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• Uncertain long-term 
AMOC changes from 
modern observations

• Uncertain role of 
AMOC changes in the 
present “warming 
hole”

• Recent geological past 
with large AMOC and 
temperature changes

Caesar et al. (2018) Nature

Kilbourne et al. (2022) Nature Geoscience

Background and motivation
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Thermal bipolar seesaw (TBS)
A concept describing the meridional heat transport leading to 

asynchronous temperature changes between both hemispheres

Modified after Davtian & Bard (2023) PNAS

Τ

Stocker & Johnsen (2003) Paleoceanography

Τ = time characteristic
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Main objectives
1. Generate high-resolution 

SST records from the 
Iberian Margin (e.g.,     
RI-OH′, TEX86, and UK′

37)

2. Revisit the classical TBS 
diagram and TBS model

3. Extend the TBS model 
with two new TBS 
diagrams and a new 
climatic index

Davtian & Bard (2023) PNAS
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Faithful RI-OH′-based paleothermometry

Modified after
Davtian et al. (2021) Paleoceanography and Paleoclimatology

RI-OH′ TEX86 UK′
37
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• Iberian Margin SST 
records faithfully 
capture contrasting 
H-DO SST cooling 
amplitudes

• Greenland Tair record 
appears “truncated”

• Need to revisit and 
extend the TBS model

Contrasting H-DO SST coolings

Davtian & Bard (2023) PNAS
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• Strong relationships 
with the following 
physical basis:

    ΔTs ≈
ΔTn
2Τ ∙Δtn

• A few consistent DO-AIM 
deviations from linear 
regression lines

• Iberian Margin SST 
records yield the best 
regression fits

Classical TBS diagrams

Davtian & Bard (2023) PNAS
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• Application of the TBS 
model by Stocker & 
Johnsen (2003)

• Good agreements with a 
real Antarctic Tair record

• Iberian Margin SST 
records as TBS model 
inputs yield the best 
data-model agreements

Classical TBS model

Davtian & Bard (2023) PNAS
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• 1st extended TBS diagram: 
Same physical basis as for 
the classical TBS diagram

ΔTs ≈
ΔTn
2Τ ∙Δtn

=
1

2Τ ∙ΔTn∙Δtn

• 2nd extended TBS diagram: 
Two products proportional 
to heat loss or conservation 
and a Bipolar Seesaw Index 
(BSI)

Extended TBS diagrams

Davtian & Bard (2023) PNAS
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Bipolar Seesaw Index (BSI)

Davtian & Bard (2023) PNAS

• BSI distinguishes abrupt cooling events with and without H events

• A continuum of BSI values -> at least three different climate states?
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Key points and conclusions

1. Iberian Margin SST records based on novel (RI-OH′) and 
established (e.g., UK′

37) proxies faithfully capture contrasting
H-DO SST cooling amplitudes

2. Iberian Margin SST records provide a stronger confirmation of 
the classical TBS model than does the Greenland Tair record

3. Contrasting H-DO cooling amplitudes from Iberian Margin SST 
records motivate two extensions of the TBS model and a 
Bipolar Seesaw Index
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