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What else affects the ozone record? 

•  Seasonal	
  cycle	
  
•  11-­‐year	
  sunspot	
  cycle	
  
•  Quasi-­‐biennial	
  oscilla8on	
  

(internal	
  variability	
  with	
  
26-­‐27	
  month	
  period)	
  

•  El	
  Nino	
  Southern	
  oscilla8on	
  
(ENSO)	
  	
  

•  Volcanoes	
  

2	
  



Atmospheric	
  Chemistry	
  Lecture	
  14	
  

Background	
  sulfate	
  aerosol	
  layer	
  

•  Why	
  sulfate?	
  

–  Condenses	
  to	
  liquid	
  at	
  higher	
  
temperature	
  than	
  H2O,	
  HNO3,	
  HCl	
  

•  Where	
  does	
  it	
  come	
  from?	
  

–  Carbonyl	
  Sulfide	
  (OCS)	
  is	
  a	
  natural	
  
source	
  

–  OCS	
  +	
  hν	
  (λ	
  <	
  296	
  nm)	
  	
  CO	
  +	
  S	
  

•  How	
  is	
  S	
  converted	
  to	
  H2SO4	
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Boiling	
  point/Condensa8on	
  temperature	
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Boiling	
  point:	
  	
  	
  Sulfuric	
  acid	
  	
  310	
  oC	
  at	
  STP	
  
	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Nitric	
  acid	
  120	
  oC	
  at	
  STP	
  
	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Water	
  vapor	
  100	
  oC	
  at	
  STP	
  

	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Water	
  vapor	
  45oC	
  at	
  50	
  hPa	
  

Sulfuric	
  acid	
  condenses	
  before	
  nitric	
  
acid	
  or	
  water	
  vapor	
  

Mixtures	
  condense	
  at	
  somewhat	
  
different	
  temperatures	
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Sulfate	
  aerosols	
  tend	
  to	
  have	
  
small-­‐sized	
  par8cles	
  (<	
  1	
  micron)	
  

5	
  



Atmospheric	
  Chemistry	
  Lecture	
  14	
  
6	
  

w	
  ~	
  .01	
  cm/sec	
  

~	
  .01	
  km/day	
  

for	
  0.5	
  μ	
  parBcles	
  
	
  at	
  20	
  km	
  

=	
  

=	
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Volcanoes	
  can	
  add	
  sulfur	
  to	
  the	
  stratosphere	
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Halemaumau	
   Redoubt	
   St.	
  Helens	
  

Katmai	
   Pinatubo	
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Many	
  possible	
  effects	
  of	
  explosive	
  volcanoes	
  that	
  
inject	
  material	
  directly	
  into	
  the	
  stratosphere	
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Mechanism	
  by	
  which	
  volcanic	
  sulfur	
  impacts	
  
stratospheric	
  ozone	
  

•  N2O5	
  is	
  formed	
  at	
  night	
  by	
  

	
  	
  	
  NO2	
  +	
  NO3	
  +	
  M	
  	
  N2O5	
  +	
  M	
  
•  N2O5	
  reacts	
  on	
  the	
  surface	
  of	
  sulfate	
  aerosols	
  

	
  	
  	
  N2O5	
  +	
  H2O	
  	
  2	
  HNO3	
  
•  NOx	
  decreases:	
  ozone	
  loss	
  decreases	
  

•  Chlorine	
  nitrate	
  produc8on	
  decreases:	
  ClOx	
  increases:	
  
ozone	
  loss	
  increases	
  

•  HO2	
  +	
  NO	
  decreases:	
  HOx	
  loss	
  increases:	
  ozone	
  loss	
  
increases	
  

Compe8ng	
  effects	
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Impact	
  of	
  Pinatubo	
  on	
  Stratospheric	
  Ozone	
  Chemistry	
  
(at	
  least	
  according	
  to	
  a	
  model	
  calcula8on)	
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Ozone	
  Loss	
  Rates	
  due	
  to	
  Pinatubo	
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Calculated	
  Ozone	
  Change	
  due	
  to	
  Pinatubo	
  
March,	
  1992	
  (9	
  months	
  ader	
  erup8on)	
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Time	
  dependence	
  of	
  ozone	
  at	
  50N	
  ader	
  
Pinatubo	
  erup8on	
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Model	
  calcula8on	
  of	
  Pinatubo	
  effect	
  on	
  ozone	
  
at	
  low	
  chlorine	
  amount	
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What else affects the ozone record? 

•  Seasonal	
  cycle	
  
•  11-­‐year	
  sunspot	
  cycle	
  
•  Quasi-­‐biennial	
  oscilla8on	
  

(internal	
  variability	
  with	
  
26-­‐27	
  month	
  period)	
  

•  El	
  Nino	
  Southern	
  oscilla8on	
  
(ENSO)	
  	
  

•  Volcanoes	
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Historical	
  Volcanic	
  Erup8ons	
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Atmospheric	
  transmission	
  
measured	
  at	
  Mauna	
  Loa	
  

Recent	
   Last	
  400	
  years	
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Much	
  larger	
  erup8ons	
  have	
  occurred	
  in	
  the	
  past	
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Traps	
  are	
  sites	
  of	
  great	
  lava	
  
flows	
  that	
  are	
  termed	
  Large	
  
Igneous	
  Provinces	
  (LIPS)	
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Deccan	
  Traps	
  

Siberian	
  Traps	
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Some	
  provoca8ve	
  sugges8ons	
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Are	
  Large	
  Igneous	
  Provinces	
  (LIPS)	
  
responsible	
  for	
  mass	
  exBncBons?	
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Some	
  provoca8ve	
  sugges8ons	
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Some	
  provoca8ve	
  sugges8ons	
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