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Abstract

In this project, we have conducted numerical investigations of impacts of oceanic fronts and eddies associated with strong
western boundary currents on oceanic and/or atmospheric large-scale circulation and oceanic ecosystem. In this report, we
briefly introduce 1) impacts of the Gulf Stream on the rapid development of an extratropical cyclone, 2) a new convection

scheme implemented in an atmospheric model and application of shallow convective closure in the scheme, and 3) how

oceanic deep zonal jets are deterministic or stochastic, from the results in FY2018.
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1. Introduction

In this project, we numerically investigate impacts of
oceanic fronts and eddies associated with strong western
boundary currents on oceanic and/or atmospheric large-scale
circulation and oceanic ecosystem. With the investigations,
we will improve our understanding of roles of oceanic fine
structures in climate and its variability and predictability. In
this report, we briefly introduce several achievements from
those in FY2018.

2. Results in FY2018
2-1. Impact of the Gulf Stream on the development of a
“superbomb” cyclone

On 4 January 2018, an extremely rapidly developing
extratropical cyclone, which is referred to as “super bomb”
cyclone in this report, appeared over the Gulf Stream. This
cyclone brought a strong blizzard on the United States and
Canada, causing severe weather disasters. This study
examined the cause of the extremely rapid development of the
cyclone using the Cloud Resolving Storm Simulator (CReSS)
with a 0.02°-horizontal resolution. We specifically focused on
the role of the moisture and heat supply from the Gulf Stream
in the rapid development process.

The control experiment successfully simulated the
extremely rapid development of the cyclone and its associated
cloud and precipitation. Moreover, latent and sensible heat
fluxes from the Gulf Stream became evident around the cold
conveyor belt (CCB) of the cyclone in the control experiment
during the rapid development phase. To evaluate the influence
of the latent and sensible heat fluxes on the cyclone

development, we conducted a numerical experiment without
those heat fluxes. In the sensitivity experiment, the cyclone’s
intensification was significantly suppressed. The difference in
the cyclone central pressure between the two experiments
reached about 25 hPa. These results indicated that the
moisture and heat supply from the warm current is a key
factor leading to the rapid development of the “superbomb”
cyclone.

We investigated how the heat fluxes from the Gulf Stream
affected the rapid development of the cyclone by analyzing
the experimental results. The CCB, which is characterized by
strong, dry, and cold wind, played an important role in
promoting the heat fluxes from the Gulf Stream. The heat
fluxes from the ocean created the convectively unstable layer
near the surface. When this unstable layer was lifted along the
meso-scale frontal zone to the northwest of the cyclone center,
the instability was released and the resultant latent heating
(LH) occurred. The LH further intensified the cyclone and the
associated CCB. This successive process is consistent with the
CCB-LH feedback process, which was proposed as a process
of the rapid development of extratropical cyclones over the
Kuroshio/Kuroshio Extension ([1]). Thus, we concluded that
the moisture and heat supply from the Gulf Stream led to the
rapid development of the “superbomb” cyclone via that
feedback process.

2-2. Implementation of a new convection scheme in AFES
A new convection scheme was developed based on
cloud-resolving simulation in our past study [2]. This scheme

improved known convection scheme’s biases such as double
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intertropical  convergence zone (ITCZ) and poor
representation of Madden-Julian oscillation (MJO). However,
its validity in other climate models and validity of the
convective closure of the scheme remained uncertain. Based
on these backgrounds, the scheme was implemented in AFES
(atmospheric general circulation model for the Earth
Simulator) to evaluate its validity in other climate model and
to examine validity of shallow convective closure in the
scheme. For the shallow convective closure, to avoid
dependence on the model parameter, a diagnostic closure was
implemented with modifying the formulation of the
convection scheme.

Three AMIP-type experiments were conducted using AFES
i.e., control experiment (RUN-CNTL), experiment using new
scheme (RUN-SC), and experiment using new scheme and
shallow convective closure (RUN-SS). Regarding the
climatology and mean states, the results indicated that
RUN-SC and RUN-SS improved climatological errors
compared to RUN-CNTL, and RUN-SS further improved the
climatological error. For the atmospheric variability, RUN-SC
and RUN-SS improved atmospheric interannual variability
associated with El Nino Southern oscillation (ENSO), and
RUN-SS further improved intraseasonal variability especially
MJO compared to RUN-SC. Analyzing the impacts of
convection scheme and the convective closure on the
simulated atmospheric circulation, it was found that the
employment of the shallow convective closure improved
features of shallow convection simulated by the new scheme,
and it contributed for improving both climatology and
variabilities.

A new convection scheme was implemented in AFES to
evaluate its validity in the model and examine application of
shallow convective closure in the scheme. New scheme with
the convective closure was found to improve both
climatology and variability, and the scheme greatly improved
intraseasonal variability relating to MJO [3].

2-3. How deterministic are the deep zonal jets?

It has been known for some time that the ocean basins are
populated by “deep zonal jets” or “striations”. Below the main
pycnocline, zonal velocity averaged over one year or more
tends to show narrow (~100 km) alternating flows extending
zonally many thousands of kilometers. There are a number of
theories to explain them. Some of them predict jets at fixed
latitudes and others imply that the positions of the jets are
random. To what extent are they random?

To answer this question, we examined a set of long-term
integrations of our semi-global, eddy- resolving ocean general
circulation model, OFES2, which is a second version of
OFES (ocean general circulation model for the Earth
Simulator). It is driven by surface fluxes derived from an
atmospheric re-analysis; started from 1958, it has been

integrated up to the end of 2018 so far. Beside this standard
run, we have ten more runs started with slightly different
initial conditions at the beginning of 1965. In the present
study we use this 10-member ensemble.

We extract zonal jets by applying a low-pass filter to the
monthly-mean zonal velocity field with a spectral band width
of 1 cycle/(2 years). In this study, we focused on the eastern
North Pacific.

Zonal jets exhibit various behaviors and have various
properties. The equatorial jets, even their variability, seem to
obey deterministic dynamics and some of the tropical jets
slowly migrate poleward coherently (ensemble members
acting similarly), whereas jets further poleward are more or
less stochastic. The subtropical jets migrate equatorward and
their positions are not very coherent; the subpolar jets are
random and without systematic migration. Jets near the coast
of North and South America tend to have shorter meridional
wavelengths than interior ones. It is not clear how the deep
jets interact (or not) with bottom trapped jets; in several cases,
however, steep bottom topography anchors deep jets, forming
quasi-barotropic jets. These jets in turn anchor shallower
counter-flowing jets on their northern and southern flanks.

These results are summarized in a manuscript to be
submitted [4].
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