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Introduction

Meteosat Second Generation (MSG) satellites (EUMETRAIN)

Air mass RGB loop from 03:00 UTC - 09:00 UTC, 29 Dec. 2012
Blue — moist polar air

Green — tropical air

Red — dry stratospheric air intrusion (STE)
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Isentropic STE diaghostic

Nakamura, 2007

* diagnosing STE along individual isentropic surface (i.e. isentropic STE, Fs;)

e avertical series of isentropic STE approximately represents its
meridional distribution
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Isentropic STE (colors) w/ zonal wind (contours)

(a) NH STE in WACCM (kg/s/K) o
WACCM (subtropics) 380 ~ T g .130
Whole Atmosphere
Community Climate 360 1.2
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Focus on the NH, as 320 06
SH is similar.
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Month
* Troposphere-to-stratosphere (upward) STE on higher isentropes

(subtropics), stratosphere-to-troposphere (downward) STE on lower
isentropes (extratropics)

 Maximum downward STE occurs on the poleward flank of the
tropospheric jet, and moves seasonally with the jet




When and where STE occurs?

Processes controlling the STE

UTLS Schematic 60°W, Feb 15, 2006
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What cause this spatial distribution of STE?

UTLS Schematic 60°W, Feb 15, 2006
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What cause this spatial distribution of STE?

UTLS Schematic 60°W, Feb 15, 2006

25 T L ! T T
= .
Z 20 ""_""i/
Q - e — . . \/
.g cee T _ |sen'tr.op|c Polar Vortex
g 15 MIXING 400
< 7N
B | —=agp==~ AN X1k ' Tropopause Inversion
p s S B A . Layer (TIL)
4 e
— 7 oy —
Q — — - —
g’ I | éonvecti Cirrus clouds _ £
-l L ¢ ExTL, 'mixing layer’

0l- - =~ _-300. - | baroclinic waves, fronts

0 15 3 45 60 75 90
Latitude (°N) Gettelman et al. 2011



Dynamic Partition — PV Sources

_ aM(Q)‘ STE flux (Fs¢) across a potential vorticity (PV)

F. =
STE EYEIRE tropopause Q is affected by the PV tendency dq/dt.
where M() =f o(-\ds denotes the air mass weighted integration in the
STRATO stratosphere
qd=d4q, *Tqs

e ™~
Isentropic  Differential
Mixing Diabatic Heating aM(Qs)

\ / where F,,, = - oq ‘q=Q

_ . _99 (¢
FSTE_Fmix+Fdia and qs_gag( 6)

. ' O isentropic density
residual d|reCt|y 6 isentropic temperature

component calculated 6 diabatic heating rate




diabatic heating isentropic mixing
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* Upward Fg, vs. downward F_.
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the net flux F¢¢ displays a similar spatiotemporal pattern




F i, & diabatic heating

F __aM(q'S)‘ iy ‘ PV tendency due to
dia 5 g=0 s |4-0 diabatic heating
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F . &isentropic mixing

F KEﬁ
mix equivalent length ratio
isentropic mixing independently assess the extent of mixing
solely on the distortion rate of PV contours

(c) NH Koft
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Consistency in the CMAM

WACCM CMAM
Whole Atmosphere Community Climate Model Canadian Middle Atmosphere Model

(1991-20009, 19-yr control run) (1981-2010, 30-yr control run)
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Summary
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* Upward F,, vs. downward F_.,, yielding downward Fe ¢

* F,,— diabatic heating: positive dg/dt, descending tropopause height

* F_. —isentropic mixing: negative dq/dt, ascending tropopause height




