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What	
  is	
  the	
  climate?	
  	
  	
  
	
  

A	
  voyage	
  through	
  scales	
  



The climate is  
what you expect… 

"Climate is what you expect, weather is what you get.” 
	



-Lazarus Long, character in R. Heinlein 1973	



 “Climate in a narrow sense is usually defined as the "average weather" ... The 
classical period is 30 years, as defined by the World Meteorological Organization 
(WMO)… Climate in a wider sense is the state, including a statistical description, of 
the climate system.”	
  
 
-Intergovernmental Panel on Climate Change, 2007 

not	
  



Scale	
  bound	
  thinking	
  



Antonie	
  van	
  Leeuwenhoek	
  (1632–1723)	
  	
  
“A	
  new	
  world”	
  in	
  a	
  drop	
  of	
  water	
  

“Animalcules,”	
  described	
  in	
  depth	
  
by	
  Leeuwenhoek,	
  c1695–1698.	
  By	
  
Anton	
  van	
  Leeuwenhoek	
  …..the	
  discovery	
  of	
  	
  micro-­‐organisms	
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Montreal:	
  1871-­‐2008	
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Montreal:	
  1871-­‐2008	
   Annual,	
  daily	
  cycles	
  removed	
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How	
  to	
  understand	
  such	
  
variability?	
  



We	
  found	
  the	
  same!!!	
  
“Scaling”	
  

What	
  if….	
  

(the	
  Mandelbrot	
  set)	
  Mandelbrot	
  1924-­‐2010	
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Clouds…..	
  	
  Zooming	
  in	
  by	
  factors	
  of	
  1.7	
  



The	
  simplest	
  fractal,	
  the	
  Cantor	
  set	
  
(1871)	
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Trichotomy: 
Weather – macroweather - climate 
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Fluctuations decreasing 

Lovejoy,	
  2013,	
  EOS	
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Conclusion:	
  
“Macroweather	
  is	
  what	
  you	
  

expect	
  
The	
  climate	
  is	
  what	
  you	
  get!”	
  

	
  
	
  

Weather,	
  macroweather	
  and	
  the	
  climate	
  are	
  
disSnguished	
  by	
  the	
  way	
  the	
  change	
  under	
  a	
  zoom!	
  



To	
  understand	
  the	
  different	
  regimes	
  



The	
  fractal	
  H	
  model	
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How	
  can	
  we	
  disSnguish	
  
anthropogenic	
  and	
  natural	
  

variability?	
  
	
  

…	
  by	
  their	
  different	
  fractality!	
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Why	
  is	
  it	
  warming?	
  



The	
  theory	
  of	
  anthropogenic	
  warming	
  



Svante	
  
Arrhenius	
  
(1859	
  –1927)	
  

In	
  1896	
  predicted	
  CO2	
  
doubling	
  would	
  increase	
  the	
  
earth’s	
  temperature	
  by	
  5-­‐6oC	
  



Global	
  Climate	
  Models	
  (GCM)	
  

Richardson:	
  
1881-­‐1953	
  
Father	
  of	
  numerical	
  
models	
  of	
  the	
  
atmosphere:	
  10-­‐2	
  Flops	
  (?)	
  

GCM’s:	
  for	
  CO2	
  doubling	
  
IPPC3	
  (2002):	
  1.5-­‐	
  4.5oC	
  
IPPC4	
  (2007):	
  2-­‐	
  4.5oC	
  
IPPC5	
  (2013)	
  :	
  1.5-­‐	
  4.5oC	
  
(“high	
  confidence”)	
   3,120,000	
  cores: 	
  3x1016	
  Flops	
  

MilkyWay-­‐2:	
  World’s	
  fastest	
  supercomputer	
  (June	
  2013)	
  

NaSonal	
  University	
  of	
  Defense	
  Technology,	
  Changsha,	
  China	
  



A	
  (new)	
  simple	
  argument	
  	
  
without	
  GCM’s	
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Conclusions	
  
1.  The	
  	
  variability	
  of	
  the	
  atmosphere	
  over	
  the	
  last	
  100,000	
  yrs	
  

has	
  three	
  different	
  regimes	
  not	
  two:	
  	
  
-­‐weather	
  (less	
  than	
  about	
  10	
  days),	
  	
  
-­‐macroweather	
  (10	
  days	
  to	
  about	
  10	
  years	
  (industrial),	
  100	
  years	
  

	
  (preindustrial),	
  	
  
-­‐climate	
  (up	
  to	
  ≈100,000yrs).	
  

3.	
  FluctuaSons	
  increase	
  with	
  scale	
  in	
  the	
  weather	
  and	
  climate	
  regime	
  but	
  decrease	
  
with	
  scale	
  in	
  the	
  macroweather	
  regime:	
  “macroweather	
  is	
  what	
  you	
  expect”.	
  

4.	
  Anthropogenic	
  warming	
  dominates	
  macroweather	
  at	
  about	
  10	
  years	
  rather	
  than	
  
about	
  100	
  years	
  (preindustrial).	
  

5.	
  	
  The	
  total	
  anthropogenic	
  warming	
  is	
  about	
  0.85oC,	
  for	
  CO2	
  doubling,	
  3.08±0.58oC.	
  	
  	
  

6.	
  	
  The	
  probability	
  that	
  the	
  warming	
  since	
  1880	
  is	
  natural	
  is	
  <1%	
  (most	
  likely	
  <0.1%).	
  	
  	
  

2.	
  The	
  regimes	
  are	
  defined	
  by	
  the	
  way	
  they	
  change	
  under	
  zooms:	
  their	
  fractality.	
  


