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= Miocene Climate Optimum (MCO): an analog for future climate
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m The MCO warmth conundrum in GMST
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m The MCO warmth conundrum in GMST
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m The MCO warmth conundrum in BWT
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m The MCO warmth conundrum in BWT
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Proxies show a significant MCO warmth gap.
Can model-data comparison be helpful?
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m Model-data comparison is inconclusive in the GMST space
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Our strategy: model-data comparison in the benthic foram 6780 space
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A direct comparison with benthic foram 6180

Benthic foraminifera 6180:
» well-preserved in a stable environment
* representative of the global mean

Comparison in the proxy space: more reliable than the
comparison in the temperature space when nonlinearity
and/or multiple environmental variables are involved

» Inverse modeling: temperature = f(5'°0y, -+*)

e Forward modeling: 5180b = f(temperature, ---)

Gastaldello, M. E., Agnini, C., and Alegret, L.: Late Miocene to Early Pliocene benthic foraminifera from the Tasman Sea
(International Ocean Discovery Program Site U1506), J. Micropalaeontol., 43, 1-35, https://doi.org/10.5194/jm-43-1-2024, 2024.
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comparison in the temperature space when nonlinearity
and/or multiple environmental variables are involved

» Inverse modeling: temperature = f(5'°0y, -+*)

e Forward modeling: 5180b = f(temperature, ---)

1. equilibrated deep ocean

2. Isotope-enabled simulations
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= Isotope-enabled simulations ft. equilibrated deep ocean are RARE

Length
e MioMIP1 MCO Simulations @ this study
(Burls et al., 2021)

COSMOS Middle 3.75° x 3.75° 2,000
T31 Miocene /~3° (last 100)

(Herold

~20-14)
HadCM3L Mid 3.75° x 2.5° 2,000 ‘
- Bradshaw Miocene /3.75° x 2.5° (last 50)
CCSM3T42 MMCO T42-2.8°/1° 1,500
(MARUM) (last 100)

iIsotope-enabled
No Yes
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m ICESM1.3 MCO configuration
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isotope-enabled CESM Spectral Element (ne16) Acosta et al. (2022)

(iCESM) 1.3_hires
Brady et al. (2019)

Otto-Bliesner et al. (in prep) Boundauz Conditions

e The MioMIP1 setup
e 3xCO2, 1.5xC0O2

One of the best models simulating the
preset-day observations and the past
extreme cold and warm conditions

Zhu et al. (2019)
Chang et al. (2020)
Kageyama et al. (2020)
Lunt et al. (2021)
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m Deep ocean equilibrium achieved after 5 kyrs
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m Addressing the MCO warmth conundrum

d Global Mean Surface Temperature b Bottom Water Temperature
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m Addressing the MCO warmth conundrum
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m Addressing the MCO warmth conundrum
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m Addressing the MCO warmth conundrum
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m Bri Addressing the MCO warmth conundrum
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= Deep ocean equilibrium impacts the southern ocean surface
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m A good agreement with independent SST records

Proxies:
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m A good agreement with independent SST records
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= The 1:1 surface-deep ocean relationship during warm climates
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The deep ocean and the high latitude southern ocean is inherently linked, which
leads to a 1:1 surface-deep ocean relationship during warm climates, confirming
Hansen et al. (2013) and Evans et al. (2024).
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m Attributions of the discrepancy: H13 vs MLE (this study)
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m Attributions of the discrepancy: H13 vs MLE (this study)
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m Attributions of the discrepancy: H13 vs MLE (this study)
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m Attributions of the discrepancy: H13 vs MLE (this study)
—m-n

b . Bottom Water Temperature BWT [°C]

NAT :
© spatial

00)
I

) Mg/Ca : N/A 4.9 0.5 (27%)
o representativeness
=
§ o ice volume effect TN 4.3 0.6 (33%)
5180b
5. Hansen et al. (2013, H13)
s180 - 1.75
O' 1 1 1 1 1 O — 5 —
1 15 2 3 4 Tao (C)=5-8—=—

CO2 x 284.7 [ppm] 5180b = — O.375de| + 3.625

I mdl

18 _ <18 18N,

Motivation | Design | Results | Summary



m Summary

» The first long-run isotope-enabled MCO simulations ft. full equilibrium in deep
ocean; critical for an accurate estimate of the southern ocean surface.

» A novel analytical probabilistic approach to infer posterior AGMST and ABWT
integrating model and benthic foram data.

» MCO AGMST: 8.0 = 0.9°C, ABWT: 6.1 = (0.8°C, warmer than Westerhold et al.
(2020, Science).

> SST estimation in good agreement with independent proxies.
> 1:1 surface-deep ocean relationship during warm climates.

» Our estimation suggests equivalently a pathway of RCP8.5.
If we end up with RCP8.5 by 2100, we will physically revisit MCO: highly reduced
Antarctic ice sheet, higher sea level, global ecosystem/hydroclimate changes, etc.
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