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Presentation Notes
Good morning, everyone, today I would like to show some very interesting results about multi-decadal Arctic variability of our mid-Cretaceous simulations, first of all, I would like to thank nan, christine, esther and Bruce from NCAR, without their effort in setting up the model, nothing here would be possible 



Recent Arctic variability and the potential causes

The warming in the early 20th is
likely due to natural variability,
and linked to sea-ice variability.

Bengtsson et al., 2004

Induced by modifications in the meridional heat transport between
the Arctic and North Atlantic via:

 Atmospheric variability (NAO/AO)
 Wind-driven Arctic Ocean Oscillatory (AOO)
 Variability of the meridional overturning circulation (MOC)

Goosse and Holland, 2005
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NAO: north atlantic oscillation, AO: Arctic Oscillation,  the multi-decadal Arctic variability  has been widely studies through model and observed data, a well known example is the early 20th abrupt warming, which lasts from about 1920-1960, and is comparable to the late 20th anthenropogenic warming. Fundenmentally, the variability is induced by changes in meridional heat transport between arctic and north atlantic via atm or ocean, and sea-ice is usually considered an important amplifer. So here, I am trying to identify whether such variability exsited in the mid-Cretaceous, when the ocean was ice free and the N.A were still under formation



Methodology

Mid-Cretaceous (100 ma)

Model:
T31x3 CCSM3 with dynamic vegetation model

Experiments:
 Mid-Cretaceous paleogeography and 

bathymetry.
 99% of modern solar constant
 Four experiments initialized from 

a previous Cretaceous simulation.

Source: Scotese PALEOMAP project)
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As shown in next slides, this it the paleogeography we used, it is quite different from modern ocean configuration, with a wide and shallow connection between the Arctic and Pacific, while the Arctric and north atlantic were only connected via some narrow seaways.



Simulated mean climate 
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Presentation Notes
The table showed some climatology of our four simulations, all the results were averaged over the last one hundred years, Averaged over the last 100 yrs.



Time series of Arctic SAT
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Presentation Notes
Previous studies already show that surface air temperature is a good indicater of Arctic variability in CCSM 2, hence we started from showing the Arctic temperature anomalies.The occurrence of multi-decadal    variability with a magnitude    similar to the early 20th decreases     with warmer mean climate.



Variability of Arctic SAT
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Previous studies already show that surface air temperature is a good indicater of Arctic variability in CCSM 2, hence we started from showing the Arctic temperature anomalies.The occurrence of multi-decadal    variability with a magnitude    similar to the early 20th decreases     with warmer mean climate.



Simulated Arctic variability :spectrum of SAT 
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Previous studies already show that surface air temperature is a good indicater of Arctic variability in CCSM 2, hence we started from showing the Arctic temperature anomalies.



The role of meridional heat transport

The driving role of oceanic heat
transport is persistent.

 The leading role of atmospheric
heat transport decreases with 
warmer climate.
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negative means the meridional heat transport leading the SAT changes,



Variability of MOC
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no dominant multi-scale frequency, more interested in whether the abrupt change is linked to MOC , 10xv, slow reintensification of MOC ~6 Sv (50%)



The role of MOC

MOC variation is a response rather than a driver of the anomalous 
OHT except in the 16xv experiment.

yr 750-900
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negative means the meridional heat transport leading the SAT changes, before the abrupt warming, 600-800 yr, no correlation between moc, after the abrupt warming, 1200-1600, no correlation,



Atmospheric variability: PSL EOF1

T41 modern CCSM3 simulation
Yeager et al., 2006
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negative means the meridional heat transport leading the SAT changes, before the abrupt warming, 600-800 yr, no correlation between moc, after the abrupt warming, 1200-1600, no correlation,



The role of sea-ice

Atmospheric circulation triggers changes in sea-ice, which
influences oceanic heat transport.
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negative means the meridional heat transport leading the SAT changes, before the abrupt warming, 600-800 yr, no correlation between moc, after the abrupt warming, 1200-1600, no correlation,



The role of BSF
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When bsf lead 0~1 yr, negative means the meridional heat transport leading the SAT changes, before the abrupt warming, 600-800 yr, no correlation between moc, after the abrupt warming, 1200-1600, no correlation,



The role of cloud radiative forcing

Positive cloud feedbacks in the ice-free simulations.
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negative means the meridional heat transport leading the SAT changes, before the abrupt warming, 600-800 yr, no correlation between moc, after the abrupt warming, 1200-1600, no correlation,



Summary:

 The multi-decadal Arctic variability varies with mean climate in terms
of regularity and magnitude.

 Anomalous oceanic heat transport acts as a driver for the Arctic 
multi-decadal variability, which is due to atmosphere-sea ice 
interaction in the 1xv experiment, and due to changes in BSF in
the ice-free 10xn and 10xv experiment. In contrast, MOC variation 
can be only considered a response to the Arctic change. 

 Anomalous atmospheric circulation leads to the Arctic
multi-decadal variability when sea-ice feedback is significant.

 Cloud feedbacks tend to damp the variability in the 1xv experiment, 
yet to reinforce the variability in the rest ice-free warm simulations.
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negative means the meridional heat transport leading the SAT changes, before the abrupt warming, 600-800 yr, no correlation between moc, after the abrupt warming, 1200-1600, no correlation,



Examples of warming events
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negative means the meridional heat transport leading the SAT changes, before the abrupt warming, 600-800 yr, no correlation between moc, after the abrupt warming, 1200-1600, no correlation,



Methods

• Remove least-squared quadratic trend
• Hanning-window with a bandwidth of 11 

applied prior to spectrum
• 10-year running mean is applied prior to 

regression/correlation
•



Warming events





CRF
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