Progress #j%# &

IS
&F

L3 IR

TEEFExEIEEFHIFERBEENX
AR D R

XUFHG MRS SR XRNEE 2RI DR
(1 AR B CRERS IR KRR TR 38 /o 5 PR B AL I B 15 VIR 15 S0 3 /R 3 1o 0 55 5 Al i 1)
b, FAC 210044 ; 2 FRIEREEBOR PIBERE SR IR A AR A ) B I 5 d g %, bRt 1000295
3 PEPBFEBERE, LA 100049; 4 WintQIERHABZATR], Hin 211135)

HE: AXWEXILF K REESREIE RS (Stratospheric Final Warming, SFW) /&% BEE=FARE 5 EH#1TT
EbE . =MAEERANN D BEFERERESMZOEER (60°—75°N) BASRAFHISRANRE—XBARNER
ARRBYETE, @FAZBRNIREZE; 2) BEEHSRARZEEL EBEMRZBEE, ARETRERNZEBESRTEY
SR NBFERNE AR E, EFABIRZEEE; 3) 90°NS560°NZ BG4 RELRAREERE—RBAMEE
WHE, ERPREREREE. SRKRA, AFANIREZENAYXIAEEESIINSFWELR BIEA—K, B2
HERBEARMENLEIREEIL RN, WMAERENSFWIRELBHRZHIRKRE; BEREREEHENSFWIR
A BERETZENGREEMENSFWIRA B, 7230 hPaFEEE, BMHAAEXHNFYHBEEICd. BFZEENX
REFELERNEARER, B, WzAZEAEE, MEERERKEHTEIT, ERKHA, NRFEERER
HAPNEERKIES N3 K, UEMRERENRIZHENSFWIEL HHANEAR—,

X7 TREREIGREEN, BRHE, FENIRE, BYXZEE, RERERE

hESHES: P4 MEktREE: A DOI: 10.3969/.issn.2095-1973.2024.05.005

S

Comparison of the Methods in Defining the Onset of
Stratospheric Final Warming Event during Boreal Spring

Liu Xiangyu', Yan Liuchi*3, Hu Jinggao', Deng Jiechun', Li Zongze', He Huan*

(1 Key Laboratory of Meteorological Disaster, Ministry of Education/Joint International Research Laboratory of
Climate and Environment Change/Collaborative Innovation Center on Forecast and Evaluation of Meteorological
Disasters, Nanjing University of Information Science and Technology, Nanjing 210044; 2 State Key Laboratory of

Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics (LASG), Institute of Atmospheric
Physics, Chinese Academy of Sciences, Beijing 100029; 3 University of Chinese Academy of Sciences, Beijing 100049;
4 Nanjing CLIMBLUE Technology Co. Ltd., Nanjing 211135)

Abstract: This paper compares three methods in defining the onset of the boreal spring stratospheric final warming (SFW) events,
which are based on the final reversal of daily circumpolar zonal wind direction (referred to as UDO), the reversal of zonal wind
direction linearly interpolated from the monthly data (referred to as UMO), and the reversal of the meridional gradient of zonal-
mean temperature between the North Pole and 60°N (referred to as TGO0), respectively. The SFW onset date identified by the UMO
method is basically consistent with that by the UD0O method. However, in the presence of major stratospheric sudden warming
events in late winter and early spring, considerable discrepencies are discovered between the results of the two methods. The SFW
onset date identified by TGO tends to be earlier than that by UDO0. At 30 hPa, The mean date of SFW by the TGO method is ~16
days earlier than that by the UDO method. As the UDO method is more common in practical use, the TG0 method is revised with
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Fig. 1 The onset date of SFW determined by the daily
zonal wind reversal method and the monthly zonal wind
interpolation method at 30 hPa during 1979—2020 (a);
(b) same as Fig. 1a, but for the monthly zonal wind
interpolation method, the onset date of SFW is the final
reversal time that the circumpolar westerly wind turns into
easterly wind (the black boxes: the discrepancies between
the two methods in 1999; r: the correlation coefficient
between the two series)
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Fig. 2 The height-time evolution of the zonal-mean zonal
wind in 60°—75°N in 1999 (the black contours: the zero
contours of wind speed; the gray horizontal and vertical

dashed lines: the 30 hPa pressure level and the onset
date of SFW at 30 hPa, respectively)
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Fig. 5 The height-time evolution of the zonal-mean
zonal wind in 60°—75°N in 1989 (a) and of the meridional
temperature gradient between the 90°N and 60°N in 1989

(b) and 1999 (c) (the black contours: the zero contours
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Fig. 7 The height-time evolution of the zonal-mean zonal wind anomalies in 60°—75°N (a—c), area-mean temperature
anomalies poleward of 60°N (d-f) and area—mean geopotential height anomalies poleward of 70°N (g—i) composited
for all years (a, d, g), earlier years (b, e, h) and later years (c, f, i) of SFW, respectively, with the onset date of SFW
determined by the meridional temperature gradient reversal method with 3 K threshold (vertical dashed lines: the zero
day/the onset date of SFW)
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