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(a) Pacific Trough (20 days/JJA) (b) Pacific Ridge (19 days/JJA)
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Figure S1. Composite mean de-trended and low-pass filtered ERA5 500 hPa geopotential

height anomalies for all days in JJA 1981-2024 assigned to (a) Pacific Trough, (b) Pacific Ridge,

(c) Alaskan Ridge, (d) Greenland High, and (e) No Regime. The mean seasonal frequency (days)

are also given. Hatching denotes regions where two-thirds of days have the same-signed anomaly

as the mean.
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Figure S2. Standardized time series across 1981-2024 for the JJA Greenland High regime
frequency (solid red line), the negative of the SNAO index (blue dashed line), GBI1 (black dot-
dashed line) and GBI2 (brown dotted line). Correlations of the SNAO and GBI time series
with the GH time series are given in the legend; these do not change by more than 0.01 if the
time series are detrended. The SNAO is computed as the leading empirical orthogonal function
of daily 0000 UTC ERA5 mean sea-level pressure anomalies in the region 20-80°N, 90°W—40°E
during JJA (e.g., Dunstone et al., 2023). GBI1 and GBI2 are computed following Hanna et al.

(2018).
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(a) Pacific Trough (b) Pacific Ridge (c) Alaskan Ridge
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Figure S3.  Comparison of JJA frequencies of (a—d) the four regimes and (e) No Regime
computed over 1940-2024 (colored time series) and 1981-2024 (black dashed time series). Linear
trends over 1981-2024 are shown for the frequencies based on 1981-2024 data (‘short’, black
dashed line) and 1940-2024 (‘full’, black dotted line). The correlations of the two time series
over 1981-2024 are also shown. The green line denotes an 11-year centered moving average of

the 1940-2024 time series.
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(a) Frequency trends (b) Standard deviation trends
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Figure S4. Boxplots of Markov model trends in (a) frequency and (b) standard deviation
(computed over 11-year centered overlapping windows), with (left) fixed persistence probabilities
and (right) linearly-varying persistence probabilities (see main text for details). The ERA5 trend
is shown as a red dashed line. The percentile of the ERA5 trend within the Markov model trends

are also shown on the z-axis labels.
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(a) Pacific Trough

(b) Pacific Ridge
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(e) No Regime
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Figure S5. 1l-year centered running mean JJA frequency of the (a) Pacific Trough, (b) Pacific
Ridge, (c) Alaksan Ridge, (d) Greenland High and (e) No Regime in the 10,000-member SEAS5H

ensemble. Red dashed line denotes ERAS.
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(a) GH persistence vs frequency trend
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(b) GH persistence vs standard deviation trend
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Figure S6. Scatter plot of SEAS5 GH persistence trends with (a) frequency trends and (b)

standard deviation trends. Red open circle denotes ERAS and the yellow star denotes the median

across all the SEAS5 ensemble members.
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