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Interannual variation of zonal mean state and mean meridional circulation
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Motivation: Summary . L . . . .
L *The zonal mean climate variability associated with ENSO and its formation
Trend of mass streamfunction in DJF . . . . . . .
oDEsiow s ODEESDF RN mechanism are investigated In relation to wave-mean flow interactions
o N MiskalsioaiN| ™\ using reanalysis datasets.
w] | 0. Narrowing of the Hadley circulation, strengthening of the extra-tropical

w) = direct circulation, and consistent modulation of the EP flux divergence are
sl w0l confirmed as features of the ENSO signal.
oo L
*Meridional circulation trend pattern in JRA-55 is *The wave propagation modulations in the mid latitude lower troposphere
different from that in ERA-Interim. are probably induced by baroclinicity modulation in the subtropical lower
Trend of EP-flux divergence in DJF troposphere. They contribute to enhancing the extratropical meridional
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| - EP flux divergence signal in the subtropics upper troposphere, and the EP
BN/ e flux in the mid-latitude indicates poleward propagation anomalies in the

upper troposphere.
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‘EPED trend in JRA-E5 is similar to that in ERA-interim *This anomaly contributes weakening of the equatorward wave propagation,
o | o | | narrowing of the Hadley circulation and to maintenance of westerly wind
Diificult to explain meridional circulation trend by strengthening on the equatorward flank of the subtropical jet.
wave Interaction trend. How Is the ENSO signal?
Data and Method Result : ENSO signal of zonal mean field and mean meridional circulation
*Atmospheric reanalysis: . . L
JRA-55[Kobayashi et al., 2015] JFM mean Zonal mean anomalies regressed on to the JFM mean I.\IINO?:»lloncle)_(1 (thick Ilng),_
ERA-Interim[Dee et al., 2011], Zonal mean temperature (K)  zonal wind (m s Mass streamfunction (10°%kg s™) x=zracosg [ oo
Climatology period: 1981-2010 70-171_ r‘ m \WK{ - [IRA=55 [ | 70'JRA"55 ' 7o EFA-Interim
*Residual mean-meridional circulation o o3¢ ol ot | B T i
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eStatistical period: 1979-2016 Shading :95% significance level of the t statistic. Zero contours of regression are omitted.
*Warming in the upper- «Strengthening of the upper ~ *Narrowing of Hadley cell -
oy tropical troposphere flank of the subtropical jets Enhancing the extratropical meridional
F=apgycosg * 1 0P . .
| l(u'wf') b o] | circulation |
Climatology over NH Z* 6m -2y Mass streamfunc estimated Mass streamfunc estimated
EP flux and EPFD(3x10°m s) P
EP flux and EPFD(10%m s-2) from EPFD (10%g s1) EP flux and EPFD(3x10°m s) from EPFD (10%%g s-1)
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Discussion : Why does the EPFz increase in mid-latitude lower troposphere?

i INICI Baroclinicity (Eady growth rate Maximum) 1 u —Uu
Relation between upward EPFz anomaly and baroclinicity (Hoskins and Valdes, 1990) g — 0.31—\f\( 500 — Ugs0)
N~ (Zs00 — Zgs0)

Regression of baroclinicity

Regression of baroclinicity =~ Regression of EPFz at 850hPa
(Zonal mean) on to NINO3 onto NINO3

regression of baroclinicity on to
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Climatological baroclinicity (JFM) *ENSO signal of baroclinicity Is large in subtropics.
90N > . u . .
| e Regression of baroclinicity These relation suggest following process is working.
son FRR ST N z1(V-shear vs stability) 1. Meridional thermal gradient is enhanced in subtropics during
— X ' ENSO warm phase.
7 2. Baroclinicity increases in subtropics lower troposphere.
Solid. vertical wind shear - : : :
=Y . Dash: static stability 3. Barocllmq wave Is growing in 30N-40N and_ propag_ate u_pward.
0  60E 120E 180 120W 60W 0 o5 s s Ea 3N GN 90N 4. EP-flux divergence anomalies are created in the mid latitude.
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