
Climate Change 
and its impact on 

Montana



What controls global temperatures on 
human timescales?

(decades to centuries)

ÅChanges in concentrations of Greenhouse Gases 
(CO2, H2O, CH4 etc.)  

ÅChanges in land use (farming to urban, forest to 
grassland etc.)

ÅUnknown feedbacks in the climate system



¢ƘŜ 9ŀǊǘƘΩǎ wŀŘƛŀǘƛƻƴ .ŀƭŀƴŎŜ

Incoming Energy      =     Outgoing Energy

(absorbed sunshine)  (area)       =      (thermal loss)  (area)

S(1-a)  pr2 =      sT4  (4 pr2)

Solve for T
T = -18°C !!



The radiative equilibrium 
temperature

The equilibrium surface temperature 
for Earth should be -18°C(~0°F) 

But, the observedsurface temperature is ~ 
+15°C(~60°F)

~ 33°C warmer



²ƘŀǘΩǎ aƛǎǎƛƴƎΚ

Answer: An Atmosphere with 
Greenhouse Gases, e.g. water 

vapor, carbon dioxide, methane, 
nitrous oxideé



Greenhouse Effect

Increasing Greenhouse Gases increases the amount of heat 
absorbed by the atmosphere and re-radiated back to the 

9ŀǊǘƘΩ ǎǳǊŦŀŎŜΦ



What are the trends in 
temperature?



Cooling 
over the 
last 25 
million 
years
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Milankovitch Cycles



Eccentricity (~100 Ka)



Orbital Obliquity (Axial tilt; ~41 Ka) and 
Precession (~26 Ka)



Milankovitch Cycles



Atmospheric CO 2 and Temperature



Climate the last 18,000 years



Paleotemperature
record from tree rings



The last 1000 years







Temperature the last 150 years
(three independent reconstructions) 



Recent warming
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Observed Temperature Trends


