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Supplementary material for the article:

The 3D life cycle of potential vorticity cutoffs: A global ERA-interim climatology (1979-2017)
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S1. Normalizing track durations between genesis and lysis

Tracks are normalized between genesis time 7, and lysis time ¢; by dividing the genesis relative time
At =t —t, by the total track duration ¢, — ¢;. A continuous curve of STT and TST along the normalized
life cycle is then obtained by computing a monotonic cubic spline using the PchipInterpolator !, see
also Fritsch and Carlson (1980). In order to achieve a realistic interpolation, STT and TST values are
smoothened using a 24 h window running mean.

S2. Details of the selected PV cutoff genesis regions

Table 1 provides an overview of the geographical boundaries of the selected regions and the number of
identified tracks with PV cutoff genesis in this region.

Table 1. Details of the selected PV cutoff genesis regions in DJF and JJA

genesis region  longitudes latitudes  number of tracks

DIJF
California | 105-130°W  25-45°N 291
western North Atlantic 40-70°W  40-60°N 206
Mediterranean 0-183°E  35-48°N 132
eastern South Pacific 70-90°E  20-40°S 155
South Africa 0-25°E  20-40°S 201
Antarctica 55-85°E  50-65°S 165

JJA
Hudson Bay 70-105°W  50-70°N 232
central subtropical N. Atlantic 30-60°W  20-35°N 337
eastern subtropical N. Atlantic 5-25°W  25-40°N 175
Baltic Sea 10-35°E  50-65°N 158
Sea of Okhotsk 0-25°E  20-40°N 207
Australia 110-140°E  32-52°S 291

Ihttps://docs.scipy.org/doc/scipy/reference/generated/scipy.interpolate. PchipInterpolator.html, last access: 01 June 2020
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S3. Example cases

The following Figs. S1, S2, and S3 illustrate the application of the tracking method and at the same time
provide examples for each of the three proposed life cycle types.

Figure S1 shows PV cutoff genesis over the central subtropical North Atlantic in JJA (Type 1. anticy-
clonic). The PV cutoff forms at 18 UTC 18 Jun 2000 from a westward extending PV streamer equator-
ward of the jet stream and a large ridge. It then remains relatively stationary, slightly grows on 340K,
decays diabatically on 335 K at 18 UTC 19 Jun 2000 and merges with a pre-existing PV cutoff at 00 UTC
20 Jun 2000. It reappears on 335 K and appears for the first time on 345 K at 12 UTC 20 Jun 2000. It is
then reabsorbed first on 345 K and later, from 00 UTC to 06 UTC 22 Jun 2000, on 340K. On 335K it
shrinks and finally decays at 06 UTC 22 Jun 2000. During the whole life cycle it is not linked to a surface
cyclone.

Figure S2 shows PV cutoff genesis over Australia in JJA (Type 11, between-jets). The PV cutoff forms at
00 UTC 25 Aug 2001 from the cyclonic break-up of a anticyclonically tilted PV streamer equatorward of
the polar jet stream and poleward of a strong subtropical jet. Alread 12 h after PV cutoff genesis, a surface
cyclone forms at the PV cutoff’s eastern flank, which subsequently intensifies. As the cyclone intensifies
the PV cutoff shrinks at all levels and decays diabatically at 295 and 300 K. Surface cyclone and PV cutoff
then form an equivalent barotropic system around 12 UTC 27 Aug 2001. At the same time, the PV cutoff
detaches from the stratospheric reservoir on 315 K and is reabsorbed again only 12 h later. The PV cutoff
finally decays diabatically on 305 K and 310 K.

Figure S3 shows PV cutoff genesis over the western North Atlantic in DJF (Type 111, cyclonic). It forms
at 06 UTC 06 Jan 1989 on 290-300 K from cyclonic wave breaking equatorward of a large, pre-existing
surface cyclone south of Greenland and poleward of the jet stream. Subsequently it moves rapidly north-
eastward, appears shortly on 305 K and is subsequently reabsorbed again on that isentrope. At the same
time, it decays diabatically on 290 K and shrinks substantially on 295 K. At 00 UTC 07 Jan 1989 cycloge-
nesis occurs ahead of the PV cutoff west of Iceland. The surface cyclone remains in the vicinity of the PV
cutoff for about one day and then moves eastward while the PV cutoff remains quasi-stationary between
Greenland and Iceland where it is finally reabsorbed at 12 UTC 09 Jan 1989. During the quasi-stationary
period, the PV cutoff decays and reappears again on 295 K.

References

Fritsch, F. N. and Carlson, R. E.: Monotone Piecewise Cubic Interpolation, Siam J. Numer. Anal., 17,
238, 1980. https://doi.org/10.1137/0717021.



(a) 12UTC 18 Jun 2000 (b) 18UTC 18 Jun 2000 (c) 00UTC 19 Jun 2000

R Y 2

= o

(d) 06UTC 19 Jun 2000 (e) 12UTC 19 Jun 2000 (f) 18UTC 19 Jun 2000

NN NS
==,

- W/

(9) 00UTC 20 Jun 2000 (h) 06UTC 20 Jun 2000 (i) 12UTC 20 Jun 2000
~J
—
g
18UTC 20 Jun 2000 (k) 00UTC 21 Jun 2000 0] 06UTC 21 Jun 2000

\=—/f

= =
A o

=2
A

>

(m) 12UTC 21 Jun 2000 (n) 18UTC 21 Jun 2000 (o) 00UTC 22 Jun 2000

S _— N

=X P

(p) 06UTC 22 Jun 2000 (a) 12UTC 22 Jun 2000 (r) 18UTC 22 Jun 2000

Figure S 1. Case study of a PV cutoff forming over the central subtropical North Atlantic (Type I, anticyclonic). Shown are the 2PVU
isoline on 340 K (brown) in panels a,b and o-r and masks of the identified PV cutoff at 335 K (red), 340 K (brown), and 345 K (blue), sea
level pressure (black), and, for panel (a), wind speed at 250 hPa (green shading, 20,40,60 ms ™).
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Figure S 2. Case study of a PV cutoff forming over Australia (Type II,‘(aerween-jets). Shown are the 2 PVU isoline on (a,b,0-r) 310 K (brown)
and on (m,n) 315 K and masks of the identified PV cutoff at 290 K (oranhge) and 300 K (green), 305 K (red), 310 K (brown), and 315 K (blue),
sea level pressure (black), and, for panel (a), wind speed at 250 hPa (green shading, 20,40,60,80 m s7h).
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Figure S 3. Case study of a PV cutoff forming over the western North Atlantic (Type III, cyclonic). Shown are the 2 PVU isoline on (a,b,n,0)
300 K (brown) and on (f,g) 305 K and masks of the identified PV cutoff at 290 K (green), 295 K (red), 300 K (brown), and 305 K (blue), sea
level pressure (black), and, for panel (a), wind speed at 250 hPa (greeg shading, 20,40,60 m s™h.



