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Abstract Based on the NCEP/NCAR daily reanalysis data for the period of 1958-2017, this study comparatively
analyzes the stratospheric and tropospheric evolutions during the lifecycle of both strong and weak stratosphere polar

vortex events (SPV and WPV events, respectively). Moreover, the atmospheric circulation and dynamical characteristics
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of two types of WPV events, namely events with and without stratospheric sudden warming (SSW), were also analyzed.
The results show that the formation of SPV events follow a slow development and then a rapid intensification stage, while
the WPV events are established dramatically. Compared with the SPV events, the WPV events are stronger and have a
higher anomaly center when they reach a peak. Moreover, the occurrence of SPV and WPV events is closely related to the
positive feedback of wave-mean flow interaction. For the SPV events, a Pacific-North American teleconnection-like
pattern weakens the wave-1 of planetary waves during the growth stage. When the stratospheric westerly winds are
strengthened to a certain extent, upward propagating planetary waves are greatly suppressed; thus, the polar vortex is
intensified rapidly and reaches the peak stage. For the WPV events, a wave-1 pattern enhances the upward propagating
planetary waves in the growth stage, which soon leads to weak westerly winds in the stratosphere by exerting a drag on
the zonal flow. More planetary waves then propagate into the stratosphere, and thus, the polar vortex is dramatically
weakened and even broken down. In addition, for the WPV events with SSW, enhanced upward wave-1 Eliassen-Palm
(EP) flux in the stratosphere occurs in the growth stage. Through the positive feedback of wave-mean flow interaction,
both the upward propagating wave-1 and wave-2 EP fluxes are increased, which leads to the breakdown of the polar
vortex. For the WPV events without SSW, the upward propagating wave-1 EP flux is weak in the growth stage, while the
wave-2 flux plays an important role. Hence, the total upward propagating planetary waves are much smaller than the
WPV events with SSW. For the WPV events without SSW, a Eurasian (EU) teleconnection-like pattern in the height field
appears in the upper troposphere during the growth and peak stages, accompanied by strong anomalous poleward EP flux,
which leads to extreme negative Arctic oscillation (AO) in the troposphere. For the WPV events with SSW, a wave train
from the lower latitude over the North Pacific in the height field appears in the upper troposphere mainly during the
growth stage. In the later stages, the tropospheric influence of the WPV events with SSW is relatively delayed and not

robust, and the magnitude of AO index is much smaller than that for the WPV events without SSW.
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Fig. 1 (a) Daily —Zp index in winter with the SPV (WPV) events detected in this study. (b) Winter mean —Zp index at 50 hPa, the two bold horizontal
lines indicate the average values for 1989-1997 and 1998-2010. (¢) Composite evolution of —Zp (Zp) index at 50 hPa for the SPV (WPV) events, the
black (red) solid line denotes the SPV (WPV) events, the thick line segments denote >95% confidence level (based on two-tailed student’ s ¢ test); the
solid vertical lines and the numbers indicate the stages of SPV (WPV) events. (d) The probability distribution of peak —Zp (Zp) index at 50 hPa during
the life cycle of SPV (WPV) events, the solid (dashed) line denotes the SPV (WPV) events. SPV and WPV events denote the stratospheric and

tropospheric evolutions during the lifecycle of both strong and weak stratosphere polar vortex events, respectively
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Fig.3 Anomalies of EP fluxes (vectors; units: m's 2) and their divergence (contours; units: m s "d ]) during the (a) growth, (b) peak, (c) maturity,

(d) decline, (e) decay, and (f) disappearance stages of the WPV events, the anomalies of EP flux divergence are contoured at every 0.5 m s ' d" with
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divergence of EP flux (based on two-tailed Student’s ¢ test)
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Fig. 7 Geopotential height anomalies (contours; units: m) at 50 hPa (left column), 300 hPa (middle column) and 1000 hPa (right column) during the
growth, peak, maturity, decline, decay, and disappearance (the first to the sixth row) stages of the WPV events, the contour intervals are 50 m, 20 m,
and 10 m for 50 hPa, 300 hPa, and 1000 hPa, respectively; the red (blue) solid lines denote positive (negative) anomalies with the zero line omitted; the

gray shading denotes >95% confidence level (based on two-tailed Student’s  test).
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Fig. 8 Same as Fig. 7, but for the onset, growth, peak, decline, decay, and disappearance (the first to the sixth row) stages of the SPV events
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Fig. 9 Same as Fig. 2, but for the WPV events without SSW (Stratospheric Sudden Warming; left column) and the WPV events with SSW (right

column)
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Fig. 12 Same as Fig. 7, but for the onset, growth, peak, decline, decay and disappearance (the first to the sixth row) stages of the WPV events without
SSW
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Fig. 13 Same as Fig. 7, but for the WPV events with SSW



NI 44 %
744 Chinese Journal of Atmospheric Sciences Vol. 44
non-SSW SSW
(a) Fz [50N, 80N] @ 50 hPa (b) Fz [50N, 80N] @ 50 hPa
12 _ | total 12 _ | total
% ] “ ]
mE mE 8 —:
= = ]
£ £ '
o [e) 0+
c c 7
() (] ]
o o -4 ]
_8 ] I I I I I I 1 I 1 I I 1 _8 ] I I I I I I I I I I I I
-50-40-30-20-10 0 10 20 30 40 50 60 70 80 -50-40-30-20-10 0 10 20 30 40 50 60 70 80
Time/d Time/d
(c) Fy [40N, 70N] @ 300 hPa (d) Fy [40N, 70N] @ 300 hPa
8 | total 0 ] total
e wn2 ] —————- wn2
o 15 S wn3 o 154 e wn3
(7] wné+ » ] wné+
E 1.0 E 1.0
=) =) ]
S 05 S 054,
: ond
2 00 ] '\," , 2 0.0 §= £/ A;Néb#‘\.%
© A7 YA & ] v
D 05 L -0.54
_1 0 I I I I I 1 I 1 I 1 I I I _1 0 ] I I I I I I 1 I 1 T I 1
-50-40-30-20-10 0 10 20 30 40 50 60 70 80 -50-40-30-20-10 0 10 20 30 40 50 60 70 80
Time/d Time/d
(f) Standardized Zp & AO
X x Zp@10hPa
© S 3
= £ 204-- >
2 2 : 1000hPa
o3 o ]
& N 0.0-
gl 9 J
N g
= D
(] (]
E g -20
177 n

1 1 1 1 I 1 I 1 1 T 1 T
-50-40-30-20-10 0 10 20 30 40 50 60 70 80
Time/d

-50 -“:0 -I;O -2IO -1I0 (l) 1I0 210 SIO 410 5I0 6I0 7I0 80
Time/d

14 T SSW RAMA SSW RAEMBEHH M (av b) 50 hPa 50°N~80°N T3/ EP BB E /N E (F) B (CAfi: 10°m’s?; B
SLERMA . WS A A BIFRR MM — . O AT (e d) 300 hPa 40°N~70°N K] EP SBRAKCE4 8 (F,) F# (A 10°m’s
RSN B, WA REMBEEL S HFRR . ZBAPIE BB A (ev D FRIEMINZpHEEH 1000 hPa (17 AO
fed, HrhZpfa#h 7 10 hPay 50 hPa. 100 hPa. 300 hPa Fil 1000 hPa [7E4L, IS s8I A5 Y 95% MO ¢ A5
Fig. 14 (a) 50 hPa vertical component of EP flux (F.) anomalies averaged over 50°N—-80°N (units: 10°m>s~2); the black solid line and red (blue)
dashed line denote total flux and wave number 1 (wave number 2) component, respectively. (c) 300 hPa horizontal component of EP flux (F))
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denote wave number 2, wave number 3, and wave number 4 and greater, respectively. (e¢) Standardized Zp index and 1000 hPa AO index; the Zp
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Student’ s ¢ test). (a), (c), and (e) are for the WPV events without SSW; (b), (d), and (f) are same as (a), (c), and (e), respectively, but for the WPV
events with SSW
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