
Next Week for Tues, please read Joughin et al 2008

Dr. Joughin will lecture on Tues (Iʼm out of town)

Then next week Thurs (Iʼll be here) but we have 

visitor Dr. Jen Kay from NCAR to discuss her paper.

For Thurs, please read Kay et al (unpublished)

ALSO I need two volunteers to lead the discussion 

of Serreze et al 2007 for Thursday 



Donʼt miss Prof. Pierrehumbert today 4/14 3:30



Corrections/clarifications

HW1  Q1 part 2 donʼt give the trivial answer B=0

Lecture notes handed out on EBMs p5, > and < were 
missing.

both corrections fixed on web pdfs.



Today we will discuss 

1)  Modeling the Pliocene warmth: Contribution of 
atmosphere, ocean and cryosphere

2)  The pliocene paradox (Mechanisms for a 

permanent El Nino

Where is there so little ice? What does this mean for 

the future?



Cooling over the past 65 mi yrs is due to “drifting of the 

continents, accompanied by changes in ocean-basins 

geometry, mountain building, volcanic eruptions, and other 
phenomena” (vegetation evolution)

Fedora et al 2006



The Middle Pliocene (~3.0 Mya)�

The Last Great Global Warming

Some of these slides 

are from Mark Chandler

Columbia University



Pliocene 
Research, 

Interpretation 
and Synoptic 
Mapping !

Feb SST

Elevation Land Cover

Sea Ice

Aug SST



3 Mya

2005

Two different

climate states

Same approx.

CO2 forcing!!!



Why was it warmer in early Pliocene?

CO2 was 400ppm
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Middle Pliocene Sea Level Rise

Modern Shoreline

Pliocene Shoreline
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Pliocene 
Research, 

Interpretation 
and Synoptic 
Mapping !

One purpose of these “mapping” 

projects is to provide boundary 

conditions for GCMs. Tropical SST 
in both PRISM and CLIMAP (for 

the LGM) have been criticized.



Yin and Battisti 2001, show that the reconstructed SST at LGM are WARMER 

than at present. This wreaked havoc in their simulations of stationary waves. 
Tropical SST errors caused at atmospheric circulation errors that were similar to 

slapping an ice sheet over North America. So beware, the SST reconstruction…



So maybe an ocean General Circulation Model is better than the reconstructed 

SST? 

It certainly has become the fashion in paleoclimate modeling



Warm surface ocean in the high latitudes is needed

• eliminates sea ice effectively

• warms land too much for ice sheets to grow/survive

Easy to accomplish if ocean heat transport is higher.

Isthmus of Panama shut at about 3 Myr. Is it the answer?

Not according to climate models (recall Enderton and Marshall, 

2009)



The next 4 slides are from Haywood and Valdes

Their bottomline are

1)  Taking away Greenland and Antarctica ice has the 

biggest cooling effect, but are these really 

boundary conditions? 

2)  Massive ocean circulation changes but still not 

much different ocean heat transport









change in absorbed shortwave ∆Q = -2.3 W/m2 from ice 

and -1.8 W/m2 more from clouds, both positive 

feedbacks 



Fedora et al 2006

Taking away ice sheets isnʼt as important as 
increasing SST (they claim this according to study by 

Crowley in 1996, I suggest caution in believing this)

How can SST change?

Panama opens at the wrong time, so they say.

Dismiss idea of heat transport because they claim it 

involves a negative feedback (heat transport, alters 

pole to equator temperature gradient which in turn 
damps heat transport)



Fedora et al 2006

No such feedback with moisture transport

Tropics drive moisture transport (?)

Evidence that east-west temperature gradient was 

smaller in Pliocene, which today we associate with El 
Nino
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Fedora et al 2006

During Pliocene they argue the ocean heat transport 
was REDUCED, because the tropics were warmer 

than usual and the thermocline was deeper. The 

tropical ocean would then absorb less heat and 

transport less northward.

They argue this was reinforced by the Bjerknes 

feedback where the winds blow from cold to warm. If 

eastern tropical Pac is anomalously warm, then the 

winds are anomalously westerly, which deepens the 

thermocline… 

Also by low cloud changes



What could have caused a permanent El Nino in the past?

Open Isthmus of Panama

Deeper tropical thermocline. More rainfall in the eastern 
tropics from higher CO2 weakening ocean heat transport - 

Fedora et al 2006 (not clear in global climate models)

Super rotating atmosphere (atmosphere rotating

faster than Earth causing westerlies in tropics rather
than easterlies that are present today) - Battisti has said 

this for years, Recent paper by Tziperman and Farrell 
(2008)

More frequent and intense El Nino/La Nina cycles during 
NH summer (not a permanent El Nino) - Wunsch 2009



Fedora et al 2006

The tropics are not that sensitive to precessional 
variations (no effect on annual insolation, too fast)


