Chapter 3 -- Paleoclimate

Recall;
All datasets suggest that the Earth is warming --- “unequivocal” (IPCC).

Several independent lines of evidence
What about past climate?

4.1 Paleoproxies

Long-lived chemical or biological systems contain record of climate 

Allow us to measure past temperatures  
Ice cores: 
· drill bore holes through depth of glacier or ice sheet 

· determine age of ice layer
· convert chemical content to temperature 
Limited to ice-covered regions
Tree rings: 
-lighter, thicker wood tissue formed by rapid growth in spring 

-darker, thinner layers marking cessation of growth in autumn 

–variations in ring width can be used to infer changes in climate 
· calibrate a relation between tree rings and T for the last 150 years.

Limited to non-tropics, land areas

Problem: is a relation derived from today good for times past??

Problem: separating the effects of T from changes in rainfall
Ocean sediments: 

· skeletons of tiny marine animals

· relative abundance of species that thrive in warmer waters etc.

· chemical composition of skeletons 
Limited to oceans
[image: image1.jpg]+ glacier
=== yarious multi-proxy

mnmn tree rings
—— borehole

== instrumental
L)
-
-
-
-
-
-

0.0 —
-0.2 -
-0.4 —

(9.) Ajewoue ainjesadwa |

1200 1400 1600 1800 2000

1000

Year




The hockey graph

For further back, look at other data sets
4.2 The long-term climate record

Rocks form in presence of liquid water

Oldest rocks 4 billion years old, therefore water 4 billion years ago 

Evidence of glaciation (abrasion and geological formations)
Snowball earth (700 million years ago)
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Temperature of polar regions for the past 70 million years (ocean sediments). 

Much warmer 50 million years ago (Eocene) - no glaciation

Sharp spike 55 million years ago – Paleocene-Eocene Thermal Maximum

Response to massive release of greenhouse gases

Measured from IODP cores
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Average relative temperature over the past 4 million years
Last 4 million years; temperature also cooling, but finer details

Oscillations between warmer and cooler periods

Ice ages and interglacials 

Frequency of oscillation: 40,000 year intervals (3 million years ago )





100,000 years (1 million years ago)
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Temperature anomaly of the southern pole (Antarctic ice cores)
Clear 100,000 year cycle; slow cooling, faster warming

Long glacials (100,000 yr) punctuated by short interglacials (10-50,000 yr)

Last ice age: 10,000 yr ago

Current: interglacial (10,000 years already)
Note: average global temp was 5-8°C during ice ages, not very different 
Note: strong correlation with atmospheric carbon dioxide

Sensitivity of climate to small changes in T
4.3 Recent temperature record in context
The Earth’s climate has varied considerably in the past.  It has been both much hotter and much colder than today. However:
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Average temperature anomaly for the northern hemisphere for the past 1000 years, calculated relative to the 1961-1990 average. Combination of multiple proxy and modern thermometer records
Three distinct periods

 Medieval Warm period (MWP)

Little Ice Age (LIA)

Fast warming since 19th century
Conclusions

Earth has been warming for several decades now

Climate has warmed 0.76°C during the last 100 years

The last decades hottest for 400 years (warmer than MWP?)

Rapid warming in comparison with past ice ages (5-8°C in 20,000 yrs)
Expect large and rapid warming in 21st century

