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Pressure = 4 hPa
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Pressure = 12 hPa
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Pressure = 22 hPa
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Pressure = 0.7 hPa
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Pressure = 2.2 hPa
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Photolysis	  vs	  Hea.ng	  contribu.ons	  

Ozone	  Sensi.vity	  
vs	  Wavelength	  
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•  Below	  242	  nm	  
–  hν	  +	  O2,	  O3	  	  	  	  JO2	  and	  JO3	  increase	  

–  JO2	  produces	  odd	  oxygen	  and	  dominates	  

•  Above	  242	  nm	  
–  hν	  +	  O3	  	  	  	  JO3	  increase	  

–  More	  O	  atoms	  	  increased	  ozone	  loss	  

–  hν	  +	  O3	  	  	  O(1D)	  increase	  	  HOx	  increase	  	   	   	  increase	  
ozone	  loss	  

End	  result	  depends	  on	  rela.ve	  amount	  of	  solar	  cycle	  	  
varia.on	  above	  and	  below	  242	  nm	  

•  Direct	  hea.ng	  
–  hν	  +	  O2,	  O3	  	  	  	  T	  increase	  
–  speeds	  ozone	  loss	  reac.ons	  	  O3	  decrease	  

•  Photolysis	  
–  hν	  +	  O2	  produces	  O3	  	  O3	  increase	  
– More	  O3,	  more	  hea.ng	  	  T	  increase	  

Same	  direc.on	  for	  temperature	  
Opposite	  direc.on	  for	  ozone	  

Wavelength	  Dependence	  of	  Ozone	  Response	  
as	  a	  Func.on	  of	  Al.tude	  
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☐	 	 Solar	  cycle	  temperature	  change	  has	  equal	  (approximately)	  contribu.ons	  
from	  direct	  hea.ng	  and	  from	  ozone	  change	  due	  to	  photolysis.	  

☐	  	  Solar	  cycle	  ozone	  change	  is	  dominated	  by	  contribu.on	  due	  to	  photolysis	  
(Chemistry	  Transport	  Models	  get	  it	  about	  right)	  

☐	 	 Radia.on	  shortward	  of	  242	  nm	  causes	  ozone	  to	  change	  in	  phase	  with	  solar	  
cycle	  through	  ozone	  produc.on	  by	  photolysis	  of	  O2.	  

☐	  	  Radia.on	  longward	  of	  242	  nm	  causes	  ozone	  to	  change	  out	  of	  phase	  with	  solar	  
cycle	  through	  the	  enhanced	  ozone	  loss	  from	  O	  atoms	  produced	  by	  photolysis	  of	  O3.	  

☐	  	  Expected	  solar	  signal	  in	  upper	  stratosphere	  depends	  on	  SSI	  varia.on	  with	  
wavelength	  

☐	  	  Wavelength-‐dependent	  sensi.vi.es	  of	  ozone	  to	  UV	  change	  can	  be	  used	  to	  
understand	  the	  al.tude	  profile	  of	  ozone	  change	  expected	  over	  a	  solar	  cycle.	  	  	  

☐	  	  The	  sensi.vi.es	  can	  be	  used	  to	  construct	  ozone	  profile	  change	  due	  to	  arbitrary	  (small)	  
changes	  in	  solar	  UV.	  

SSI	  Difference:	  Solar	  Min	  to	  Solar	  Max	  
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☐	  	  The	  studies	  on	  wavelength	  dependence	  of	  ozone	  change	  over	  a	  solar	  cycle	  
is	  mo.vated	  by	  the	  remarkably	  different	  reconstruc.on	  of	  the	  11-‐year	  solar	  UV	  
varia.on	  put	  forward	  by	  Harder	  et	  al.	  (2009)	  based	  on	  6	  years	  of	  SORCE	  data	  
compared	  to	  the	  previous	  reconstruc.on	  by	  Lean	  (2000)	  based	  on	  30+	  years	  of	  
data	  from	  mul.ple	  satellite	  instruments.	  	  	  
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Calcula.ons	  with	  GSFC	  2D	  Interac.ve	  Model	  

SSI	  =	  Solar	  Spectral	  Irradiance	  


