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The Last Glacial Maximum (LGM)

o ~6 °C colder than the preindustrial
(Tierney et al., 2020, Nature)

o Climate forcings

* Lower GHGs (e.g., CO, = 190 ppmv)
« Expanded ice sheets
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Use LGM to assess model climate sensitivity
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Shallower AMOC (Atlantic Meridional Overturning Circulation) at

Western Atlantic GEOSECS §'3C (PDB)
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Theory of the Glacial AMOC

Modern
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CESMs are the only PMIP3/4 models that simulate a shallower glacial AMOC
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Goal: Perform LGM simulation to assess CESM3’s climate sensitivity &

AMOC

o CESM3 betaO4 (Run # 121)

CO. CO, o Boundary conditions

 |ower C02

PI
* Ice sheets: higher albedo & topography, altered
land surface, and lower sea level (~120 m)
o Initial condition: CCSM4 LGM (Brady et al., 2013, JC)

o Setup tools
co * Notebooks: https://github.com/jiang-zhu/paleowg-recipes
2 * momé_bathy by Alper Altuntas:

LGM https://github.com/NCAR/mom6 bathy
* Multiple HYCOM1 coordinate targets from Prof.
lan Grooms



Realistic LGM global temperature, supporting CESM3'’s climate

sensitivit
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Shallower and much weaker glacial AMOC

AMOC of CESM3_PI
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o Excellent agreement with Poppelmeier et al., (2023,
Nat. Geosci.): 1-km shallower & 40% weaker

o Longer simulations are needed to see whether
AMOC is stable



Consistently shallower glacial AMOC with various strength
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Weak glacial AMOC in CCSM3 and CESM3

o No overflow parameterization? (i.e., Danabasoglu et al., 2010, Otto-Bliesner et al., 2006, JC
JGR-Ocean) Brady et al., 2013, JC
Zhu et al., 2020, CP

o Larger sea ice expansion?
Zhuetal, 2022, JAMES 10



Using zstar v-coordinate produces slightly weaker AMOC

LGM Wlth hycom1
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Using zstar v-coordinate produces somewhat different MLD

PI MLD (Mar./Sep.)
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Using zstar v-coordinate leads to greater trend in deep ocean
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Sensitivity to HYCOMI coordinate targets (comparing two versions from

MLD
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CESMI1(CAMS) is the most popular model for paleoclimate research

Macarewich
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Hu Group (China): 54 time-slices of past 540 million yrs U Mich _ NCA UW-Madisgn CA

Timmerman Group (South Korea): transient simulation of
the last 2 million years

PALMOD Group (Germany): transient deglaciation with ice
sheets & carbon cycle
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Challenges: How to develop ocean grid for MOM6?

Present Day Eocene (50 million years ago) Permian-Triassic (250 million years ago)

16



Challenges: How to develop and evaluate the vertical coordinates?
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Challenges: How to use hybrid coordinates in transient simulations with large, abrupt

changes?
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o CESM3 LGM simulations show
* Realistic glacial temperatures, supporting its climate sensitivity
* A shallower (& weaker) AMOC, agreeing well with proxy data and theory

* Some dependence on choices/details of MOM®6 vertical coordinates over the
deep-water formation region

o For successful paleo-applications of CESM-MOM&6, we need
» Tools and scientific considerations for grid and vertical coordinate development
and evaluation

* A coarser resolution for faster throughput

Thank you!
jiangzhu@ucar.edu
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Sensitivity to vertical coordinates? Z* vs HYCOMI

LGM AMOC 2 Sv stronger with hybrid vertical coordinate

AMOC of R095_PI

AMOC of R095_z_LGM
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