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Simple 



Weather vs Climate 
what’s the difference? 

• If you don’t like the weather: 
– Wait five minutes! 

• If you don’t like the climate: 
–  Move! 



Location!   Location!   Location! 
• Depends on where you live: 

– Latitude! 
– Altitude (mountains vs valley) 
– What’s upwind (ocean vs land) 

• Changes very slowly 

• Very predictable 

• We can predict that Phoenix is warmer 
than Fargo for precisely the same reasons 
that we can predict a warmer future! 

 

Climate is Place 

PHOENIX 



Ever Wonder 
Why? 

• Day is warmer than night 
• Summer is warmer than winter 
• Phoenix is warmer than Fargo 



Heat Budgets 



Dancing Molecules and Heat Rays! 
• Nearly all of the air is 

made of oxygen (O2) 
and nitrogen (N2) in 
which two atoms of 
the same element 
share electrons 

 

• Infrared (heat) 
energy radiated up 
from the surface can 
be absorbed by these 
molecules, but not 
very well 
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Diatomic molecules can 
vibrate back and forth like 
balls on a spring, but the 
ends are identical 



Dancing Molecules and Heat Rays! 

• Carbon dioxide (CO2) 
and water vapor (H2O) 
are different! 
 

• They have many more 
ways to vibrate and 
rotate, so they are 
very good at absorbing 
and emitting infrared 
(heat) radiation 

Molecules that have many 
ways to wiggle are called 
“Greenhouse” molecules 
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Absorption spectrum of CO2 was measured by John Tyndall in 1863 





Common Sense 
• Doubling CO2 would 

add 4 watts to every 
square meter of the 
surface of the Earth, 
24/7 

• Doing that would 
make the surface 
warmer 

• This was known 
before light bulbs 
were invented! 
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John Tyndall, January 1863 



Common Myth #1 
“People are worried about climate change 

because it’s been getting warmer lately” 
 
  

 

WRONG! We’re concerned because we know that 
when we add energy to things, they warm up 

 



Serious 



• Land vs ocean! 
• North vs South 

• Global mean  
warming of 2º to 5º C 

• North American  
warming of 3º to 6º C 

 = 5º to 11º F 

• Arctic warming of  
8º to 14º F 

Low 
Emissions 

High 
Emissions 

Moderate 
Emissions 

 Rainfall?      Agriculture?  
Water supply?            Ski industry? 

 Mass immigration? 

How much 
warmer? 



Where is it 10°F Warmer 

Denver   
Amarillo 

Grand Junction 
 Tucson 

Illinois  
Mississippi 

Water?  Crops?     
Real Estate?     Health? 

“on average?” 



• If China and India 
industrialize with 
coal, CO2 will rise 
to 5x preindustrial 

• Extra CO2 will last 
for millennia after 
coal is gone 

The heck with Polar Bears … what would that do to farmers? 
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Common Myth #2 
“When we reduce or stop burning fossil fuel, CO2 

will go away and things will go back to normal” 

emissions 



A Region On the Edge 
Much of the region 
already receives only 
marginal precipitation 
 
Just enough snow to 
support forests and 
reservoirs  
 
Just enough irrigation 
water to support 
farming 
 
Just enough water to 
support 5.1 million 
people 
 



Ski Industry 



 

Mountain Pine 
Beetle 



Mountain Pine 
Beetle 



656% 

656% 

Wildfire in 
the West 

• Earlier spring 
snowmelt & runoff 

• Hotter peak days 
with lower relative 
humidity 

• Longer fire season 





Real Estate Development 

This is not about polar bears 100 years from now: 
 Jobs and tax base 
 Value of your home 
 Retirement savings 



Solvable 



Costs 
• Conversion to 100% 

noncarbon energy will 
cost about  
1% of GDP 

• That’s about what it 
cost to retrofit all 
the world’s cities with 
indoor plumbing a 
century ago … 

• It was worth it! 



Popular Solutions 
• Province of 

British Columbia 
began a revenue 
neutral carbon 
tax in 2008 

• Per capita emissions are down 20% 
• Carbon taxes are 100% offset by reduced 

income taxes 
• Huge bipartisan support for policy (70%): 

repeal would raise income taxes! 
 



Choose Your Future 
• Some people think:   

– “Our modern lifestyle is only possible 
because of the subsidy of cheap fossil 
fuel. When we stop burning coal we’ll 
freeze in the dark!” 

• I prefer: 
– “Our well-being depends on creativity 

and hard work. Before we run out of oil, 
we’ll invent an energy economy for the 
21st Century.  

– Our future is bright.” 
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