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A set of ensemble experiments using an atmospheric general circulation model (AGCM) has been performed to evaluate the role

of oceanic variability in potential seasonal predictability of atmospheric circulation variability. The AGCM is forced with satellite-

observed high-resolution sea surface temperature (SST) that includes interannual variability in some regions while being masked

with climatological SST elsewhere. Previous studies have shown that tropical oceanic variability, incuding El Nifio-Southern

Oscillation, contributes to the atmospheric potential predictability over the midlatitude North Pacific. We, for the first time, show that

midlatitude oceanic variability also contributes to the atmospheric potential predictability, especially over the western North Pacific.

We also show that smoothing midlatitude SST gradient reduces the atmospheric potential predictability, indicative of the importance

of the variability of midlatitude SST front in modulating the atmospheric circulation. Our results suggest that high-resolution SST

boundary condition needs to be prescribed in AGCMs when evaluating the role of the midlatitude ocean in the atmospheric potential

predictability.
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1. Introduction

“Potential predictability” (PP) is a quantity that evaluates
how much of monthly or seasonal-mean atmospheric variability
is explained by external forcing, including the variability of sea
surface temperature (SST) and sea ice. This can be estimated
by ensemble experiments using AGCMs with observed SST
and sea ice prescribed as their lower boundary conditions.
Interannual variability of the simulated ensemble-mean fields
can be considered as predictable atmospheric “response” to SST
and sea ice variability, while variability across the ensemble
members as seasonally unpredictable “internal variability”.
It has been shown that the atmospheric PP is large over the
tropics where atmospheric convective rainfall is sensitive to
local SST variability, while it is moderate over the extratropical
North Pacific where tropical ocean variability affects the
atmospheric circulation through “atmospheric bridges” and is
very low in other extratropical regions (Zheng et al. 2000[1]).
In earlier studies, however, resolution of SST was relatively
low, which cannot well represent SST fronts associated with
western boundary currents, leading to potential underestimation
of heat fluxes from the ocean to the atmosphere, and thereby
their impact on the atmospheric circulation. Our recent studies
have shown that variability of the extratropical SST fronts can

significantly modulate the atmospheric circulation (Okajima et
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al. 2014 [2]; Taguchi et al. 2012 [3]). We here reevaluate the
role of the extratropical ocean variability in the atmospheric PP
using a modern AGCM forced with satellite-observed SST data,

which has a higher resolution than previously used.

2. Experimental design

We use AFES (AGCM For Earth Simulator) configured at
horizontal resolution T119 (~100 km), with 56 vertical levels
covering from the surface to ~0.1hPa. The prescribed SST data
is OISST compiled on a 0.25°x0.25° grid. Our 10-member
ensemble experiments consist of four types according to
the prescribed SST as follows: (i) “Global Ocean-Global
Atmosphere (GOGA) experiment” forced with observed
SST globally, (ii)) “GOGA with smoothed SST” (same as (i)
but with meridionally smoothed SST in midlatitudes), (iii)
“Tropical Ocean-Global Atmosphere (TOGA) experiment”
with interannually-varying SST only in the tropics and daily
climatological SST in the extratropics, and (iv) “Midlatitude
Ocean-Global Atmosphere (MOGA)” with interannually-
varying SST only in the extratropics and climatological SST
daily in the tropics. For each of the SST settings, PP was
evaluated as the ratio of interannual variance of ensemble mean

of an experiment to that of all member variability of GOGA.
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(b) GOGA with SST smoothed
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Fig. 1 Potential predictability (PP) of 850-hPa temperature evaluated by 10-member ensemble AGCM experiments.

(a) GOGA experiment, (b) GOGA experiment with smoothed SST gradient in the extratropics, (c) TOGA experiment, (d) MOGA experiment.

Black dashed lines indicate 20°N.

3. Results

We focus on PP in boreal winter (averaged from December
to February), when both atmospheric internal variability and
remote influence from the tropics are prominent. Figure 1 shows
PP of winter-mean 850-hPa temperature for each experiment.
Except for MOGA, the predictability is high in the tropics
(PP > 0.8) because the winter-mean atmospheric variability
couples strongly with the oceanic variability. In the extratropics
(> 20°N), the predictability is lower except the North Pacific
where PP reaches 0.5~0.6. This result is consistent with the
previous studies where the relatively high potential predictability
in the subtropical and extratropical North Pacific is attributed to
remote influence of ENSO.

A comparison between the GOGA (Fig. 1a) and TOGA
(Fig. 1c) experiments reveals that PP is lower in the subtropical
and extratropical North Pacific in the TOGA experiment than in
the GOGA experiment, which cannot be explained by remote
influence from ENSO. In the MOGA experiment (Fig. 1d),
PP reaches 0.3~0.5 in the North Pacific, suggesting that the
extratropical SST variability can induce persistent atmospheric
anomalies. Furthermore, the maximum of PP in the extratropical
North Pacific decreases if the extratropical SST is meridionally
smoothed (Fig. 1b), which suggests an important role of SST

fronts in the winter seasonal predictability.
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4. Conclusions

By conducting a set of ensemble AGCM experiments forced
with various SST boundary conditions, we have demonstrated
a significant role of extratropical SST variability in the PP of
the extratropical atmospheric temperature. We also found that
variability of the Kuroshio/Oyashio Extensions can enhance
predictability of local precipitation (not shown). We plan to
repeat the experiments using a higher-resolution AGCM and
coupled GCM, which should evaluate more realistic role of fine

structure of SST variability and the air-sea interaction.
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