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Isentropic	  STE	  diagnos+c	  
Nakamura,	  2007	  
•  diagnosing	  STE	  along	  individual	  isentropic	  surface	  (i.e.	  isentropic	  STE,	  FSTE)	  
•  a	  ver+cal	  series	  of	  isentropic	  STE	  approximately	  represents	  its	  

meridional	  distribu+on	  
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Isentropic	  STE	  (colors)	  w/	  zonal	  wind	  (contours)	  
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9•  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	  

(subtropics)	  

(pole)	  

WACCM	  
Whole	  Atmosphere	  
Community	  Climate	  
Model	  (1991-‐2009,	  
19-‐yr	  control	  run)	  
Focus	  on	  the	  NH,	  as	  
SH	  is	  similar.	  



When	  and	  where	  STE	  occurs?	  
Processes	  controlling	  the	  STE	  

Gettelman et al. 2011 



What	  cause	  this	  spa+al	  distribu+on	  of	  STE?	  

Gettelman et al. 2011 

convec+on	  
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What	  cause	  this	  spa+al	  distribu+on	  of	  STE?	  
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isentropic	  density	  
isentropic	  temperature	  
diaba+c	  hea+ng	  rate	  

Dynamic	  Par++on	  –	  PV	  Sources	  

!q = !qκ + !qS

FSTE = Fmix +Fdia

Differen+al	  
Diaba+c	  Hea+ng	  

Isentropic	  
Mixing	  

FSTE = −
∂M !q( )
∂q q=Q

where	  

!qS =
q
σ

∂
∂θ

σ !θ( )

Fdia = −
∂M !qS( )
∂q q=Q

and	  

directly	  
calculated	  	  

residual	  
component	  

σ
θ
!θ

STE	  flux	  (FSTE)	  across	  a	  poten+al	  vor+city	  (PV)	  
tropopause	  Q	  is	  affected	  by	  the	  PV	  tendency	  dq/dt.	  

M ⋅( ) = σ ⋅( )dS
STRATO∫ denotes	  the	  air	  mass	  weighted	  integra+on	  in	  the	  

stratosphere	  	  	  
where	  



Fdia	  and	  Fmix	  
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(subtropics)	  

(pole)	  

•  Upward	  Fdia	  vs.	  downward	  Fmix	  
•  Large	  cancella+on	  

Fdia	  
diaba+c	  hea+ng	  	  
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FSTE	  and	  Fmix	  

•  Fdia	  <	  Fmix,	  the	  net	  flux	  FSTE	  displays	  a	  similar	  spa+otemporal	  pahern	  
as	  Fmix	  	  
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(subtropics)	  

(pole)	  
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Fdia	  &	  diaba+c	  hea+ng	  
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Fdia = −
∂M !qS( )
∂q q=Q ∝ !qS q=Q

•  Strong	  dqS/dt	  <-‐>	  strong	  Fdia	  

PV	  tendency	  due	  to	  
diaba+c	  hea+ng	  

(subtropics)	  

(pole)	  

Fdia	  
diaba+c	  heaitng	  

grey	  shades:	  underworld,	  no	  STE	  zone	  
contours:	  zonal	  winds	  

dq/dt	  
diaba+c	  hea+ng	  



Fmix	  &	  isentropic	  mixing	  
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•  Strong	  mixing	  <-‐>	  strong	  Fmix	  
•  Poleward	  flank	  of	  jet:	  weak	  winds,	  strong	  mixing,	  and	  strong	  Fmix	  
•  Jet	  core:	  strong	  winds,	  weak	  mixing,	  and	  weak	  Fmix	  

(subtropics)	  

(pole)	  

Fmix	  
isentropic	  mixing	  

grey	  shades:	  underworld,	  no	  STE	  zone	  
contours:	  zonal	  winds	  

κeff	  
equivalent	  length	  ra+o	  

independently	  assess	  the	  extent	  of	  mixing	  
solely	  on	  the	  distor+on	  rate	  of	  PV	  contours	  



Consistency	  in	  the	  CMAM	  
CMAM	  
Canadian	  Middle	  Atmosphere	  Model	  
(1981-‐2010,	  30-‐yr	  control	  run)	  
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Fdia	  
diaba+c	  hea+ng	  	  

FSTE	  
net	  flux	  	  

Fmix	  
isentropic	  mixing	  

WACCM	  
Whole	  Atmosphere	  Community	  Climate	  Model	  

(1991-‐2009,	  19-‐yr	  control	  run)	  
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Equator	   Pole	  

FSTE	  
θ	  

θ+Δθ	  

θ-Δθ	  

Fmix	  

Fdia	  

Low	  q	  

High	  q	  

•  Upward	  Fdia	  vs.	  downward	  Fmix,	  yielding	  downward	  FSTE	  
•  Fdia	  –	  diaba+c	  hea+ng:	  posi+ve	  dq/dt,	  descending	  tropopause	  height	  
•  Fmix	  –	  isentropic	  mixing:	  nega+ve	  dq/dt,	  ascending	  tropopause	  height	  

Summary	  


