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As a major mode of annular variability in the Southern Hemisphere, the baroclinic annular mode (BAM) represents the
hemispheric-scale pulsing of extratropical eddy activity. Focusing mainly on sub-weekly disturbances, this study assesses the
impacts of a midlatitude oceanic frontal zone on the BAM and its dynamics through a set of “aqua-planet” atmospheric general
circulation model experiments with zonally-uniform sea-surface temperature (SST) profiles prescribed. Though idealized, one
experiment with realistic frontal SST gradient reasonably well reproduces observed BAM-associated anomalies as a
manifestation of a typical lifecycle of migratory baroclinic disturbances. Qualitatively, these BAM features are also simulated
in the other experiment where the frontal SST gradient is artificially removed. However, the BAM-associated variability
weakens markedly and shifts equatorward, in association with the corresponding modifications in the climatological-mean
storm-track activity. The midlatitude oceanic frontal zone thus amplifies and anchors the BAM variability by restoring near-
surface baroclinicity through anomalous sensible heat supply from the ocean and moisture supply to cyclones, although the

BAM is essentially a manifestation of atmospheric internal dynamics.

Keywords : Storm-track, ocean front, annular mode, air-sea interaction

1. Introduction

Eastward-moving synoptic cyclones and anticyclones yield
day-to-day weather variations in midlatitudes. In addition, these
transient disturbances are an important component for the climate
system as they systematically transport heat, momentum and
moisture meridionally. Recently, a midlatitude oceanic frontal
zone, characterized by tight gradients of sea-surface temperature
(SST) as the confluence of warm and cold ocean currents, is
found important for recurrent development of transient
disturbances. An oceanic frontal zone thus not only contributes to
the formation and maintenance of a midlatitude storm-track and
eddy-driven polar-front jet (PFJY!'?! but also influences the
structure and amplitude of the Southern Annular Mode (SAM)
1341 which represents meridional wobbling of the PFJ.

Acrecent study™! postulated that the leading mode of variability
in extratropical eddy activity represents its hemispheric-scale
pulsing. This “baroclinic annular mode (BAM)” is particularly
evident in the Southern Hemisphere and characterized by quasi-
periodicity at 20-25 days®l. Although many aspects of the
dynamics of the BAM have not been fully understood, several
studies pointed out that its essence seems to lie in the dynamics
of migratory transient disturbances®®- ¢, which suggests non-
negligible impacts from an underlying oceanic frontal zone. To
verify this, the present study assesses the impacts of an oceanic
frontal zone on the BAM. More details of this study are presented
in Nakayama et al. (2021)"1,

2. Methods

As in Ogawa et al. (2016), we analyze the output of “aqua-
planet” experiments conducted with the atmospheric general
circulation model (AGCM) for Earth Simulator (AFES). The
model has horizontal resolution of T79 (~150 km grid intervals)
and 56 vertical levels up to 0.09 hPa. As a model lower-boundary
condition for the experiments, zonally-uniform SST profiles are
prescribed perpetually with no landmass and sea ice. The
meridional SST profile prescribed in the control (CTL)
experiment is based on the climatological-mean SST over the
South Indian Ocean, which is characterized by oceanic frontal
zones at 45° latitude. In the non-front (NF) experiment, by
contrast, the frontal SST gradient is artificially relaxed by raising
the SST poleward of 45°. The model was integrated for 120
months after 6 months for spin-up.

In this study, fluctuations of a given variable associated with
sub-weekly transient eddies are extracted with a high-pass filter
with a cut-off period of 8 days. The BAM is defined as the first
empirical orthogonal function (EOF) of low-frequency
variability in zonally-averaged transient eddy kinetic energy
(EKE). The normalized principal component (PC) time series
corresponding to the first EOF is defined as a “BAM index”.

3. Results
In the CTL experiment, the BAM represents the pulsing of the
storm-track activity. Specifically, BAM-associated anomalies of

-2-5



Annual Report of the Earth Simulator April 2021 - March 2022

zonal-mean EKE and poleward eddy heat flux exhibit
meridionally monopole structure which overall corresponds to
those of their climatological means. These anomalies peak at the
latitude of the oceanic frontal zone or slightly poleward,
corresponding to the peak latitude of the climatological-mean
storm-track activity.

The NF experiment also simulates the BAM, representing the
pulsing of storm-track activity. However, both the BAM-
associated anomalies of EKE and poleward eddy heat flux are
reduced by 30-60% from their counterpart in the CTL
experiment. In addition, the peaks of these BAM-associated
anomalies are shifted equatorward by ~7°.

The lag-regression analyses onto the BAM index indicate that
the entire evolution of the BAM signature corresponds to a
typical lifecycle of baroclinic disturbances. Specifically, BAM-
associated anomalies of poleward eddy heat and westerly
momentum flux maximize ~1 day before and after the peak of
the EKE anomaly, respectively. Virtually the same lead-lag
relationship is found in the NF experiment, although the
corresponding anomalies are substantially weaker and displaced
equatorward. These results suggest that the BAM is essentially a
manifestation of atmospheric internal dynamics, while the
oceanic frontal zone significantly amplifies and thereby anchors
the BAM variability.

The influence of the oceanic frontal zones on the BAM can be
highlighted in the associated heat exchanges with the underlying
ocean. In the positive phase of the BAM, the anomaly of zonal-
mean near-surface temperature is negative in the subtropics and
positive in midlatitudes, which reflects the enhanced poleward
eddy heat flux associated with the positive BAM. Meanwhile, the
anomalous sensible heat flux (SHF) from the ocean is downward
and of the warmer and cooler sides, respectively, of the oceanic
front, acting to restore the meridional gradient of near-surface
temperature (i.e., baroclinicity). In the CTL experiment, this
restoration effect (i.e., meridional gradient of SHF anomaly) is
the strongest along the oceanic frontal zone. In the NF
experiment, however, this restoration effect maximizes at ~38°
and weakens by ~65% relative to the CTL experiment. This
suggests that the enhanced anomalous SHF in the presence of the
oceanic frontal zone allows the effective restoration of near-
surface baroclinicity for recurrent development of baroclinic
disturbances and thereby maintains enhanced storm-track
activity during the positive phase of the BAM.

4. Conclusions

This study firstly suggests the significant impacts of a
midlatitude oceanic frontal zone on the structure and amplitude
of the BAM. The oceanic frontal zone acts to maintain the near-
surface baroclinicity efficiently and thereby energizes transient
disturbances, through which the BAM variability is amplified
and anchored. This study leads to a deeper and more
comprehensive understanding of the BAM dynamics, including

the influence of the ocean. In addition, following Ogawa et al.
(2016)1, this study suggests that the oceanic frontal zone largely
influences major variability in the extratropical atmosphere,
suggesting the importance of the influence of an oceanic frontal
zone in discussing not only the climatological-mean atmospheric
circulation and storm-track activity but also their variability.
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