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The big question:

How does the tropical Pacific respond to the elevated
concentrations of greenhouse gases in the atmosphere
(e.g. the SST gradient along the equator)?




I Outline: I

» Paleo-observations of the tropical climate state in the early
Pliocene: permanent EI Nino and meridional expansion of the
tropical warm pool

»Mechanisms for sustaining a permanent El Nino: results from
ocean modeling

» What controls the temperature of the equatorial cold tongue?
» Climate impacts.: modeling with atmospheric GCMs
» A potential role for hurricanes in the early Pliocene climate?

» Implications for coupled modeling

» Implications for the onset of glacial cycles
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. Pacific (4Ma): -

Zonal temperature gradient (between the East and West Pacific):

Present: AT~6°C
Pliocene (~4Ma): AT <1°C - permanent El Nino!

Meridional temperature gradient (between 0° and 30°N/S):

Present: AT~10°C
Pliocene: AT~2°C - meridional expansion of the warm pool!

All of these with CO, at 350-400ppm!




Mechanisms for sustaining a

Permanent El Nino: Results
from ocean modeling
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Wind-Driven Circulation:
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Climate impacts. modeling

with atmospheric GCMs
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Tropical warm pool Hypothetical warm pool in
observation he early Pliocene (~4Ma)
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Calculations with an atmospheric GCM:

Present-Day Early Pliocene
Note: the vertical velocity is scaled by 10’ Note: the vertical velocity is scaled by 10°
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Calculations with an atmospheric GCM:

(a) Present Day
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(c) Present Day
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Implied northward heat transport by the ocean and the
atmosphere (from atmospheric GCM)
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The poleward heat transport paradox for the Pliocene
tropical state:

(1) the atmosphere requires the ocean to increase its poleward heat
transport (in an atmospheric GCM)

(2) the ocean needs to reduce its heat transport (in an ocean GCM)

(1) contradicts (2)

Thus, an additional mechanism is needed for transporting heat
either by the ocean or the atmosphere or simply an increased
heat uptake by the ocean. This mechanism is presumably absent
in the current generation of coupled models.




' " Sustaining the Pliocene

N (and other equable) climate :
. Is there arole for
B hurricanes?
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Statistical downscaling model
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(a) Changes in JJA surface air temperature and pressure (°C, hPa)
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Summary:

If the proxy temperature data are correct:

»The early Pliocene (4Ma) is characterized by significantly reduced
zonal (along the equator) and meridional (from the equator to the
subtropics) SST gradients (for CO, concentrations ~ 350-400ppm)

»This implies a significant poleward expansion (50-100%) of the
tropical warm pool concurrent with permanent El Nifio-like
conditions

»This has large climatic implications for the Hadley circulation,
ITCZ, precipitation, clouds, water vapor, albedo, summer and winter
temperatures and snow cover over North America

»To fully reproduce this climate state an additional mechanism for
poleward heat transport/ heat uptake by the ocean is probably
needed. This mechanism appear to be absent in the current
generation of coupled GCMs




