Climate Change
and Its Impact on
Montana



What controls global temperatures on

humantimescales?
(decades to centuries)

A Changes in concentrations of Greenhouse Gases

(CQ, HO, CHetc.)

AChanges in land use (farming to urban, forést
grasslandetc.)

AJnknown feedbacks in the climate system






The radiative equilibrium
temperature

The equilibrium surface temperature
for Earthshould be-18°C(~C°F)

But, the observedsurface temperaturdas ~
+15°C(~6CF)

~ 33C warmer
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Answer: An Atmosphere with
Greenhouse Gases, e.g. water
vapor, carbon dioxide, methane,
nitrous oxI1 de



Outgoing IR energy

Incoming
solar energy

Temp. -18°C (0°F)

Without greenhouse effect

Outgoing IR energy

IR IR IR IR

emitted J absorbed / absorbed emitted

Incoming
solar energy

Temp. 15°C (59°F)

With greenhouse effect

Increasing Greenhouse Gases increases the amount of heat

absorbed by the atmosphere and v&diated back to the
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What are the trends In
temperature?



Antarctic Ice sheets

N. Hemisphere Ice sheets
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Ice Age Temperature Changesl
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The Earth's Orbit Around the Sun

AMUmnal
equinox,
September 23

Summer
soisico
June 27

Winter
soistice
December 22

Norh Pole - ! 66" (Arclic Circle)

Seasonally varying distance to sun has only a minor effect on
seasonal temperature

The earth’s orbit around the sun leads to seasons because of the
tilt of the Earth’s axis







Eccentricity (~100 Ka)




Orbital Obliquity (Axial tilt; ~41 Ka) and
Precession (~26 Ka)
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Solar Forcing
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Yostok Ice Core Data
Mational Geophysical Data Center
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Temperature Change (°C)
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Paleotemperature
record from tree rings

Figure 20-11b i
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Figure 20-14
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Variations of the Earth's surface temperature for:

(a) the past 140 years
0.8
GLOBAL

Departures in temperature (°C)

from the 1961 to 1990 average

ata from thermometers.

(b) the past 1,000 years

NORTHERN HEMISPHERE
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Departures in temperature (°C)

from the 1961 to 1990 average

corals, ice cores and historical records (blue)




Observed Temperature Trends



