Climate Change on Earth
The climate has varied on earth through time on many time scales

Examples:  

Superwarm during the Cretaceous Period (about 90-60 Ma) with expanded tropics (up to at least 60 degrees from the equator) and has cooled stepwise since.

18,000 years ago maximum ice age extent-glaciers covered N. America, Europe, Scandanavia, etc.

Long time scale variation (millions of years)-plate tectonics and ocean circulation patterns 

Shorter term variation (10,000s years)-orbital variation of sun and earth “Milankovich Cycles”

Eccentricity of earth’s orbit around the sun-circle vs. ellipse less to more difference in seasons  100,000 and 400,000 year cycles

Earth’s Tilt-21.5 degrees to 24.5 degrees-less to more difference in seasons

Wobble of earth on axis-“precession of equinoxes” 23,000 year cycle.

Good match for the glacial record over the past several 100,000s years

Past climate deduced from:


Glacial deposits


Vegetation changes (fossil plants)


OXYGEN ISOTOPE RECORD


16O, 17O, 18O (99.76%, 0.04%, and 0.2%).  Vary with ice volume and temp.


During times of widespread glaciation-ocean is “heavier”, during interglacial times, ocean is “lighter” as more “light” oxygen is stored as glacial ice.


Ocean organisms record the isotopic compositions in their CaCO3 shells-good match to record of climate from other indicators


Carbon Dioxide in the Atm. and the “greenhouse” effect.  CO2 traps heat in the atm as it is reflected back from the earth’s surface, acting like a greenhouse


Measuring CO2 in the atm. shows increase over past 50 years. Yearly cycle of higher and lower due to different production by plants and animals.


Trapped air in glacial ice indicates that the CO2 has increased a lot over the past 1000 years or so, constant until about 1850, then rapid increase.


Long-term climate record indicates link between CO2 and other greenhouse gases with global temperature


Global Warming?  Cooling?  What to expect in the next 50 yrs?  100 yrs?  500 yrs?
