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Paleoclimate Data

• Some References
• Time Scales of Climate Change
• Types of Data, Dating Methods
• Focus on the last 1000 yrs
• Hockey Stick Curve, Esper Flap
• Signal Detection and its Philosophy



(1999)

(1998)

Both of these books are fairly recent and very good



At an AGU Chapman Conference
 in COLO ca. 1990

This is a good overview, but
slightly out of date- GRN
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Dating Methods

• Carbon 14 Dating
• Long Lived Isotopes (e.g., Uranium, ..)
• Magnetic Field Changes



Carbon 14 Dating
• Produced by Cosmic Rays on N

Half life ~ 5730yr



Correcting the C14 time scale by tree rings



Temperatures from old snow using 18O/16O

Model of how O18/O16 Changes in Polar Air

(These ideas are based on
the O18 in H2O not in air
molecules, O2)



Vostok site



Other Holocene Data: Pollen from Peat Bogs, Lake Beds

This works for Beetles, too.

By using these data you can infer past
temperatures based on assemblages of plants
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Data on past temperatures, conditions, can be infered from lake
sediments. E.g., here are some examples from the Sahara.



Tree
Rings



You need to find
trees that are
“living on the edge”

This will amplify
the response to
change.
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Sunspots Scaled to Irradiance

This record of
Northern NA tree rings
is calibrated over the
last century to
instruments, then used
to extrapolate back.

estimation period



Controversy:
There is a variation of tree ring width with the age of the tree.
There are issues about how this affects the low frequency
(centennial) variability of the record of temperatures inferred.

See the recent paper by Esper & Frank in EOS

Esper’s reconstructions over the last 1000yrs disagree with earlier analyses by Mann,
Crowley and others. But only in low (centennial) frequencies. (important for solar issues)
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Crowley & Hegerl Reconstruction (private communication, 2004)

(Crowley & Hegerl)
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Volcanoes as derived
from ice cores

(from Tom Crowley)
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r  = 0.70 (560-1960)

Hegerl & Crowley, 2003 (GRL)

The model is a 2D EBCM with upwelling diffusion ocean (a la North-Kim)



Hegerl & Crowley, 2003 (GRL)
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Hegerl & Crowley, 2003 (GRL) Note: Long term solar is really not detectable



Detecting the 11yr Solar Cycle in the Surface

Temperature Field

by G. R. North1, Q. Wu2 and M. J. Stevens3

In the AGU Monograph edited by J. Pap et al., 2004

What’s New: This model-study employs the seasonal cycle to
improve the signal to noise ratio. There is enough gain to claim
the 11-yr solar cycle is detectable at the 95 % CL using 100yrs
of surface temperature data.



This shows how the surf temp responds to a sinusoidal solar
constant variation of amplitude 0.10%. It is very faint, but possibly
detectable. It can be used to test climate models.



This is a schematic of the procedure used in the detection scheme.

Natural variability comes from long control runs of GCMs.
Signals come from EBCM simulations. We want to ‘detect’
the strength of signals embedded in the noise. We detect all
four signals simultaneously.



36 sites used in North/Wu/Stevens signal detection study

Chosen for coverage, quality, representativeness, each site is a
10 by10 deg box with at least 4 records extending 100yrs.



Uses 20 tropical-only sites
Uses all 36 sites (noise reduced)

95% Confidence Level for the 11-yr Solar Signal

These different models are used to establish the ‘noise’

Moral: Taken across all of these noise models, it appears we have 95% confidence



Conclusions

• Paleoclimate Data is Controversial but Rapidly
Improving
– Watch: dendro, pollen, beetle, ice core, corals

• Detection of Solar Signals:
– Not so obvious on longer time scales

(see following speakers)
• Detection of 11yr cycle in Surf Temp Data

– is pretty secure (~95% CL)
– possibly good as a solar cycle detector


