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Bubbles in ice record the chemistry of the atmosphere over the past million years

The ice core data also shows that CO2 and methane levels have been remarkably stable in Antarctica--varying between 300 ppm and 180 ppm--over that entire period and that shifts in levels of these gases took at least 800 years, compared to the roughly 100 years in which humans have increased atmospheric CO2 levels to their present high. "We have added another piece of information showing that the timescales on which humans have changed the composition of the atmosphere are extremely short compared to the natural time cycles of the climate system," says Thomas Stocker of the University of Bern in Switzerland, who led the research. Ed Brook
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Pollen in lake sediments tell us about revegetation after retreat of the massive Laurentide ice shet 18 ka.
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Tree rings provide insight to annual climate variations, such as  Megadroughts in north america hundreds of years ago.


Reconstructing past climate
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Climate archives and the variations they record: Why past climate changes and how we learn about it: Source: NASA, SOHO - SUMER Satellite Instrument).
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Talk outline:
A trip through geologic
time

Take away points:
e Climate change
through time

* What past climate
change adds to the
climate story

e What type of
“archives” and data do
we have
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e Changes in plate tectonics and the related changes
In carbon dioxide (100,000’s to millions of years)

e Changes in the earth’s orbit, “Milankovitch” cycles
(10,000’s to 100,000’s years)

e Changes in the sun’s strength (very short... to very
[o]gle)


Presenter
Presentation Notes
4.54 billion years
Billions to hundreds of thousands of years
Go through the cycles of 
- the reading places the detailed concepts we have examined into a broader context
- making the figures and captions will help in preparation of your final project
- choosing the figures and writing captions will test your understandig of the concepts we’ve covered
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Climate archives:
what records do we have?

Time span of record
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Climate
archives:
what
InNformation do  cyosphere
we need?
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Geologic Time:
“Deep time problems”
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Geologic Time:
“Snow ball earth”

Setting the stage:

“different boundary conditions”

* Neoproterozoic, 750 to 550

ma

(ma = million years ago)
e faint young sun, ~6% fainter

e more continents at low latitudes

* no multicellular life, no land plants:

precedes the Cambrian ex

nlosion



Geologic Time:
“Snow ball earth”

Paleo-data
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Rock record
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Geologic Time:
“Snow ball earth”
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Geologic Time:
“Deep time problems”
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Geologic Time:
“Warm climates”

Setting the stage:
“different boundary conditions”

e Paleozoic, Mesozoic, start of the
Cenozic

« Often modeling focuses on: Late
Cretaceous and Early Paleogene

(~100-35 MaYr)

e continents migrated so there are now
polar continents
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Links: NLR and LMA
Mention: Start with Crocks. This is the sort of evidence that first tipped people off that something interesting must have happened in deap time. Make sure to explain all the abbreviations and go slowly over data and implications.
Lead: End with pointing out Eocene planktonic foraminifera reconstruction. Explain and use this to lead into next slide, benthic foraminifera data.


Global Warming Predictions

2070-2100 Prediction
vs. 1960-1990
Average

Based on HadCM3

T o
Temperature Increase (°C)

=30
absolute latitude
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Mention: Start with Crocks. This is the sort of evidence that first tipped people off that something interesting must have happened in deap time. Make sure to explain all the abbreviations and go slowly over data and implications.
Lead: End with pointing out Eocene planktonic foraminifera reconstruction. Explain and use this to lead into next slide, benthic foraminifera data.


Geologic Time:
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Climate archives:
what records do we have?

Time span of record

108 107 10% 10> 10* 103 102 10 1yr

Instrumental

Historical

lce cores

Lake sediments

Coral reefs

Ocean sediments

Continental coastal sediments
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- examining scientific context is 
- choosing the figures and writing captions will test your understandig of the concepts we’ve covered



Ocean Drilling
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Deep sea Ccores
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Ocean Plankton:
live near surface
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THREE OXYGEN ISOTOPES

oxygen 16 oxygen 17 oxygen 18

Mud!



lce volume changes the water composition

Evaporation prefers oxygen-16 over oxygen-18
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Climate data: A 65 million
year (“Cenozoic”)
environmental record from
deep sea sediments
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Climate data: A 65 million year (“Cenozoic”)
environmental record from deep sea sediments
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- examining scientific context is 
- choosing the figures and writing captions will test your understandig of the concepts we’ve covered



Climate data: A 65 million year (“Cenozoic”)
environmental record from deep sea sediments
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- examining scientific context is 
- choosing the figures and writing captions will test your understandig of the concepts we’ve covered
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- examining scientific context is 
- choosing the figures and writing captions will test your understandig of the concepts we’ve covered



e Earth orbitals

Obliquity Cycle (41 k.y.)

ormal to Ecptc

It R utherford (1997)

Precession of the Equinoxes (19 and 23 k.y.)

Narthem hemisphere tilted toward tﬁg“sun at aphelion.



Visualization of Milankovitch Climate Change Theory
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Glacial-interglacial cycles
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Glacial climate In ice cores







Alr trapped as bubbles...
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Snow Accumulation Rates
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How does this manifest in the
__climate records?_
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The pull of the Sun and the Moon on Earth’s�     equatorial bulge


“EPICA”... the
oldest

Ice core
records so far
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Epica... the raw records
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Atmospheric gases...
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Alr temperature and glaciers
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Comparlson of climate records
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Abrupt climate
oscillations
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DAbrupt climate change recorded In

greenland...
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 Intensification of NADW formation would cause rapid warmings in Greenland and other land masses adjacent to the North Atlantic,  which can explain the impressive magnitude of the climate changes as well as  their rapidity. These dramatic climate changes were not restricted to Greenland  and nearby boreal areas, as evidenced by the GRIP CH record [  Chappellaz et al., 1993].
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Abrupt events recorded in ice
cores

Temperatures in Greenland
over the past 100,000 years
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How do we go older?
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matching patterns in ring widths  or other ring characteristics (such as ring density patterns) among  several tree-ring series allow the identification of the exact year in  which each tree ring was formed. 
For example, one can date the  construction of a building, such as a barn or Indian pueblo, by matching  the tree-ring patterns of wood taken from the buildings with tree-ring  patterns from living trees. 
Crossdating is considered the fundamental  principle of dendrochronology - without the precision given by  crossdating, the dating of tree rings would be nothing more than simple  ring counting!


Correlation and Crossdating
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matching patterns in ring widths  or other ring characteristics (such as ring density patterns) among  several tree-ring series allow the identification of the exact year in  which each tree ring was formed. 
For example, one can date the  construction of a building, such as a barn or Indian pueblo, by matching  the tree-ring patterns of wood taken from the buildings with tree-ring  patterns from living trees. 
Crossdating is considered the fundamental  principle of dendrochronology - without the precision given by  crossdating, the dating of tree rings would be nothing more than simple  ring counting!
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Reconstructing temperature
change... the controversy
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Presentation Notes
H temperature histories. Comparison of multiproxy reconstructions of the NH annual mean temperature (1-3) with model simulations (9, 17-19). Gerber I, 1.5oC for CO2 doubling; Gerber II, 2.5oC for CO2 doubling. Also shown is a reconstruction of summer extratropical continental NH temperatures (5). All reconstructions have been scaled to the NH instrumental record (20) over the 1856 to 1980 period, and have been smoothed on time scales of >40 years to highlight the long-term variations.
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time

Take away points:
e Climate change
through time

* What past climate
change adds to the
climate story

e What type of
“archives” and data do
we have
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