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1 Identifying RRWPs

Figure 1: Computation steps for the metric R for the 1983 event. All panels show longitude vs

time Hovmöller diagrams. (a) shows merdional wind at 250 hPa, v250 averaged between 35◦ and

65◦ N, vma(λ,t), (b) vtf (λ, t), (c) vtf,wvnf (λ, t), and (d) R(λ, t). Black contours in the panels show

R = 10 ms−1 (Fig. from Ali (2022)).

Recurrent Rossby wave packets (RRWPs) are identified using the metric R (Röthlisberger et al.,
2019; Ali et al., 2022, 2021). Figure 1 illustrates the steps to compute R (Ali, 2022). First,
the two-dimensional meridional wind fields are averaged between 35◦ and 65◦ N at each time

1



2

step, vma(λ,t). Then, 14.25 day running-mean fields are computed, vtf (λ, t) to smooth out high-
frequency transients. Next, vtf (λ, t) is transformed into the frequency domain using a fast Fourier
transform over longitude, v̂tf (k, t). Finally, an inverse Fourier transform is applied to calculate
the envelope of only the synoptic scale wavenumbers (k = 4–15), vtf,wvnf (λ, t). Thus, R(λ, t) for
each longitude λ and time t is calculated as:

R(l, t) = |2
15∑
k=4

v̂tf (k, t)e
2πikl/N |, (1)

2 Causal networks

Table 1: Summary of the one dimensional time series used in the CN for DJF.

Variable Description Grid box

R-NAt R-metric over the North Atlantic 50◦W–10◦E
BU-NAt BU over western and central Atlantic 35◦–50◦N, 55◦W–15◦W

Blocks-NAt Fraction of area blocked over NAt 40◦N–60◦N, 50◦W–5◦W
BU-Pac BU over Pacific 30◦N–40◦N, 170◦E–160◦W
RWS RWSadv over Pacific 20◦N–40◦N, 180◦W–140◦W

Table 2: Summary of the one dimensional time series used in the CN for JJA.

Variable Description Grid box

R-NAt R-metric over North Atlantic 50◦W–10◦E
Blocks-NAt Fraction of area blocked over North Atlantic 50◦N–65◦N, 50◦W–30◦W
BU-NAt BU over North Atlantic 40◦–55◦N, 65◦W–25◦W
BU-EPac BU over eastern Pacific 30◦N–40◦N, 170◦W–130◦W

The causal networks used in this study are based on Peter and Clark (PC) momentary condi-
tional independence algorithm, PCMCI (Runge, 2018). An extended description of the PCMCI
algorithm is provided in Di Capua et al. (2020); Kretschmer et al. (2016); Runge et al. (2019).
The one dimension series used in the causal networks are summarized in tables 1 and 2 (Ali,
2022).
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