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3.	
  CO2	
  is	
  an	
  Efficient	
  Greenhouse	
  Gas.	
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4.	
  Increasing	
  atmospheric	
  CO2	
  leads	
  to	
  a	
  
stronger	
  greenhouse	
  effect,	
  which	
  traps	
  
more	
  energy	
  in	
  the	
  climate	
  system.	
  

	
  



5.	
  According	
  to	
  the	
  law	
  of	
  conserva7on	
  of	
  energy,	
  
the	
  trapped	
  greenhouse	
  energy	
  must	
  warm	
  Earth.	
  

	
  

hfp://www.giss.nasa.gov	
  

Land	
  warms	
  more	
  than	
  ocean	
  
Arc7c	
  warms	
  the	
  most	
  

Temperature	
  change	
  since	
  1950	
  



It’s	
  Not	
  Just	
  Temperature	
  

hfp://www.skep7calscience.com	
  



Timing	
  for	
  East	
  Coast	
  Blooming	
  



Sea	
  Level	
  Rise	
  

Satellite	
  data:	
  1993-­‐2014	
  



Sea	
  Level	
  Rise	
  

Hay	
  et	
  al.	
  2015	
  

Satellites	
  

Tide	
  Gauges	
  

10”	
  



Shih	
  in	
  Summer	
  Temperature	
  Extremes	
  

Hansen	
  et	
  al.	
  2012	
  



Shih	
  in	
  Summer	
  Temperature	
  Extremes	
  

Hansen	
  et	
  al.	
  2012	
  

Fewer	
  	
  
cold	
  days	
  

More	
  	
  
warm	
  days	
  



Natural	
  and	
  Human	
  Causes	
  of	
  
	
  Past	
  and	
  Future	
  Climate	
  Change	
  

•  Core	
  concepts	
  
•  Global	
  vs.	
  local	
  view	
  
•  Future:	
  a	
  range	
  of	
  outcomes	
  



Global	
  Temperature	
  Record	
  

February	
  2015	
  



Global	
  Temperature	
  Record	
  

February	
  2015	
  

record	
  
cold	
  

record	
  
warm	
  



Jet	
  Stream	
  February	
  2015	
  



hfp://www.ncdc.nasa.gov/sotc/	
  



February	
  
2015	
  



Natural	
  influences	
  on	
  local	
  climate	
  

Atmospheric	
  	
  
Circula7on	
  

Chao7c,	
  non-­‐linear	
  
system	
  with	
  limited	
  

predictability.	
  	
  



Natural	
  influences	
  on	
  local	
  climate	
  

Atmospheric	
  	
  
Circula7on	
  

Gives	
  rise	
  to	
  much	
  of	
  our	
  local	
  
weather	
  and	
  climate	
  variability.	
  	
  

Chao7c,	
  non-­‐linear	
  
system	
  with	
  limited	
  

predictability.	
  	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Atmosphere	
  

Ocean	
  

Natural	
  influences	
  on	
  local	
  climate	
  

Ocean-­‐Atmosphere	
  
Interac7ons	
  

Chao7c,	
  non-­‐linear	
  
system	
  with	
  longer,	
  
but	
  s7ll	
  limited	
  
predictability.	
  	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Natural	
  influences	
  on	
  local	
  climate	
  

El	
  Niño	
  
	
  

Pacific	
  Decadal	
  
“Oscilla7on”	
  

	
  
Atlan7c	
  

Mul7decadal	
  
“Oscilla7on”	
  

Ocean-­‐Atmosphere	
  
Interac7ons	
  

Ocean-­‐Atmosphere	
  
Interac7ons	
  

Chao7c,	
  non-­‐linear	
  
system	
  with	
  longer,	
  
but	
  s7ll	
  limited	
  
predictability.	
  	
  



Natural	
  Climate	
  Variability	
  
Atlan7c	
  Mul7-­‐decadal	
  “Oscilla7on”	
  

w
ar
m
er
	
  

co
ol
er
	
  

North	
  Atlan7c	
  Sea	
  Surface	
  Temperature	
  



Natural	
  Climate	
  Variability	
  
Pacific	
  Decadal	
  “Oscilla7on”	
  

w
ar
m
er
	
  

co
ol
er
	
  

North	
  Pacific	
  Sea	
  Surface	
  Temperature	
  



Natural	
  &	
  human	
  influences	
  co-­‐exist	
  

Time	
  

10	
  -­‐	
  50	
  years	
  

Local	
  Climate	
  Change	
  



Deser	
  et	
  al.,	
  2015	
  	
  

Natural	
  Actual	
   Human	
  

cooling	
   warming	
  

Temperature	
  changes	
  over	
  the	
  past	
  50	
  years	
  

Winter	
   °C	
  



Temperature	
  changes	
  over	
  the	
  past	
  50	
  years	
  

Natural	
  Actual	
   Human	
  

cooling	
   warming	
  

Western	
  Canada:	
  50%	
  natural,	
  50%	
  human	
  

Deser	
  et	
  al.,	
  2015	
  	
  

Winter	
   °C	
  



•  Core	
  concepts	
  
•  Global	
  vs.	
  local	
  view	
  
•  Future:	
  a	
  range	
  of	
  outcomes	
  

Natural	
  and	
  Human	
  Causes	
  of	
  
	
  Past	
  and	
  Future	
  Climate	
  Change	
  



Human	
  

Future	
  Climate	
  Change	
  

Natural	
  

A	
  range	
  of	
  outcomes	
  
(depending	
  on	
  the	
  natural	
  variability)	
  



Intergovernmental	
  Panel	
  on	
  Climate	
  Change	
  

•  Created	
  in	
  1988	
  
•  Reports	
  in	
  1990,	
  1995,	
  

2001,	
  2007*,	
  2013	
  
•  Thousands	
  of	
  scien7sts	
  

worldwide	
  
•  Tens-­‐of-­‐thousands	
  of	
  

pages	
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