Natural Climate Variability
NOTE: much of this lecture is graphical in nature. Please augment these notes with your notes from lecture

Graphic: Sunrise over the Beaufort Sea in the Arctic.   The potential impacts of climate change may be felt early and very severely here.  Rear Adm. H.D. Nygren, photographer. Courtesy of NOAA.
Earth’s heat budget

On the time scale of years to decades, Earth’s heat budget should balance (i.e. input equals output).

Mechanisms of natural 
climate variability

External Forcing
· Solar Luminosity (irradiance)

· Physical events (Volcanism, Impact events, etc.)

· Orbital changes (insolation)
Internal (Free Oscillations)
· Air-sea interaction (ENSO, PDO, NAO)

· Environmental Cycles

Annual Variability 

Elliptical orbit  



+ axial tilt 

= seasonal variations

Patterns of PDO and ENSO

Temporal patterns of 
PDO and ENSO are similar

· Bold Line = Pacific Decadal Oscillation Index

· Thin Solid Line = 5 year running average of NINO-3 Index

[PDO Index of Mantua et al.,  ENSO Nino-3 of A. Kaplan]
Measuring Climate Change
Prior to the Instrumental Record
















Scientists can monitor past climate
















   using natural climate recorders
















Examples:
















- chemical composition of coral skeletons

















- air bubbles trapped in polar ice caps

Graphics: (above) Diver drills for

coral samples, courtesy of NOAA,  

(right) Banding in coral skeletons

NOAA Coral Paleoclimate slide set.

