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Major climate change triggers

• Variations in solar output
• Milankovitch cycles
• Elevation & distribution of continents
• Ocean interactions
• Atmospheric composition change (CO2

and other volcanic gasses)
• Biological and physical feedback 

mechanisms
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Average distance is 155.5 million km
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Minimum 22.2° Maximum 24.5 °

Caused 
mainly by 
gravitational 
tug of large 
planets such 
as Jupiter

Increased tilt brings more solar radiation 
to the two summer-season poles and less 
radiation to the two winter-season poles.

Value of eccentricity increases as the difference 
between the major and minor axes gets larger.

Minimum 0.005 Maximum 0.0607

Today we are 
closer to the 
circular side.
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One full “wobble”
every 25,700 years.

Axial precession 
is caused by the 
gravitational pull 
of the Sun and 
the Moon on the 
slight bulge  in 
Earth’s diameter 
at the equator.

Eccentricity
100,000 yrs.
400,000 yrs.

Obliquity
41,000 yrs.

Precession
23,000 yrs.
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LGM

Terminations
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ENSO Impacts ENSO Impacts
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Pacific Decadal Oscillation (PDO)

• Two primary nodes of sea surface T exist in the 
north-western portion and the eastern tropical 
Pacific.

• Abrupt shifts in relative T occur between these 
two regions at about 20-30 years.

• 1947 to 1976-77 marked by generally low T in 
the NW portion, ending with an abrupt shift.

• A recent shift has just occurred so we are in a 
“warm phase” (warmer in E tropical Pacific).

PDO and El Niño
• El Niño has a greater impact on weather 

when the PDO is in the “warm phase”.
– When eastern tropical waters are warmer 

than when PDO is in “cold phase”.

Arctic Oscillation (AO)
• Alternates between a warm and a cold phase in 

sea surface temperature.
• Warm phase relatively low pressure over polar 

locations and higher than normal pressure over 
lower latitudes.

• Weaker polar high means cold fronts do not 
penetrate as far south in the eastern U.S. giving a 
relatively warm winter.

• Switches irregularly, on the time scale of decades.
• Last ~20 years have seen an unusually warm 

phase.

North Atlantic Oscillation
• Switching of High and Low pressure systems 

over the North and Central Atlantic.
• In a warm phase Atlantic water pushes 

farther into the Arctic, and as a result sea ice 
thins.

• During a cold phase, low-level winds are 
strong, which effectively isolates the Arctic 
Ocean from warmer, saltier water to the 
south and promotes a thicker layer of sea 
ice.
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The
North Atlantic
Oscillation

NAO

The
North Atlantic
Oscillation

NAO

ENSO - NAO Interactions

Major climate change triggers
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and other volcanic gasses)
• Biological and physical feedback 

mechanisms

Greenhouse gasses

• Gasses
– Water vapor
– Carbon dioxide (CO2)
– Methane (CH4)
– Halocarbons
– Tropospheric Ozone
– Nitrous Oxide (N2O)

• Aerosols
– Black carbon
– Mineral dust?

•Pass visible light but prevent loss of 
radiant heat (infrared) from earth. 

Contribute to warming of the troposphere.

• Other
– Aviation induced 

clouds
– Changes in solar 

luminosity
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Net solar radiation at Mauna Loa Observatory

Annual variations are due to transport of 
Asian dust and air pollution to Hawaii. 

Icehouse gasses

• Gasses
– Stratospheric Ozone

• Aerosols
– Sulfates
– Aerosols from biomass 

burning
– Organic carbon
– Water droplets
– Mineral dust?

•Reflects incoming visible radiation and 
thus prevents some energy from reaching  

the troposphere.

• Other
– Indirect aerosol effect
– Land use (albedo)

From the NOAA website

Correlation ≠ Causation
• If A is correlated to B the following 

could be true:
– A causes B
– B causes A
– There is some C that causes both A and 

B
– The similarity between A and B is 

completely coincidental
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Positive feedback = 
changes in the climate 
system cause internal 
forcings in the system 
which push in the same 
direction as the original 
climate forcing.

Negative feedback = 
changes in the climate 
system cause internal 
forcings in the system 
which push in the opposite 
direction as the original 
climate forcing.

Physical feedback examples
• Positive feedback:

– More ice will reflect more sunlight which will 
make it colder and allow more ice and vice 
versa

• Negative feedback:
– Warmer temperatures will cause more 

evaporation which will mean more clouds that 
can block sunlight and reduce temperatures

Water vapor feedback

Albedo-temperature feedback

Biological feedback examples
• Positive feedback:

– Warmer temperatures will thaw out the 
tundra and allow microbes to decompose 
stored organic material and release 
greenhouse gasses like methane

• Negative feedback:
– With more CO2 in the air, plants will thrive 

and thus the biosphere will have a greater 
ability to fix carbon into biomass or soil
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