWt) between Iran and northwest India-Pakistan in March-April-May. Left column (a, c, e) corre-
spond to the historical period 1960–1989, while the right column (b, d, f) represent 1990–2019, based
on ERA5 data. Anomaly values are depicted using color shading, with rectangular black boxes high-
lighting the regions used for synchronization calculations. Black arrows in (e) and (f) indicate wind
direction at 850 hPa scaled based on magnitude. Black dots indicate statistically significant anoma-
lies exceeding the 95th percentile.

Table S2 Autocorrelations (auto-MCI) identified by PCMCI for 1960–1989 and 1990–2019.

Variable Lag (in weeks) 1960{1989 1990{2019 Remarks

auto-MCI p-val auto-MCI p-val

NA ! NA -1 0.270 0.00000 0.192 0.00280 Slight weakening
CGT ! CGT -1 0.159 0.01810 — — Disappears
TIR ! TIR -1 0.357 0.00000 0.258 0.00001 Weakens
TIN ! TIN -1 0.422 0.00000 0.351 0.00000 Slight weakening
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