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The Climate is Changing. 
Why Aren’t We?	  



Summary: 
 

• We have caused and are 
causing global warming 
 

• We are doing too little to 
slow it down 

• I am worried about your 
future….are you? 



Anomalies relative to 1951-80 

Global Climate is Warming 
NASA: 2010 was tied for warmest year on record  

2011 was 9th warmest 

2012 was ~tied for 9th  



http://www.ncdc.noaa.gov/sotc/global/2012/12 



2012: Warmest Year on Record for U.S. 

http://www.ncdc.noaa.gov/sotc/national/2012/13 

Canada:  
 
3rd Warmest 
(1948-2012)? 



http://www.ncdc.noaa.gov/temp-and-precip/drought/nadm/nadm-maps.php?lang=en&year=2012&month=8 



Why so much variation in 
the global temperature 
trend? 



http://www.columbia.edu/~mhs119/ 

Major volcanic 
eruptions cool 
the planet for a 
few years 

El Niño warms 
the planet for 
~2 yrs; La Niña 
cools for ~2 yrs 



Niño 
evolution 

since 
1950 

El Niño 

La Niña 
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Record Warmth In Recent Years  
Even though solar irradiance was very low  

Carbon dioxide forcing is 
about 1.5 W/m2 and growing 

(~0.3 W/m2 per decade) 

Data through Nov. 2012 

http://www.columbia.edu/~mhs119/Solar/ 

~11-year (132-month) sunspot cycle 



Global Land-Ocean Temperature Index 

http://www.columbia.edu/~mhs119/ Through Nov. 2012 

Red: smooths out El Niño/La Niña 

Blue: smooths out solar cycle 



Why is the global 
temperature rising? 





China has the largest fossil fuel emissions today.   
However, climate change is driven by cumulative emissions, so 
developed nations, especially the U.S., have greatest responsibility. 

http://www.columbia.edu/~jeh1/ 



The “Keeling Curve” 

http://www.columbia.edu/~mhs119/ 

393.8 ppm 

Data through Dec 2012 http://co2now.org/Current-CO2/CO2-Now/scripps-co2-data-mauna-loa-observatory.html 



IPCC 2007 

Concentrations of Greenhouse 
Gases, Year 0 to Year 2005  

Carbon dioxide now 394 ppm 



Glacial-Interglacial Ice Core Data 

We have excellent estimates of ancient carbon dioxide 
concentrations from bubbles extracted from ice cores. 



How do we know what the 
temperature was 800,000 
years ago? 
 

http://en.wikipedia.org/wiki/Dome_C 





http://gloresis.com/node/465 



A now a brief lesson in 
stable isotope geochemistry 
 

http://en.wikipedia.org/wiki/Dome_C 



proton (+) 

electron (-) 

H 
2 

D 

Add a 
neutron 

Hydrogen (1 proton + 1 electron) 

Now it is 
much heavier 
hydrogen… 
deuterium 

or 

Warm air 
has more 

heavy 
hydrogen 



Oxygen (8 protons + 8 electrons) 

N = 8 protons + 10 neutrons =  18O 

Add 2 
neutrons 

It is still 
oxygen… 
just heavier 

17O is 
much 
rarer 

0.1995% of 
oxygen is 
this isotope 



Some water molecules 
are heavier than others  

Oxygen 

Hydrogen Hydrogen 

16O 
17O 18O 

2H 
1H 

2H 

1H 

Warm air 
has more 

heavy 
oxygen 



When the 
atmosphere is   
cold: 
Precipitation is  
depleted in  
‘heavy’ 18O or 
2H  

Winter/Cold 
precipitation is 

isotopically light 



Glacial-Interglacial Ice Core Data 

We have excellent estimates of ancient global 
temperatures thanks to isotopes extracted from ice cores. 



Why so much interest in 
carbon dioxide? 
 



The Earth’s Energy Balance 
and the Greenhouse Effect 

IPCC 2007 



Radiative Forcing: 
The change in the net, downward minus 
upward, irradiance at the top of the 
tropopause due to a change in an external 
driver of climate change (expressed in 
Watts per square metre; W/m2). 

IPCC 2007 

More greenhouse 
gases = more 
radiative forcing = 
more energy for 
warming 



Carbon dioxide is responsible 
for ~64% of the total radiative 
forcing of Earth by long-lived 
greenhouse gases. 

Its contribution to the increase in 
radiative forcing is 85% for the past 
decade and 81% for the last five 
years. 



Now an important message: 
 

•  Very important 

•  This is about you 

•  And your children 

•  And your grandchildren 



Observation: 
 

• There are few signs that 
we are going to 
substantially slow down 
our carbon emissions any 
time soon. 

? 



Alas: 
 
•  There is no quick fix. 
 
•  It is very unlikely that we 

will be able to prevent 
substantial warming. 

 



33% of CO2 
remains in air 

after 100 years 

19% remains in air 
after 1000 years 

Decay of Fossil Fuel CO2 Emission 



IPCC 2007 

Radiative forcing between 1750 and 2005 

Total Net 
Forcing 

from 
Humans 

1.6 W/m2 



Observation: 
 

• Radiative forcing 
decreasing by about six 
Watts/m2 resulted in 
glaciers covering almost all 
of Canada. 



Conclusion from our understanding 
of how climates changed in the past 
and current changes: 
 

•  Humans now control the 
global climate. 

James Hansen: http://www.columbia.edu/~jeh1/ 

James Hansen and 
grandchildren 



IPCC CO2 CONCENTRATION 
SCENARIOS 

Socio-economic and geophysical models 
are used to make projections about future 
carbon dioxide (and GHG) concentrations. 

Currently 
~394 ppm 

A2 
A1B 

B1 

A1F1 

540 

850 

720 

970 

B2 620 





The climate system: 
 

• The entire climate system 
changes as well, not just 
the temperature. 

• There are many signs that 
the system is changing. 



Climate Trend Mapper 
Free at climate.uwinnipeg.ca 



Winter Avg. Temperature Trend 1970-2011 



http://nsidc.org/arcticseaicenews/ 

h5p://www.wunderground.com/blog/JeffMasters/show.html	  



Many people 
around the world 
now realize that 
their climates 
are no longer 
normal. 



2000  England and Wales   Wettest autumn on record since 1766 
2002  Germany      Highest daily rain since at least 1901 
2003  Europe      Hottest summer in at least 500 years 
2007  Greece      Hottest summer on record since 1891 
2009  Australia      Heatwave breaks many long records 
2010  Russia       Hottest summer since 1500 
2010  Pakistan      Worst flooding in history 
2010   E. Australia     Highest December rainfall since 1900 
2011  France       Record hot/dry spring since 1880 
2011  N.E. USA      Wettest Jan-Oct on record since 1880 
2011  S. USA      Most extreme Jul. heat/dry since 1880 
2011  W. Europe      Wettest summer on record since 1901 
2011  Japan       72-hour rainfall record 
2011  Rep. of Korea     Wettest summer on record since 1908

  2011     Canada                                 Souris-Assiniboine River Floods  



2012  Arctic       Lowest sea ice cover on record 
2012  Antarctic      Highest sea ice cover on record 
2012  Canada      Record high temps in March 
2012  Canada/U.S.     Record winter drought in many areas 
2012  United States     Hottest year on record in lower 48  
2012  United States     Hottest summer on record in lower 48 
2012      Canada      Hottest summer on record 
2012  Europe      Many areas record hottest summer  
2012  United States     Drought breaks many long records 
2012  Russia, Ukraine +    Drought raises food prices 10% 
2012  United States     Hurricane Sandy kills ~200; ~$70B 
2012  Greenland      97% of surface was melting in July 
2012  Eurasia      Extreme cold spell in Jan/Feb 
2012  S. Philippines     Rare Super Typhoon kills 100s in Dec 
2012  NE Brazil      Extreme drought worst in 5 decades 
2012  Africa          Floods in Jul-Oct affects >3 million 
2013  Australia      Record heat wave in January 
2013  Australia      Record high temp in Sydney in Jan. 
2013  Canada      Record highs in Yukon, Edm. In Jan. 

2012-2013 Extremes 



Planning is important: 
 

• Based on the past 
 
• Forecasting extreme 
events is very difficult 

• The most important 
events are the extremes 



Droughts Floods Storms 
Heatwaves Loss of 
Biodiversity Spread of 
Disease Extinctions Social 
Unrest Inequity Sea Level 
Rise Environmental 
Refugees Cultural Impacts 
More Variability Surprises 



Donald Rumsfeld: 
 

• "We know there are known 
knowns: there are things we know 
we know. We also know there are 
known unknowns: that is to say we 
know there are things we know we 
don't know. But there are also 
unknown unknowns — the ones 
we don't know we don't know." 

12 February 2002 



Ask your parents about: 
 

•  The Jets (and cars and trucks 
we overuse) 

 

•  Getting high (from 
consumerism) 

 

•  Retirement (yours) 
 

•  Grandchildren (yours) 
 



We need to take action now: 
 

•  Climate risk is increasing 

 
•  There is an urgent need to 

reduce emissions 
•  We need you to get 

involved 



What to do? 
 

•  Educate yourself and 
those around you 

•  Be sure to vote green 

•  Insist upon (and practice) 
emission reductions 



We need you to: 
 

•  Continue the science 
 

•  Develop sustainable policy 
 

•  Green the business world 
 

•  Spread the message 
 

•  Be a leader of tomorrow 



Geography 

Chemistry 

English 

Theatre & Film 

Math & Statistics 

Biology 

Sociology 

Computer Science 
Economics 

Philosophy 

Business 

Education 
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Thank You. 
Questions?	  


