TRIE K F G HIERE N R H R R ERRREE!
B HEE  Fk
I B TR G T AT 93035/ SR 2B, TR 210044

FEE U R S 8 R A AR A i R SR AR M RS T 0 R R R . 1E
1979-2020 4 ERAS 73 gk, BRI RN 4 PR AR F 5 oy KF
RS A (EEERIADN B PR AR R D A%, i CAMS Hfl
B, HE— DR 7R T ARG PG PRI R R R AR A BRI IE
P8 T G R I, 76 W i DX R0 3 K D s, 7 TS FAoin #vili i Matsuno-Gill
M B AE H PE ALK T Rossby 3 Gt /2 B E I R 75 ). 1% Rossby PR
[ AR AL AP R B T AL 3R R R RS0 s FEANAL S, I A A3 22 1] X
1 B RIIRMESR /N, 2211 R 3 AR B 3 Y5 BRI AR 223 K. 3 40 il ok 55
TR FRZN 1SR 3 P B R IE R B A, /D [0 Sl A e 3 o e A % e it
THEFANC TR 5 .

XBIF FRE, Wis, JREVERFVE, IR, Rossby

NERS 2021254C HESFHES P434

doi: 10.3878/j.issn.1006-9895.2202.21254

R B 2022-04-11; ML AR B H
WEEBN B, 53, 1995 A, MILHTA, FENFFRE-XRZEMEHT . E-mail:
20191201091 @nuist.edu.cn
BEWMMEE B, E-mail: shi@nuist.edu.cn
WBNE EXARRIYEEETE 41875048, 91837311
Funded by National Natural Science Foundation of China (Grants 41875048, 91837311)
1



The stratospheric Arctic polar vortex modulated by the SST warming

in the western equatorial Pacific in early spring

YAO Binbin, SHI Chunhua, GUO Dong
Key Laboratory of Meteorological Disaster, Ministry of Education (KLME)/ School of Atmospheric Sciences, Nanjing University of

Information Science & Technology, Nanjing 210044, China

Abstract Stratospheric Arctic vortex (SAV) anomalies can afford indications to
extreme weather and Arctic ozone losses in winter and spring. The SAV in early
spring is found to be related to the second mode of the interannual sea surface
temperature (SST) in the Tropical Pacific in 1979-2020, the spatial pattern of SST
anomalies in the western equatorial Pacific from the ERA-5 reanalysis data. The
specific progress of the western equatorial Pacific SST anomalies affecting the SAV is
revealed by the CAMS numerical simulations. The SST warming in the western
equatorial Pacific in winter and spring can intensify local deep convective
precipitation. Then the anomalous latent heating induces a Rossby wave (high
pressure anomalies in the upper troposphere) to its northwest side through the
Matsuno-Gill atmospheric response. The Rossby wave adjusts the strength and
position of the strongest trough-ridge system of the Northern Hemisphere in the North
Pacific along the great circle path, leading to a decrease of the amplitude of wave 1 of
the meridional wind and an increase of the phase difference of the wave 3 between the
meridional wind and temperature, which results in less wave activity fluxes of the
wave | and wave 3 propagating to the stratosphere. Finally, the less poleward
transport of eddy heat flux enhances the SAV in spring.

Key words stratosphere, Arctic vortex, the western equatorial Pacific, sea surface

temperature, Rossby wave
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Fig. 1 The spatial pattern of first (a) and second mode (b) of SST (unit: K) from empirical

orthogonal function (EOF) in the Tropical Pacific in February-March from 1979 to 2020. The area

inside the rectangle is the key region of the second mode
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Fig. 2 The time series of 50hPa geopotential height anomaly (bars, unit: gpm) in 60N°-90N° in
March, the normalized principal components (PC1, blue line and PC2, red line) of SST EOF in the
Tropical Pacific in February-March. The correlation coefficient between the PC2 and the 50hPa

geopotential height anomaly is -0.40, which is significant at the 99% confidence level
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Fig. 3 Correlation coefficients between the SST in February-March and the mean geopotential
height in 60°N-90°N at 50hPa in March from 1979 to 2020. Stippled regions are significant at the

95% confidence level
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Fig. 4 (a) Regressions of geopotential height (unit: gpm) at 50hPa in February-March in
1979-2020 onto PC2 of the Tropical Pacific SST EOF in the same period. (b)The mean wave 1

component of geopotential height (contours, the interval is 40 gpm) and the regressions of the
wave 1 component of geopotential height (shading, unit: gpm) at 100hPa in February-March onto
PC2 of the Tropical Pacific SST EOF from 1979 to 2020. (¢), (d) Same as (b), but for wave 2 and

wave 3. Stippled regions are significant at the 90% confidence level
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Fig. 5 Regressions of the EP flux (vectors, unit: m?-s?), EP-flux divergence (shading, unit:
m-s-d!) and zonal wind (the interval is 1 m-s!, the black solid contours indicate positive values)
in February-March in 1979-2020 onto PC2 of the Tropical Pacific SST EOF in the same period. (a)
the total EP fluxes, (b) EP flux of wave 1, (¢) EP flux of wave 2 and (d) EP flux of wave 3. The
EP fluxes are normalized by %6378 km horizontally and by 1000hPa vertically. The divergence
over the Stippled regions is significant at the 95% confidence level for the regressions of the

EP-flux divergence
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Fig. 6 Differences of zonal wind (shadlng, unit: ms') and temperature (contours, the interval is
1K) in February-March between the sensitive run and the control run. The zonal wind anomaly

over the Stippled regions is significant at the 95% confidence level
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Fig. 7 The mean geopotential height (black contours, the interval is 200gpm) and horizontal

Plumb wave activity fluxes of wave 1-3 (black vectors, unit: m?-s?) in the control run, the
differences of zonal deviation of geopotential height (shading, unit: gpm) and Plumb wave activity
fluxes (purple vectors, unit: m?s?) between the sensitive run and the control run. All the variables
are at 300hPa in February-March. The geopotential height anomaly over the Stippled regions is
significant at the 95% confidence level. The rectangle indicates the warming key regions

corresponding to that in Fig. 1b
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Fig. 8 (a) The difference of vertical velocity  (unit: 102Pa-s™!) at 500 hPa between the sensitive

run and the control run in February-March. (b) The mean precipitable water (unit: kg:m?) in the
control run and the difference of the precipitable water between the sensitive run and the control
run in February-March. (¢) The difference of temperature lapse rate ~ / (unit: 10K -Pa’') at
500 hPa between the sensitive run and the control run in February-March. Stippled regions are
significant at the 95% confidence level. The black rectangle indicates the warming key regions

corresponding to that in Fig. 1b
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Fig. 9 The mean zonal deviations of geopotential height (contours, the interval is 30gpm) in the
control run and their differences (shading, unit: gpm) between the sensitive run and the control run
at 40°N-70°N in February-March. (a) wave 1 components, (b) wave 2 components, (¢c) wave 3

components. Stippled regions are significant at the 90% confidence level
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A2 FF AT X R 57 H 0 IR E AR R I, B4R B 1 1%k sh I8
BRHIEA (Xieetal., 2012,2020).
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Fig. 10 The EP flux (vectors, unit: m?-s2), EP-flux divergence (shading, unit: m-s'-d"!) and zonal
wind (the interval is 1 m's!, the black solid contours indicate positive values) differences between
the sensitive run and the control run in February-March. (a) the total EP fluxes, (b) EP flux of
wave 1, (c) EP flux of wave 2 and (d) EP flux of wave 3. The divergence anomaly over the
Stippled regions is significant at the 95% confidence level. EP fluxes are normalized by nx6378

km horizontally and by 1000hPa vertically
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Fig. 11 (a) The mean wave-1 amplitudes of the meridional wind ( 1, red curves, unit: m's™') and

temperature (1, blue curves, unit: K) at 100hPa in February-March. (b) the mean absolute values

of phase difference between the meridional wind and temperature of the wave 1 ( 1 — 4, red
curves, unit: ), and the mean cosine values of the phase differences (cos ( 1 — 1), blue curves).

(c) the mean values of 1 qc0s( 1— 1)sin(2 ) (red curves, unit: K-m-s"') and their

difference between the control run and the sensitive run (black curves). (d, e, f) same as (a, b, ¢),

but for wave 3. The dotted curves and solid curves with the same color are corresponding to the
control run and the sensitive run, respectively. The differences between the sensitive run and the

control run over the stippled regions are significant at the 90% confidence level
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