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Evidence	
  for	
  warming	
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  “hockey	
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Mann,	
  Bradley,	
  Hughes	
  1998	
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Ranking	
  of	
  temperatures	
  from	
  ho]est	
  to	
  coldest	
  



Over	
  2	
  million	
  square	
  km	
  of	
  sea	
  ice	
  
lost	
  over	
  35	
  years	
  

The	
  Arc7c	
  
(mel7ng	
  of	
  sea	
  ice)	
  



Doub7ng	
  the	
  warming	
  

-­‐  1.	
  The	
  models	
  are	
  unreliable	
  they	
  have	
  not	
  been	
  tested,	
  they	
  
aren’t	
  valid.	
  

-­‐  2.	
  Pre	
  2004:	
  “Heat	
  Island	
  effect”:	
  warm	
  biases	
  due	
  to	
  
urbaniza7on?	
  
-­‐  The	
  effect	
  is	
  very	
  small	
  

-­‐	
   	
  3.	
  1995-­‐	
  2005:	
  Satellite	
  temperatures	
  versus	
  surface	
  
measurements	
  …	
  	
  
	
   	
  4	
  errors	
  discovered	
  (now	
  there	
  is	
  agreement).	
  

	
  predic7ons	
  of	
  warming	
  doesn’t	
  depend	
  on	
  the	
  models	
  

2006:	
  “Because	
  of	
  the	
  complexity	
  of	
  the	
  problem,	
  environmental	
  skep4cism	
  
was	
  once	
  tenable.	
  No	
  longer.	
  It	
  is	
  4me	
  to	
  flip	
  from	
  skep4cism	
  to	
  ac4vism.”	
  	
  

	
  -­‐Michael	
  Shermer,	
  editor	
  of	
  the	
  Skep%cal	
  Inquirer	
  



Anthropogenic	
  Theory	
  



CO2:	
  The	
  last	
  350,000	
  yrs	
  
2014:	
  400	
  ppm	
  

CO2	
  
temperature	
  



The	
  theory	
  of	
  anthropogenic	
  warming:	
  
the	
  “Greenhouse	
  effect”	
  



Anthropogenic	
  warming:	
  Pre-­‐GCM	
  era	
  

1896	
  
Nobel	
  prize	
  winner	
  Svante	
  Arrhenius:	
  CO2	
  doubling:	
  5	
  –	
  6°C	
  of	
  warming,	
  
“climate	
  sensi7vity”	
  

1938	
  
Callender	
  es7mated	
  the	
  warming	
  as	
  2o	
  C	
  

1957	
  
Keeling	
  started	
  his	
  celebrated	
  CO2	
  
measurements	
  at	
  Mauna	
  Loa	
  and	
  at	
  the	
  
south	
  Pole	
  

Guy	
  Stewart	
  Callendar	
  
1898	
  -­‐	
  1964	
  

Charles	
  David	
  Keeling	
  
1928	
  –2005	
  

Svante	
  Arrhenius	
  
(1859	
  –1927)	
  



GCM	
  era	
  (post	
  1975)	
  

GCM’s:	
  for	
  CO2	
  
doubling:	
  

US	
  Na7onal	
  Academy	
  
	
  of	
  Science	
   	
  (1979):	
   	
   	
  1.5-­‐	
  4.5oC	
  
IPPC3	
   	
   	
  (2002):	
   	
   	
  1.5-­‐	
  4.5oC	
  
IPPC4 	
   	
  (2007): 	
   	
  2-­‐	
  4.5oC	
  
IPPC5 	
   	
  (2013):	
   	
   	
  1.5-­‐	
  4.5oC	
  

IPCC	
  4	
  (2007)	
  “it	
  is	
  likely	
  that	
  human	
  influence	
  has	
  been	
  the	
  dominant	
  cause	
  of	
  the	
  
observed	
  warming	
  since	
  the	
  mid-­‐20th	
  century”	
  	
  

extremely	
  IPCC	
  5	
  (2013)	
  

1998	
  climate	
  models	
  somewhat	
  over-­‐forecast	
  the	
  warming	
  in	
  the	
  2000’s	
  

3,120,000	
  cores: 	
  3x1016	
  Flops	
  (Nov.	
  2014)	
  

MilkyWay-­‐2:	
  World’s	
  fastest	
  supercomputer	
  	
  



Natural	
  variability	
  Theory	
  



Accep7ng	
  the	
  warming:	
  
Alterna7ve	
  theory	
  -­‐	
  	
  Natural	
  

variability	
  (including	
  solar)	
  

1.	
  The	
  warming	
  is	
  due	
  to	
  natural	
  variability.	
  

Implausible	
  but	
  not	
  disproved	
  un7l	
  2014…	
  

Skep7cs	
  and	
  Deniers	
  post	
  2006	
  

2.	
  The	
  “pause”:	
  the	
  earth	
  has	
  stopped	
  warming	
  
since	
  1998.	
  



Disproving	
  
Natural	
  warming	
  

Natural	
  variability	
  hypothesis	
  was	
  neglected	
  by	
  the	
  scien7fic	
  community	
  

Friday,	
  Dec.	
  12	
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Global temperatures: NASA – GISS data 
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CO2 forcing as surrogate for all 
anthropogenic effects 

Roughly: you double the global economy, you 
double the emissions, land use and other 
changes, you double the effects 
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Global temperatures: NASA - GISS data 
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The	
  
Pause	
  



Yellow	
  is	
  the	
  NASA	
  GISS	
  global	
  
series	
  (1900-­‐	
  2013	
  shown)	
  

The	
  Pause	
  

pause	
  

CMIP5	
  simula7ons	
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Yellow	
  is	
  the	
  NASA	
  GISS	
  global	
  
series	
  (1900-­‐	
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  shown)	
  

The	
  pause	
  with	
  stochas7c	
  forecasts	
  



CALGARY,	
  April	
  17,	
  2014	
  /Canadian	
  News	
  Wire/	
  

Friends of Science 
 

…Friends of Science are also calling up the Chancellor of McGill University to 
retract the McGill press release and issue an apology for the use of Lovejoy's quote 

“This study will be a blow to any remaining climate-change deniers...” 

The skeptics 
reaction (1)"

(Calgary based group)	
  



From	
  the	
  Facebook	
  site	
  of:	
  
L’Associa7on	
  des	
  communicateurs	
  scien7fiques	
  du	
  Québec	
  
(Nov.	
  20,	
  2014)	
  

On	
  the	
  TransCanada	
  Hwy.,	
  
near	
  Anjou	
  (since	
  Nov.	
  19)	
  

Friends	
  of	
  Science	
  	
  
Rescuing	
  TransCanada’s	
  
Energy	
  East	
  pipeline	
  



Common reactions.. and misconceptions: "
"
-Use of historical information"
Q: 800 years ago in medieval Europe global temperatures might have been warmer than today if so, 
doesn’t this contradict the analysis?  "
A: Our conclusions are for 125 year periods - there is nothing to prevent the same changes 
occurring much more slowly (i.e. over much longer periods).  "
"
-Use of unrepresentative paleo or instrumental sources, (the “Friends”): "
Q: The temperature change in central England from 1663-1762 was 0.90 oC, so such changes are 
not unusual.  "
A.  England is only 0.04% of the earth’s surface.  The global scale temperature change was only 
0.21±0.12 oC.  "
"

The skeptics reaction (2)"
“A	
  mephi7c	
  ectoplasmic	
  emana7on	
  of	
  the	
  
forces	
  of	
  darkness”	
  
	
  
-­‐Viscount	
  Lord	
  Christopher	
  Monckton	
  of	
  Brenchley	
  evalua7ng	
  on	
  this	
  work	
  

An	
  ectoplasm	
  



Impacts	
  



Knut	
  et	
  al	
  2008	
  

Our	
  simple	
  
method:	
  
doubling	
  CO2:	
  
3.08±0.58	
  oC	
  
	
  
For	
  450	
  ppm:	
  
2.2±0.4	
  oC	
  
(0.6±0.15	
  oC	
  
more	
  than	
  in	
  
2013)	
  

Today	
  

The	
  
impacts	
  

“Levels	
  of	
  CO2	
  in	
  excess	
  of	
  only	
  350	
  ppm	
  are	
  not	
  
compa7ble	
  with	
   the	
   planet	
   on	
  which	
   civiliza7on	
  
developed	
  or	
   to	
  which	
   life	
  on	
  earth	
   is	
  adapted”:	
  
Hansen	
  et	
  al	
  2008	
  

Stern	
  
report	
  2007	
  
(economic	
  
stability)	
  



What	
  is	
  to	
  be	
  done?	
  



Can	
  we	
  break	
  the	
  link	
  between	
  economic	
  growth	
  
and	
  CO2	
  emissions?	
  	
  

	
  

The	
  challenge:	
  	
  
Decarbonize	
  the	
  
economy	
  	
  
	
  

Today:	
  80%	
  of	
  the	
  worlds	
  energy	
  comes	
  from	
  fossil	
  fuels	
  



The	
  role	
  of	
  existent	
  and	
  new	
  technologies	
  	
  
(IPCC	
  scenarios,	
  2007;	
  Stabilisa7on	
  at	
  550ppm)	
  

A2	
  

B2	
  

A1F1	
  

A1B	
  

Grey	
  =	
  inexistant	
  technology	
  

3%/yr	
  
growth	
  
	
  
(GDP	
  x10	
  
in	
  2100)	
  

2%/yr	
  
growth	
  
	
  
(GDP	
  
x5	
  in	
  
2100)	
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In	
  2100,	
  90%	
  of	
  our	
  energy	
  must	
  come	
  from	
  inexistent	
  technology	
  	
  

No	
  physical	
  limits:	
  if	
  the	
  price	
  is	
  right	
  then	
  technology	
  can	
  be	
  conjured	
  up	
  to	
  solve	
  any	
  problem…	
  	
  

Economists’	
  magical	
  thinking	
  

IPCC	
  2014	
  (working	
  group	
  3	
  on	
  mi7ga7on	
  and	
  adapta7on)	
  	
  
A	
  major	
  role	
  for	
  Carbon	
  Capture	
  and	
  Storage	
  technology	
  that	
  doesn’t	
  exist…	
  NEW!	
  



Is	
  con7nued	
  quan7ta7ve	
  
economic	
  growth	
  possible?	
  

1972	
  

Limits	
  to	
  
Growth:	
  
Overshoot	
  
and	
  collapse	
  

Note:	
  	
  The	
  nonlinear	
  
model	
  is	
  completely	
  
based	
  on	
  physical	
  (not	
  
financial	
  inputs	
  and	
  
outputs).	
  

According	
  to	
  the	
  1972	
  “Business	
  as	
  
Usual”	
  projec7on,	
  the	
  last	
  40	
  years	
  
have	
  tracked	
  well	
  and	
  collapse	
  will	
  
start	
  around	
  2015	
  (G.	
  Turner,	
  2014)	
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Axer	
  -­‐	
  tax	
  income,	
  by	
  family	
  unit,	
  Canada,	
  1976	
  –	
  2010	
  
	
  (2010	
  constant	
  dollars,	
  economic	
  families)	
  

Median	
  axer	
  tax	
  income	
  economic	
  families,	
  
2010:	
  	
  
Quebec:	
  $58,100	
  
Canada:	
  $65,500	
  

Is	
  con7nued	
  quan7ta7ve	
  growth	
  desirable?	
  	
  



GPI/capita	
  
(decreasing)	
  

GDP/capita	
  
(increasing)	
  

GDP	
  	
  
versus	
  
GPI	
  

The	
  higher	
  the	
  GDP,	
  the	
  
poorer	
  we	
  are!	
  

GDP=Gross	
  Domes7c	
  Product	
  
GPI=Genuine	
  Progress	
  Indicator	
  



What	
  is	
  to	
  be	
  done?	
  

•  Global	
  Warming	
  is	
  a	
  global	
  problem	
  requiring	
  
global	
  scale	
  coopera7on.	
  

•  Saving	
  the	
  climate	
  is	
  incompa7ble	
  with	
  the	
  
current	
  triumph	
  of	
  the	
  unfe]ered	
  market.	
  



What	
  is	
  to	
  be	
  
done?	
  



Conclusions	
  

3.	
  The	
  probability	
  of	
  the	
  warming	
  being	
  natural	
  is	
  less	
  than	
  0.1%.	
  

2.	
  	
  The	
  total	
  anthropogenic	
  warming	
  since	
  1880	
  is	
  about	
  1oC,	
  for	
  CO2	
  doubling,	
  3.08±0.58oC.	
  	
  	
  

6.	
  For	
  many	
  of	
  us,	
  con7nued	
  economic	
  growth	
  is	
  undesirable	
  (lower	
  GPI).	
  

1.	
  It	
  is	
  much	
  easier	
  to	
  disprove	
  a	
  theory	
  (natural	
  warming)	
  that	
  to	
  prove	
  one	
  
(anthropogenic	
  warming).	
  	
  	
  

4.	
  	
  The	
  pause	
  is	
  a	
  natural	
  cooling	
  event	
  superposed	
  on	
  anthropogenic	
  warming.	
  

5.	
  Decarbonizing	
  is	
  unlikely	
  with	
  con7nued	
  global	
  economic	
  growth	
  (“magical	
  thinking”).	
  


