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1. Introduction

Despite increasing evidence for extra-tropical sea surface
temperature (SST) front influence on the atmospheric circulation
variability, it remains to be clarified how significant such
influence is, which is particularly related to the resolution
dependency and the uncertainty of the atmospheric response to
underlying SST forcing. Smirnov et al. (2015) compared
AGCM simulations at two different horizontal resolutions and
succeeded to obtain a distinct local atmospheric response to
prescribed SST in Oyashio Extension (OE) only in the higher
resolution AGCM. Meanwhile, several studies reproduced the
observed atmospheric circulation responses in lower resolution
models (Taguchi et al, 2012; Okajima et al 2014). Czaja et al
(2019) classified studies that examined both the observed and
simulated atmospheric response to meridional shift of OE in
terms of the amplitude of upper tropospheric geopotential height
response, showing that the estimate of the observed atmospheric
response has large uncertainty among the studies, while
simulated response is smaller than the observed response. In
this study, we aim at separating the atmospheric response from
internal variability that inevitably included in the observational
estimate and examining the resolution dependency of the
estimated forced component of atmospheric circulation response.

2. Method

In this study we use ensemble AGCM simulations and
atmospheric reanalysis data complementary. We have performed
4 sets of AGCM simulations using AFES (AGCM for the Earth
Simulator; Kuwano-Yoshida et al 2010 and references therein),
with two different SST boundary conditions and two different
horizontal resolutions. The control run is integrated for the

period 1982-2013 with high-resolution satellite-observed daily
SST (OISST; Reynolds et al 2007) and the smoothed run is
forced with a similar SST field but the one in which mid-latitude
SST is smoothed out. We have 15-member ensemble for T119
(~100km) resolution and 5-member ensemble for T239 (~50 km)
resolution.

To extract forced component of atmospheric variability driven
by the extratropical SST anomaly, we follow a methodology
which was recently applied by Mori et al. (2019) for the
atmospheric response to Arctic sea-ice reduction. Specifically,
we first concatenate each of the 31-year simulations from all the
ensemble members from all the 4 experiments. Here we repeat
high-resolution T239 ensemble members 3 times to make each
of 4 experiments have the same weight for the analysis. We
obtain totally 1860 years of simulated data. We also repeat 31-
years of JRASS data 60 times to make it to have the same data
length as the simulations. Then we perform SVD analysis for an
atmospheric field of interest in a targeted region between the
AGCM simulation and JRASS.
temporally co-varying patterns for AGCMs and JRASS as

This analysis yields a

components that are forced by lower boundary conditions such
as SST and sea-ice.

3. Result
a. Extracted forced component of Near-surface baroclinicity
We applied SVD analysis to winter-time (December through
February; DJF) mean near-surface (925 hPa) baroclinicity in the
Kuroshio-Oyashio Extension (KOE; 30°-45°N,142°E-160°W)
region between the 60 times repeated JRAS5 and 60 members
AGCM simulations from all 4 experiments merged. Since we are
interested in the atmospheric response to low-frequency extra-
tropical SST anomalies, we statistically remove signals

-3-5
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correlated to each of the 1st PC (Principal component) through
the 5th PC of tropical SST anomalies from the near surface
baroclinicity and then apply 3-year running mean to the filtered
field prior to the SVD analysis. Thus, the extracted SVD mode
represents quasi-decadal variability largely unrelated to tropical
forcing. The resulting first SVD pattern (SVD-1) shows
enhancement of climatological mean near-surface baroclinicity
over the KOE region both in JRAS5 and AFES, which explains
87.5% of covariance ofthe baroclinicity between JRAS5 and
AFES. Expansion coefficient (EC) time series of both the data,
whose correlation is 0.80, display decadal time-scale, implying
influence of underlying oceanic variability on the atmospheric
near surface baroclinicity.

b. Atmospheric fields associated with EC-1 of baroclinicity

Atmospheric fields associated with the leading forced mode of
near-surface baroclinicity can be expressed by regressions on the
EC-1 for JRASS and on ensemble mean EC-1 for all the 4
AGCM experiments combined. When the forced near-surface
baroclinicity over the KOE region is increased, the lower
tropospheric storm track activity, as measured with poleward heat
flux due to sub-weekly synoptic eddies, is enhanced, which
imply enhanced upward flux of wave activity. Responding to the
enhanced upward wave activity, the upper-tropospheric
geopotential height regression pattern in JRASS displays a wave-
train-like circulation anomalies over the Pacific that further
extend downstream into North Atlantic sector.
¢. Resolution dependency

We examine the forced atmospheric response separately for
each of 4 AFES experiments and JRASS and discuss their
dependency on the model resolution and fine-scale structure in
the SST boundary condition. Ensemble mean, near-surface
baroclinicity fields are regressed on the corresponding ensemble
mean ECs separately for each AFES experiment and JRASS. The
regressed baroclinicity in JRAS5 shows a broad structure of the
leading mode pattern similar as AFES’s SST-smoothed
experiments. This is partly because JRASS is generated with a
SST field which lacks find scale structures. Meanwhile, AFES
CNTL experiments, particularly at T239 resolution, exhibit fine-
scale baroclinicity structure in the KOE region, representing a
signature of underlying, high-resolution OISST.

We further evaluate quantitatively the total and forced
(ensemble mean) variance of ECs separately for each AFES
experiments and JRASS. It turned out that the total variance is
underestimated by more than 60% in any of the 4 AFES
experiments than that of JRASS. While variance of forced
component of baroclinicity is not much different across 4
experiments, it is slightly larger in CNTL experiments than in
SMTH, indicating the influence of local SST finescale structure.

4. Summary
The forced component of the low-frequency, tropical SST-
unrelated, near-surface baroclinicity variability in the Kuroshio-

Oyashio Extension (KOE) region is extracted with SVD analysis
between JRASS and large ensemble AGCM simulations. The 1st
SVD mode of JRA55-AGCM covariance is characterized by the
decadal-scale pulsing of near-surface baroclinicity that is forced
by a large-scale SST dipolar pattern straddling the KOE region.
Associated with the leading forced mode, lower-tropospheric
storm track activity is enhanced over the KOE region, which is
accompanied by upper-tropospheric  geopotential height
anomalies that extend into the Atlantic sector, signifying a
surface expression of Aleutian-Icelandic low seesaw. The inter-
basin response is, however, not in agreement between JRAS5 and
AGCM ensemble. This could indicate either model error in
representing the response or incomplete separation of “forced”
response in the reanalysis.
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