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Abstract The sensitivity of the extratropical jet to the stratospheric mean state is investigated by
conducting a series of idealized numerical experiments using a dynamic-core general circulation
model. When the polar stratosphere is forced to be cold, the extratropical jet, defined by the 850-
hPa zonal wind, tends to shift poleward without much change in its intensity. The opposite is also
true when the polar stratosphere becomes warm. This jet response, however, is not exactly linear.
A poleward jet shift under a cold vortex is much weaker than an equatorward jet shift under a
warm vortex. The jet intensity change is also larger under a warm vortex. This result indicates that
the stratosphere-troposphere downward coupling is more efficient for the warm and weak polar
vortex. This finding is consistent with a stronger downward coupling during stratospheric sudden
warming than vortex intensification events in the Northern Hemisphere winter, possibly providing
a clue to better understand the observed stratosphere-troposphere downward coupling.
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FoRY S A&t B2 £9 4T R30
(Rhomboidal 30), 1% == AlZvl(sigma) &
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2] AES} AFMAEL] AEE vlwalr] @,
£ AFdX = GEIGH AN AlF3H= Japanese 55-
year Reanalysis (JRA-55) €3¢ 7] ¥ SAukg =}
EE ARE-3FtHKobayashi et al., 2015). 1958 3+-E]
201997141 & 62119 19 ARE &8st FojA S
A otdr % FE AES] 7|3 vl 48t
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Fig. 1. (a) Profile of the radiative equilibrium temperature, T,

latitude (°)

latitude (°)
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temperature (K)

o> for the control experiment (solid contours; contour interval of 10

K) and the added cooling for ‘C4’ experiment (dashed contours; contour interval of 5 K). (b) Time-mean zonally-averaged
zonal wind (contours; contour interval of 10 m s™') and temperature (shaded) in the control experiment. (c) Same as (b) but for
JRA-55 over Atlantic (85°W-0°) averaged from 1958 to 2019 in January.
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Fig. 2. Time-mean zonally-averaged temperature (contours) for each experiment and its difference from control experiment
(shaded). Contour intervals are 10 K.
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RIHAo Y, A AEHE HO T4 Ax= IA CTLoME 60"N 2o Y9x5 10-hPa A =&
H3EkA] gt o] 9IX7F W5ollME 40N 27k HE e 2

7t Aol wed e TH W7 ARH mh S WTHFigs. 1b, 3j). MRS AnHoR dH &
ANA R F2 B2 40° o] FolA] YERATH(Figs. 3b, o] Walel dAHA ¥ gPo = Ay
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Fig. 4. (a) Zonally-averaged temperature at 30-hPa for C5, C3, CTL, W3, and W5 and (b) its difference from CTL. Same for
(c) zonally-averaged zonal wind at 10-hPa and (d) its difference from CTL, and (e) zonally-averaged zonal wind at 850-hPa and
(f) its difference from CTL. (c, €) Only wind over 0 m s™' is shown. (d, f) Dashed lines denote the latitude of maximum zonal
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hPa % 850-hPa FA <+ FAulS 30-hPa 5413
o 7123} 37 Fig. 4 JeRAch Ao mE v
< B FAF o E #Is7] 3l C5, €3, W3 g
2 W59 vl Jhe] A¥uke CTL ¥|wskitt 30-
hPa 7|2 Hsle SA WA 71 F=dAH, s
A5H 7HEel Astgd wat ¢F 175.5 KollA] 229.5K
7] Zds Stk (Fig. 4a). ol 712 5oz <3
W39} WsolA GEWE 72 AxrF QAEE AE
g1 & vk M), 58], Wz 2 ke AE
oMo AEd 7]eWEE CTLHS o)z By o
A Fig. 2014 Yelgd w34 7] wkgo] 1o}
A gEd. Wz ddde 289 AT,,0H
AR o] 712 Aavt gl whd, 71E A
oME ZHE AT, Ht & 712 S7P7F 1= AT
(Fig. 4b). o2 B9, AT, 7t < —25KS C5olx&
T A& 71L& w3 =3 oF 261 Ke® YEh
ATi”F 25K21 W5 Ao e = A3 7] ¥}
£ oF 289K 7IHo® HU} IA yehdt) o)y &
Al Fig. 2014 Yepd 23 8ol 93 & 71 A
% 2342 =39t

AEd 712 HIF 29wl FEHA A &
g, 454 v Wsle dddoz v 9x
(60°N -2yl A FElgk zpo]l& B SATH(Figs. 4c, d).
C59lA W= &% Ao 7td gl wel, 60°N
2 A= vlgEe £ oF 1053 m sl 122m
sHA Aage gl = UTHFig. 4c). BTk A
oz Avum, W7zt dgores AT,,0l Haghol
wE} WAl T4 Ui EelE B 34
o] Yyelt= $1=& CTL3Y} vlaste] & xpel7F $ld
thaeAl A Fig. 4c). WHA, 719 Ao E ATy,
7F S7kstel Wl 60°N F22] F&o] 7ZAad it
oflz}, slld F&o] O E A= (@0N F)H
o ksl R o] H FE9 S1XI7F 60°NellA 40°N
F2o2 F45 viA He 2e AT 5 3
(Fig. 4co] w7Ha M), 53], b AE3} dB=A
Wzb A3 Boh 71d Ao AEE F&0] ¢ A
Al Wske Bt ve-S 818 4 Ath(Fig. 4d). C3
o} Wie Aol F& 3l AxAbelo] F 5.im 59
2po]E Kol C59F W5 ¢F 1.7m s'& xpo)7} &
AATE 3] ¥t A Q] vhgo] YepdS & )
o} o]E% S AE5He] 7L 2 Wk et A
W 713 52 vUHFoE weet e
IR =

S S5 71 WHEk A e Ui S9=

sh27)a3E] Ui 7] A|319 25 (2021)

78 35 Hde] 9= AE) vA= G o etEe] 1wy HY

AEe] vhe T3t 45U F AgEo] gAY 71
Aol dhgo] Hdudez Wzt Adxng o IA
Eltth(Figs. 4e, f). W AgddAM= AT, 7t F4E
o Wt = AEZ} CTLY AERTE 195l
YEPdth(Fig. 4e] gt ). wkd, 7HE Agle] 5
A= AEE AT, 7t E71skHA] CTLEY 22 73=7}
Z7¥she, Bk A9 9XETh(Fig. 4eo] W7
). ¥z e FHE AES 9% FH(polar
flank)oll A 9] 34 7338} 2 A 9= =W(tropical flank)
X 9] F& oFshrt VR O™ (Fig. 4fe] b Ad),
W2 G A A= SHA e T4 oF
3} 2 A9 ZHoM ] T4 7kt ERlE A th(Fig.
4fe] W7 M), olw], tiFH AES A% SHe|
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