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Introduction

The atmosphere and ocean interact on a wide range of

Vertical Mixing Mechanism

Coupling coefficients are used as a measure of the sensitivity of

Both stationary and transient mesoscale

spatial and temporal scales, and these interactions mesoscale atmospheric adjustment to the SSTA, explained by the

oceanic features have developed in the WC vertical mixing mechanism (VMM): stronger (weaker) winds over

warm (cold) SSTA.
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Table 1. Binned linear regression estimates of Figure 6. a) Coupling coefficients s, and
wind- and SST-derivatives coupling coefficients: sy for the wind stresses (left axis) and the
s, is between the ENS 10-m wind speed and 10-m ENS winds (right axis), respectively,
SST, 5., is between the wind stress and SST, s, @S functions of the binned ENS 10-m wind
is between wind stress divergence and speeds, from fl-filtered perturbations
downwind SST gradient, s, is between wind and for the inner domain. b) As in a)
stress curl and cross-wind SST gradient. except for the f2-filtered.

modulate weather and climate variability, as well as oceanic
and SC study cases. These mesoscale

uptake of anomalous heat and carbon. The mechanisms of
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anomalies are generated by a combination

these interactions were found to be scale-dependent. We

. , . , of oceanic processes, such as the instability
introduce a new coupling approach specifically designed for
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from 10 to several hundreds of kilometers. Our regional

_ . such as wind and heat flux anomalies.
high-resolution atmosphere-ocean coupled model features

a realistic atmospheric component and a semi-idealized Figure 2. Time-means and their standard deviations (colors)

derived from daily average fields in 2-year coupled
simulations, over the ocean grid area. (a-b) SST; (c-d)
Turbulent (latent+sensible) heat fluxes; (e-f) Wind stress

7 magnitude and vectors; (g-h) Surface current vectors,
,_\?;Hiiiéj\”/ix; - _ standard deviation of the surface currents (color), and free
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oceahic model of a zonal flow.

Methods and models

Two regions in the Southern are chosen to represent

Pressure Adjustment Mechanism

. . . This atm. response mechanism (PAM) suggests a correspondence
different ocean regimes of the zonal flow. The oceanic

sopycnals are steep and zonal ocean currents are strong in the Tra NSI|IEé nt MesosSCa Ie featu res between the wind convergence and the Laplacian of the sea level

pressure. Hydrostatic pressure response is expected to result in

SC region (“StrongCurrent”), and isopycnals are less steep with Simulated transient mesoscale variability occurred on a wide range of scales. To _ . o _ _
- : “ ” e surface winds convergence, with sufficient time and spatial scales
weaker currents in WC region (“WeakCurrent”). The coupled distinguish large-mesoscale (< 100s of km) and small-mesoscale (<10s of km) o h pib
to reach the equilibrium.
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N 2—year coupled simulations. Figure 3. Average power spectral density of the full fields (black lines) and high-pass filtered fields in the zonal
wavenumber space, for the SC and WC cases, for a) SST, b) wind stress magnitude, Wstr, and c) turbulent heat flux, TurbHF.
a) 30 f1 denotes high-pass filtered fields using quadratic loess filter with 10° x 5° half-span window; f2 denotes high-pass filtered

Summary

Two regions in the Southern Ocean represent different ocean

fields using loess filter with 150km x 150km half-span window. The spectral density was computed for the individual
latitudinal grid lines for the fields smoothed with 5-day running average, and then meridionally- and time-averaged.

o
—
(9]
Sea surface temperature, °C

o mmanglurent . Stm”g\i”(re"t\x — eddy and current regimes: WeakCurrent and StrongCurrent
4 ; | gop Fw "’3\\ {/ ) o & . - . : :
0 - !f‘/ N ”:’f"f%“ﬁ- Vertical Mixing Mechanism (VMM) of the atmospheric response is
AA JWe 1 ’ bo" ?_ ' Q}‘i well defined on both small-mesoscales and large-mesoscales

!O)WC _ e C) I N— — e —— — Consistently stronger coupling coefficients resulted for the

35°5 AT E il e PR - ~ ATM d1 27-km wind stress pert, N/m? wind stress pert., N/m?

el —————— Bi _ e T SRR — WeakCurrent domain for all pairs of variables, despite yielding

iy . f lower temporal correlations between the same pairs

Sl & : | | gt B A N T WG At WAL a3 =hePNie NC 2| o Gtiias 'S Wind speed coupling coefficients are found to be the most stable

g~ — /— o w5 0 5o o 05 o _1:5 '50-0_:25 0:20 101: 128& -450 50%55 01460 :Z 728—751 quantitative parameter of the atmospheric response

OO Figure 4. Snapshots of the high-pass filtered SSTA (isolines) Figure 5. -F:::c;c;e;m correlations between c;reslat';f,nofoe;nd wind The pressure adjustment mechanism (PA|V|) could not be

and wind stress perturbations (colors) for 15 January 2017:  ¢tress perturbations (color), and between full fields
(left column) WeakCurrefvt Case and. (right column) (contours) for (a-b) filter f1, (c-d) filter f2. Annual cycle
StrongCurrent case. (a-b) Filter f1; (c-d) filter f2. The SSTA  \yas removed from the full SST and wind stress time
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Figure 1. a) Sea surface temperature (SST) for 24 July 2015, from the NOAA OI SST & ACknOWIedgementS
0.25° database. (b-c) SST over the WC and SC regions in the onset of 2-year runs for The current work has been supported by the NSF Research Award #1559151. The computer
the three model grids. (d-e) Zonally-averaged time-mean ocean cross-sections of the resources for the model code development and part of the model runs have been provided by

potential density anomaly.

the University of Miami’s Center of Computational Science. The University Corporation of
Atmospheric Research/ Computational and Information Systems Lab (NCAR/CISL) provided a
Computing Award to use the system resources for the coupled model simulations.
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