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This	
  talk	
  was	
  originally	
  prepared	
  by	
  Mary	
  Lou	
  Zeeman	
  for	
  a	
  lecture	
  to	
  the	
  Coastal	
  Studies	
  for	
  Girls	
  residen?al	
  high	
  school	
  in	
  Freeport,	
  Maine,	
  
in	
  2010.	
  	
  It	
  has	
  been	
  modified	
  slightly	
  since	
  then	
  but	
  remains	
  the	
  same	
  in	
  spirit.	
  	
  Feel	
  free	
  to	
  use	
  it.	
  	
  Please	
  make	
  sure	
  to	
  credit	
  sources	
  of	
  
informa?on	
  and	
  images.	
  



We’re	
  going	
  to	
  focus	
  on	
  global	
  mean	
  temperature	
  
(mean	
  over	
  planet	
  and	
  over	
  a	
  year)	
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Need	
  to	
  make	
  adapta?on	
  policy	
  decisions	
  to	
  protect	
  areas	
  of	
  
vulnerability	
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We’ve	
  only	
  got	
  one	
  real	
  experiment…	
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Simple	
  concept	
  that	
  underlies	
  a	
  family	
  of	
  models	
  

.	
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.	
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A	
  “Black	
  Body”	
  absorbs	
  everything	
  at	
  all	
  wavelengths	
  
It	
  radiates	
  energy	
  according	
  to	
  it’s	
  temperature	
  (discovered	
  by	
  Planck)	
  
Shorter	
  wavelength	
  has	
  higher	
  energy	
  
Earth	
  is	
  an	
  order	
  of	
  magnitude	
  cooler	
  than	
  any	
  of	
  the	
  graphs	
  shown	
  	
  
So	
  Earth	
  radiates	
  energy	
  at	
  much	
  longer	
  wavelengths	
  than	
  sun	
  

Degrees	
  K	
  and	
  C	
  are	
  the	
  same	
  size	
  
Flux	
  is	
  energy/unit	
  area	
  

Not	
  a	
  coincidence	
  that	
  sun	
  emits	
  in	
  our	
  visible	
  spectrum.	
  	
  	
  
A	
  consequence	
  of	
  evolu?on	
  that	
  our	
  vision	
  has	
  evolved	
  to	
  op?mize	
  use	
  
of	
  available	
  spectrum	
  

.	
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Nice	
  example	
  of	
  using	
  mathema?cal	
  models	
  for	
  hypothesis	
  tes?ng	
  
ATMOSPHERE	
  TRANSPARENT	
  to	
  radia?on	
  means	
  no	
  greenhouse	
  gases	
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Let’s	
  relate	
  diagram	
  carefully	
  to	
  each	
  hypothesis	
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This	
  one	
  is	
  not	
  so	
  obvious	
  –	
  do	
  you	
  remember	
  the	
  formula?	
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We	
  are	
  going	
  to	
  use	
  this	
  to	
  find	
  an	
  equa?on	
  for	
  T	
  

.	
  



22	
  

T	
  is	
  global	
  annual	
  average	
  temperature	
  of	
  the	
  earth	
  

We	
  already	
  know	
  it’s	
  15	
  degrees	
  because	
  we’ve	
  measured	
  it,	
  but	
  we’re	
  
going	
  to	
  build	
  model	
  equa?ons	
  to	
  see	
  what	
  temp.	
  these	
  hypotheses	
  
predict.	
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This	
  is	
  figured	
  out	
  using	
  sigmaT^4	
  for	
  the	
  sun,	
  and	
  the	
  distance	
  from	
  
the	
  sun.	
  Intensity	
  drops	
  like	
  inverse	
  square	
  of	
  distance.	
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What	
  do	
  you	
  guess?	
  	
  On	
  average	
  over	
  the	
  whole	
  planet?	
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Albedo	
  means	
  the	
  frac?on	
  that	
  gets	
  reflected	
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This	
  is	
  how	
  much	
  solar	
  flux	
  the	
  earth	
  intercepts,	
  in	
  total.	
  
Flux	
  is	
  energy/unit	
  area	
  
So	
  energy	
  =	
  flux	
  *	
  area	
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Terrestrial	
  flux	
  given	
  by	
  Stefan-­‐Bolzman	
  law	
  of	
  radia?on	
  from	
  a	
  black	
  
body	
  at	
  temperature	
  T	
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Albedo	
  (reflec?vity)	
  *	
  solar	
  radia?on	
  arriving	
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Cancel	
  pi	
  r^2	
  and	
  solve	
  for	
  T	
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Atmosphere	
  is	
  not	
  transparent.	
  

Figure	
  shows	
  absorp?on	
  spectrum	
  due	
  to	
  major	
  greenhouse	
  gas	
  
cons?tuents	
  of	
  the	
  atmosphere	
  

Shortwave	
  range:	
  solar	
  radia?on	
  coming	
  in	
  –	
  atmosphere	
  is	
  mainly	
  
transparent	
  to	
  that	
  

Longware	
  (IR)	
  range:	
  terrestrial	
  radia?on	
  leaving	
  –	
  atmosphere	
  is	
  
par?ally	
  opaque	
  to	
  IR	
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.	
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