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Temperature	
  Structure	
  of	
  the	
  Atmosphere	
  

h⌫ +O3 ! O2 +O + k.e.

Kine%c	
  energy	
  shared	
  
with	
  other	
  molecules	
  by	
  
collision;	
  leads	
  to	
  
hea%ng	
  of	
  stratosphere	
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Photon	
  Energe;cs	
  

E(energy) = h⌫ =
hc

�

� =
hc

E

hc = 6.6 · 10�27(erg sec) · 3 · 108(cm sec�1) = 1.98 · 10�18(erg cm)

hc =
1.98 · 10�18(erg cm)

1.6 · 10�12(erg/eV )
= 1.24 · 10�6(eV cm) = 1240(eV nm)

310	
  nm	
  photon	
  =	
  ~	
  4	
  eV	
  energy	
  
1	
  eV	
  =	
  23	
  kCal/mol	
  

1	
  eV	
  =	
  96	
  kJ/mol	
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Ozone	
  Photodissocia;on	
  vs	
  Wavelength	
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Ozone	
  Enthalpy	
  of	
  forma%on	
  
(bond	
  strength)	
  =	
  143	
  kJ/mol	
  
=	
  ~1.5	
  eV/molecule	
  

Needs	
  wavelength	
  of	
  about	
  
800nm	
  (near	
  IR)	
  for	
  
photodissocia%on.	
  	
  Chappuis	
  
bands	
  dissociate	
  ozone	
  in	
  the	
  
visible,	
  but	
  are	
  forbidden	
  
transi%ons	
  with	
  small	
  cross	
  
sec%on.	
  

4	
  eV	
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Hea;ng	
  vs	
  Al;tude	
  

Lyman α

Schumann-Runge
Continuum

Schumann-Runge
Bands

Herzberg
Continuum

Hartley
Bands

Huggins
Bands

Chappuis
Bands

O3

O2

10

10

10

10

10

10

10

10

10

10

-16

-17

-18

-19

-20

-21

-22

-23

-24

-25

Cr
os

s 
Se

ct
io

n 
(c

m
  )2

Wavelength (nm)
100 200 300 400 600 800

Ionization
Continuum

Molecular Oxygen and Ozone Cross Sections



Atmospheric	
  Chemistry	
  Lecture	
  10	
  

Maximum	
  Hea;ng	
  Near	
  1	
  hPa;	
  
Well	
  Above	
  the	
  Ozone	
  Maximum	
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Mean vertical distribution of
ozone from ozone sondes 

for Fall (Oct−Nov) for 
various latitudes
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AlBtude	
  of	
  peak	
  
heaBng	
  by	
  ozone	
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Two-­‐dimensional	
  atmospheric	
  
temperature	
  structure	
  

Cold	
  tropical	
  
tropopause	
  

Cold	
  winter	
  polar	
  
lower	
  stratosphere	
  

Warm	
  summer	
  
stratopause	
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January	
  Temperature	
  Structure	
  

Warm	
  Winter	
   Cold	
  Winter	
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July	
  Temperature	
  Structure	
  

Warm	
  Winter	
   Cold	
  Winter	
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Stratospheric	
  Heat	
  Balance	
  Equa;on	
  

@T

@t
+ Transport of heat = Heating(O3)� Cooling(CO2)

Cooling	
  oRen	
  approximated	
  by	
  linear	
  
response	
  propor%onal	
  to	
  temperature	
  

Cooling	
  =	
  aT	
  +b	
  

where	
  a	
  has	
  units	
  of	
  inverse	
  %me	
  with	
  1/a	
  of	
  
the	
  order	
  of	
  a	
  few	
  days	
  to	
  a	
  week	
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Model	
  Calcula;on	
  of	
  Temperature	
  Change	
  

Temperature Change (oC) 1960-2100
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Stratosphere Cools

Troposphere Warms

Why	
  does	
  the	
  troposphere	
  warm	
  while	
  the	
  stratosphere	
  cools	
  
with	
  the	
  addi%on	
  of	
  CO2	
  to	
  the	
  atmosphere?	
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Stratospheric	
  Cooling:	
  CO2	
  IR	
  Bands	
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Observed	
  IR	
  Spectrum	
  at	
  Top	
  of	
  Atmosphere	
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Response	
  of	
  Outgoing	
  Radia;on	
  to	
  Increased	
  CO2	
  

λ	
  =	
  15	
  μ	
  

Outgoing	
  radia%on	
  from	
  troposphere	
  has	
  
absorp%on	
  feature	
  from	
  15μ	
  CO2	
  band.	
  	
  In	
  
stratosphere,	
  collisions	
  repopulate	
  the	
  
excited	
  state	
  (CO2)	
  bending	
  mode,	
  which	
  can	
  
then	
  radiate	
  upward	
  to	
  space,	
  leading	
  to	
  a	
  
decrease	
  in	
  the	
  energy	
  locally.	
  


