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MESACLIP: Understanding the Role
of MESoscale Atmosphere-Oceadn
Interactions in Seasonal-to-
Decadal CLiImate Prediction

Based on the Community Earth
System Model version 1.3, CESM1.3;

Horizontal resolution: 0.1° ocean and
sea ice, 0.25° atmosphere and land,;

Parallel Ocean Program version 2
(POP2) with 62 vertical levels and no
meso-, submeso-scale, or overflow
parameterizations.
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CESM-HR code has been ported and
optimized for multiple HPC systems,
including Frontera at Texas Advanced
Computing Center (TACC) and Derecho
at NSF NCAR Wyoming Supercomputer
Center (NWSC);

On 28 544 CPU cores on Derecho,
CESM-HR achieves ~5 simulated years
per day with IO;

CESM-HR / CESM-LR cost ratio ~ 100!

10 000+ yrs of CESM-HR simulations and
~7 PB data volume!



CESM-HR Simulations

500-year PI control;

80-year 1%C0O,; 150-year 4xCO,;
600-yr North Atlantic hosing;
10-member (1850) 1920-2005 historical; .
10-member 2006-2100 transient w/ RCP8.5; w g~ -
10-member 2006-2100 transient w/ RCP6.0; :

Jan 01, 2100

- —

1-member 2006-2100 transient w/ RCP2.6;
6-member 1970-2020 Ozone withholding;
5-member 1950-2014 AMIP;

All HighResMIP coupled and AMIP; N
5 cycles of 1958-2018 OMIP (FOSI); °

and Visualization Credit: Matt Rehme, Visualization
Corresponding low-res (~1°) simulations Services and Research Group, NSF NCAR CISL

Datasets are available to the community!



Southern Ocean Trends (1980-2022)

Manuscript in review in Nature
Communications Earth & Environment

Travis R. Prochko and Co-Authors
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SST Linear Trends in the Southern Ocean & @nNcar

e HR e LR e LENS

ERSSTvH

Mean(120°W-80°W, 10°S-30°S)

0.30 3
< 025
B 0.20
o ° . &%
3 015 O
& e (
S o010y ° -
c A r4
g 0.057¢ 6::- :e:
fh 0.00T%;
wn
—-0.051
HR LR LENS
e HR e LR e LENS
Box Mean (South of 50°S)
e @ o,
® ° de
) °v
T 0.101 » 9!
8 °° e ‘o'l
g | - 3
O 0.05] % . 4
o, )
©
5 0.00
= °
'_
)]
Y _0.05 +— ERSST
.. : , SST change [°C/decade]
HR LR LENS

-0.2 -0.1 0 0.1 0.2



Role of Antarctic Ozone Hole @
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The Antarctic ozone hole and the pattern effect on
climate sensitivity

Dennis L. Hartmann®' 2022
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Ozone hole results in
increased westerlies at the
Southern Ocean (SO)
latitudes, leading to
cooling in the SO.
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There is an associated
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Sea Level Pressure and Zonal Wind Stress Trends | & NCAR
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SLP and TAUX Trends from AMIP Simulations
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Both HR and
LR AMIP
simulations
use the same
0.25° SST field

1980-2014
trends
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Upper-Ocean Temperature Trends from FOSI
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Meridional Heat Transports from FOSI
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Meridional Overturning Circulation in FOSI
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SST, SLP, and TAUX Trends in CESM-HR $ #nNcar
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Meridional Heat Transport Trends in CESM-HR
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Ssummary

A large volume of high-resolution simulation datasets is available to the
community.

HR simulations capture the observed Southern Ocean surface cooling trends
which are missing in the LR simulations.

In LR, eddy compensation is strong, impacting southward heat transport
significantly.

In contrast, eddy compensation [ contribution is rather small in HR; the total
heat transport is largely dictated by the mean flow.

While the ozone-driven intensification of the westerlies initiates surface cooling
through enhanced equatorward Ekman transport, the persistence and
amplification of this cooling is regulated by oceanic eddy compensation.

Both external forcing and internal variability are important!



Eddy Compensation & | @ Near
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