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To improve our understandings of the Asia-Pacific regional climate that has crucial socio-economic impacts in the region,

understandings of ocean and atmospheric phenomena are necessary. In this project, we have collaborated with the International

Pacific Research Center, University of Hawaii, using hierarchical models from a cloud-resolving atmospheric model to thousand-

year scale climate model to deepen our comprehensive understanding of the climate system in the region. In this report, focusing on

precipitation processes such as Indian monsoon and typhoon, we briefly introduce the effects of rainfall on upper-ocean state and

decadal variability from the results obtained in FY2016.
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1. Systematic errors in monsoon simulation

The monsoon-Indian Ocean basic states are among the most
difficult for state-of-the-art climate models to simulate and are
unrealistically represented in most of the CMIP3/5 models.
In particular, CMIP5 multi-model ensemble mean summer
monsoon precipitation climatology exhibits dry bias over the
Indian subcontinent and wet bias in association with high SST
over the near-equatorial western Indian Ocean. These errors
in SST and rainfall are associated with a surface easterly wind
bias along the equator that forces oceanic waves capable of
shoaling the thermocline in the eastern Indian Ocean, leading
to elimination of the Wyrtki jets, eastward-flowing equatorial
currents during the boreal spring and fall seasons. The bias
structure suggests that they are maintained by Bjerknes
feedback in the equatorial Indian Ocean (EIO). In CFES, on the
other hand, the rainfall in South Asia and along the equatorial
Indian Ocean is realistic with a local maximum over eastern
EIO, overcoming the systematic errors noted in CMIP5 models.
Encouraged by this success, we use CFES as a laboratory to
understand the atmospheric, oceanic and coupled processes
involved in shaping monsoon-Indian Ocean basic states [1]. In
CFES sensitivity experiments in which easterly wind stress bias
is artificially introduced, errors similar to those in the CMIPS
models are reproduced: excess (reduction) in precipitation in the
western EIO (over South Asia). These results overall indicate
that precipitation errors in South Asia in CMIPS models are

tied to errors of coupled processes in the western EIO. Thus,
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correctly representing coupled processes along EIO is important

for realistic monsoon simulation.

2. Global 3.5-km mesh simulation of tropical

cyclogenesis

Tropical cyclones (TCs) are one of typical convective
disturbances that cause meteorological disasters over the Asia-
Pacific domain in summer season. Toward the extension of the
prediction of TC genesis, to deepen our understanding of the
large-scale low-frequency variations, such as the intraseasonal
oscillation (ISO), and their roles in the TC genesis is important.
NICAM ([3]) is a global model which is capable of simulating
large-scale convective disturbances and the TC inner core
structure in a uniform framework. In this study, we performed
global 3.5-km mesh simulations of Typhoon Fengshen, which
was formed in mid-June 2008 during the onset period of the
western North Pacific summer monsoon under the influence of
the active period of an ISO event. In the FY2016, we focused
on the role of the large-scale fields, and conducted sensitivity
simulations varying the reanalysis data to initialize the model.
In the control case where the humid area associated with the
ISO collocated with the large-scale lower tropospheric cyclonic
gyre, the incipient vortex of Fengshen developed within
the gyre. In contrast, in the case where the humid area was
displaced from the lower tropospheric gyre, the incipient vortex
did not develop. This result indicates that the large-scale flow

fields associated with the ISO and their intensification through
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the latent heat release by organization of convection provided

favorable conditions for the TC genesis. ([2])

3. Impacts of sea-surface salinity on interannual
variability of upper-ocean state

To explore the impacts of sea-surface salinity (SSS) on the
interannual variability of upper-ocean state, we have compared
two 10-year runs of an eddy-resolving ocean general circulation
model: in one, SSS is restored toward a monthly climatology
(WOA98) and in the other, it is restored toward the monthly
SSS of a gridded Argo product. To avoid mean drift, monthly
interannual anomaly is extracted from the Argo data and added
to WOAOS to be used as the reference SSS.

The inclusion of the Argo SSS improves the subsurface
salinity variability not only where the mixed layer is deep
enough to reach the depth but also below the mixed layer in the
tropics and subtropics. The interannual variability of the mixed
layer is also improved in the subpolar North Atlantic and near
the northern bound of the Antarctic Circumpolar Current, where
the influence of SSS to the mixed layer is probably significant.
On the other hand, the influence of precipitation is significant in
the western tropical Pacific, where the so-called "barrier layer"
is reproduced when the Argo SSS is included, and in the Bay
of Bengal, where precipitation is large, the mixed-layer depth is
improved.

To understand the reason for the improvements in subsurface
salinity, we next examine the difference field between the two
runs. The difference at fixed depths is dominated by small-
scale features due to the chaotic nature of eddies and nonlinear
jets. The spiciness difference, however, reveals the advection
of salinity signals. As found in past studies, SSS variability in
the mixed layer is subducted into the pycnocline in subtropical
regions, where the Ekman pumping is downward. This signal is
advected downward, equatorward, and westward in the North or
South Equatorial Current (NEC or SEC of the Pacific, Indian, or
Atlantic Oceans). Although weak and uncertain, the SSS signal
subducted in the subtropical North Pacific seems to enter the

Indian Ocean through the Indonesian Throughflow.

4. Decadal variability of upper ocean heat content

in the North Pacific

It is known that upper ocean heat content (OHC) variability
provides a source of skills for seasonal to decadal predictions,
yet regional expressions of OHC variability remains to be fully
understood. By analyzing historical observations and a high-
resolution OGCM hindcast, we have investigated interannual-
to-decadal variability of the OHC anomalies in the extra-
tropical North Pacific [4]. The study finds that the OHC
variability is constrained by two separated WBCs in different
ways for their dynamical (associated with density change) and
spiciness (density-compensating) components, OHC'p and

OHC'y respectively. OHC'p variability represents heaving of
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thermocline, propagates westward and intensifies along the
Kuroshio Extension (KE), a feature consistent with the jet-
trapped Rossby waves. OHC'y variability propagates eastward
along the subarctic frontal zone (SAFZ) with a phase speed
comparable to the speed of the background mean current,
suggestive of advection of spiciness by the mean current.
Dominance of westward-propagating, OHC'p along the KE and
eastward-propagating OHC'y along SAFZ is distinct from the
situation in coarse-resolution climate models which tend to only
detect the latter signal because of insufficient representation of
WBCs and the associated background mean spiciness gradients.
The present study thus provides insights into dynamics of OHC
that current generation climate models fail to represent but next
generation climate models begun to capture with their increasing

horizontal resolution.
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