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The evolution of temperature and static stability during a 
sudden stratospheric warming event (2009) 

The sharpness of the tropopause and upper 
tropospheric circulation 
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Top	   two	   panels:	   Evolu9on	   of	   75°N-‐90°N	   averaged	   temperature	   	   and	   sta9c	   stability	   (N2)	  
anomalies	   during	   the	   2009	   sudden	   stratospheric	   warming	   event.	   The	   anomalies	   are	  
calculated	  by	   subtrac9ng	   the	  25	  day	  mean	   from	   	   the	  area	  averaged	  quan99es.	  BoLom:	  
9me	  series	  of	  maximum	  N2	  in	  the	  3	  km	  layer	  above	  the	  tropopause.	  

The	  extratropical	   lowermost	  stratosphere	   is	  characterized	  by	  a	   temperature	   inversion	  and	  a	  
sharp	  maximum	   in	   sta4c	   stability	   in	   a	   shallow	   layer	  directly	   above	   the	   thermal	   tropopause.	  
The	  feature,	   	  referred	  to	  as	  the	  tropopause	  inversion	  layer	  (TIL),	  is	  present	  in	  all	  seasons	  and	  
shows	  in	  the	  global	  zonal	  average	  in	  tropopause-‐based	  coordinates.	  	  	  
	  
Older	  data	  assimila4on	  systems	  were	  unable	  to	  represent	   the	  TIL	  correctly	  due	  to	  excessive	  
ver4cal	  smoothing.	  However,	  more	  recent	  analyses	  generate	  realis4c	  temperature	  and	  sta4c	  
stability	  profiles	  near	   the	  tropopause,	  which	  are	   in	  good	  agreement	  with	   independent	  high-‐
resolu4on	  data,	   such	  as	   from	   radiosonde	  observa4ons.	   This	  mo4vates	   the	  use	  of	   reanalysis	  
data	  sets	  in	  scien4fic	  studies	  of	  the	  TIL.	  

Distribu9ons	   of	  maximum	  N2	   between	   in	   the	   3	   km	   layer	   above	   the	   tropopause	   	   from	  
High	   Resolu9on	   Dynamics	   Limb	   Sounder	   (HIRDLS	   on	   NASA’s	   Aura	   satellite),	   	   full	  
assimila9on,	  free-‐running	  model	  and	  AMSU-‐only	  assimila9on,	  45°N	  -‐	  75°N	  	  

Sensitivity to the observing system 
The	  TIL	  in	  the	  
AMSU-‐only	  is	  
weaker	  than	  in	  
the	  model	  

Full	  assimila4on	  
reproduces	  the	  
distribu4on	  of	  N2	  
reported	  by	  	  
HIRDLS	  	  very	  well	  	  

These	  data	  withholding	  experiments	  show	  that	  the	  full	  assimila4on	  experiment,	  which	  
uses	  high	  spectral	  resolu4on	  AIRS	  data	  leads	  to	  the	  best	  agreement	  with	  observa4ons.	  
The	   use	   of	   hyperspectral	   radiance	   data	   and	   conven4onal	   observa4ons	   is	   cri4cal	   for	  
the	  correct	  representa4on	  of	  near-‐tropopause	  sta4c	  stability	  in	  assimila4on.	  	  

 
•  This	   MERRA-‐2	   study	   confirms	   that	   sta2c	   stability	   in	   the	   lowermost	   polar	  

stratosphere	  increases	  during	  stratospheric	  sudden	  warming	  events	  	  
•  Assimila2on	  of	  hyperspectral	  data	  is	  cri2cal	  –	  older	  reanalysis	  did	  not	  reproduce	  

the	  near-‐tropopause	  stability	  structure	  correctly	  

•  Work	  in	  progress:	  
o  Detailed	  scien2fic	  analysis	  of	  processes	  involved	  
o  Poten2al	  impacts	  on	  the	  high-‐la2tude	  winter	  circula2on	  in	  the	  troposphere	  

The	  60°N-‐86°N	  spa9al	  distribu9ons	  of	  N2	  maximum	  in	  the	  northern	  high	   la9tudes	  on	  two	  
selected	  days	  before	  (le])	  and	  a]er	  (right)	  the	  warming	  occurred	  (colors).	  Overlaid	  are	  the	  
contours	   of	   rela9ve	   vor9city	   at	   the	   tropopause.	   Regions	   of	   cyclonic	   and	   an9cyclonic	  	  
circula9on	  are	  shown	  as	  blue	  and	  red	  contours,	  respec9vely.	  The	  units	  of	  rela9ve	  vor9city	  
are	  10-‐5s-‐1.	  
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Objective 
We	   study	   the	   sta4c	   stability	   structure	   of	   the	   polar	   tropopause	   during	   a	   major	   sudden	  
stratospheric	   warming	   (SSW)	   event	   that	   occurred	   in	   January	   2009.	   Major	   SSW	   events	   are	  
large-‐scale	  disturbances	  of	  the	  winter4me	  polar	  circula4on	  in	  the	  stratosphere,	  characterized	  
by	  a	  weakening	  of	  the	  zonal	  winds	  over	  the	  pole	  and	  a	  reversal	  of	  the	  meridional	  temperature	  
gradient.	  
	  
Several	  studies	  done	  in	  the	  past	  few	  years	  noted	  that	  sta4c	  stability	  of	  the	  polar	  tropopause	  
increases	  during	  the	  onset	  of	  SSWs,	  leading	  to	  a	  sharper	  TIL	  in	  the	  northern	  high	  la4tudes	  but	  
the	  phenomenon	  has	  not	  yet	  been	  studied	  in	  detail.	  

Method: an application of the MERRA-2 reanalysis 
Modern	   Era	   Retrospec4ve	   Analysis	   for	   research	   and	   Applica4ons	   -‐	   2	   (MERRA-‐2)	   is	   the	  
latest	  	  soon-‐to-‐be	  released	  reanalysis	  of	  the	  satellite	  are	  data	  produced	  by	  NASA’s	  GMAO.	  	  	  
Features	  of	  MERRA-‐2	  relevant	  to	  this	  study:	  
•  High	  ver2cal	  resolu2on	  data	  

ü  All	  available	  hyperspectral	  radiance	  data	  
ü  GPS	  radio	  occulta4on	  observa4ons	  
ü  Radiosonde	  and	  aircraY	  measurements	  

•  Model	  
ü  State	  of	  the	  art	  Ganymede	  GCM	  on	  a	  cubed	  sphere	  grid	  
ü  Ver4cal	  resolu4on	  is	  ~1	  km	  in	  the	  lower	  stratosphere	  
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	  13th	  JCSDA	  Technical	  Review	  &	  Science	  Workshop	  on	  Satellite	  Data	  Assimila2on,	  College	  Park,	  MD	  May	  2015	  	  	  

ScaLer	   plot	   of	   78°N-‐88°N	   rela9ve	   vor9city	   at	  
the	  tropopause	  vs.	  the	  maximum	  sta9c	  stability	  
in	   the	   3	   km	   layer	   above	   the	   tropopause	   for	   15	  
days	  before	  (blue)	  and	  15	  days	  a]er	  the	  onset	  of	  
the	  SSW	  (black).	  

Consistent	   with	   previous	   studies	  
[Wir th	   2004 ]	   we	   find	   t ha t	  
an4cyclonic	   circula4on	   at	   the	  
tropopause	   favors	   high	   sta4c	  
stabi l i ty	   direct ly	   above:	   the	  
distribu4on	  of	  N2	  maximum	  is	  highly	  
an4cor re l a ted	   w i th	   re l a4ve	  
vor4city.	   This	   remains	   true	   under	  	  
SSW	  condi4ons.	  	  

Associated	   with	   the	   SSW	   is	   a	   descent	   of	   posi4ve	   temperature	   anomalies	   in	   the	  
northern	   high	   la4tudes.	   Consistently,	   increased	   sta4c	   stability	   develops	   along	   the	  
lower	   edge	   of	   the	   temperature	   disturbance	   and	   reaches	   the	   tropopause	   within	  
several	  days	  from	  the	  beginning	  of	  the	  SSW.	  
The	  maximum	   sta4c	   stability	   in	   a	   shallow	   layer	   above	   the	   tropopause	   increases	   by	  
over	  1×10-‐4s-‐1	  (>20	  %).	  	  

Sharpening	  of	  the	  tropopause	  

Main Results 

Introduction 

Summary and ongoing work 
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