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Annual Report of the Earth Simulator April 2015 - March 2016
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To improve our understandings of the Asia-Pacific region 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, we briefly introduce the effects of rainfall on tropical cyclones and Indian monsoon, ocean circulation and

paleo climate cycle from the results obtained in FY2015.
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1. Tropical cyclone study using a global nonhydrostatic

atmospheric model NICAM

Tropical cyclones (TCs) are a major weather disaster in
the Asia-Pacific domain during the boreal summer season.
To deepen our understanding of the mechanisms of TCs is a
demanding task. Here we aim to deal with this task by global
cloud-permitting simulations using Nonhydrostatic Icosahedral
Atmospheric Model, NICAM (Satoh et al. 2014[1]). A series
of global 3.5-km mesh simulations of a case study of Typhoon
Fengshen (2008) are presented in Fig. 1. Four simulation

cases with different physical settings are displayed. In the
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cases with strong TC develops (Fig. 1a, b), a large amount of
diabatic heating were released by successive formation of deep
convection near the storm center, which led to intensification of
the TC circulation and pressure deepening. In contrast, increase
in diabatic heating and precipitation are much slower in the
weak TC cases (Fig. 1c, d). These results confirmed the critical
role of deep convection in the inner core formation of TC and
subsequent intensification. Detailed analysis of the reasons that

cause such different behaviors are underway.
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Fig. 1 (left) Time-height sections of diabatic heating rate and (right) time series of surface precipitation (+), 10-m wind speed (®), and sea level

pressure (0), averaged within the 1-degree distance from the storm center in the global 3.5-km mesh simulations. Top and bottom panels

display ensemble cases with different physical parameters.
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2. Thermodynamical processes with monsoon

intraseasonal variability in CFES

During boreal summer, the equatorially trapped convective
anomalies associated with the Madden-Julian oscillation
(MJO) interact with the mean monsoon resulting in northward
migration of convective anomalies over the northern Indian
Ocean and tropical west Pacific. It is a grand challenge for
climate models to realistically simulate the complex space-
time evolution of the monsoon intraseasonal variability. Here
we diagnose two versions of the coupled general circulation
model (GCM) CFES integrations for their ability to simulate
the monsoon intraseasonal variability. In the latest version the
convective parameterization scheme takes into account of the
nonlinear interaction between the entrainment and the buoyancy
profile, whereas in the previous version air parcel is assumed
to be isolated from environment when the buoyancy profile is
estimated. A key result is that in the latest version, organization
of convective anomalies associated with the space-time
evolution of monsoon intraseasonal variability is better than
the earlier version, and bears close resemblance to observed
features. Budget diagnostics indicate that horizontal advection
of climatological moisture by anomalous meridional wind as the
principal mechanism for the poleward migration of convective

anomalies over the northern Indian Ocean.

3. Impacts of sea-surface salinity on ocean state

To explore the impacts of sea-surface salinity (SSS) on
ocean circulation and subsurface water masses, we replaced
the reference, climatological SSS of our eddy-resolving ocean
model OFES with one based on Argo observation from 2005
to 2014. It was found that the inclusion of the observed SSS
improves the interannual variability of the mixed layer depth
over the western tropical Pacific, subpolar North Atlantic, and
Southern Ocean, where salinity (or precipitation) is influential
in sea-surface density variability. The interannual variability
in thermocline salinity tends to be improved in subtropics,
where SSS signal is brought to the thermocline by subduction
and advected by the wind-driven, general circulation. It is
interesting that this advective path brings the SSS signal from
the north Pacific to the eastern South Indian Ocean via the

Indonesian Throughflow.
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4. Mechanisms of ocean circulation and climate

changes in the glacial periods

To investigate dependencies of climate and ocean states
on the model parameters and the boundary conditions during
the last glacial maximum (LGM, 20,000 years ago), we have
conducted several sensitivity experiments using a coupled
atmosphere-ocean GCM MIROC. Observational studies with
paleo-climate proxies like marine sediments have shown that
the Atlantic meridional overturning circulation (AMOC) was
strong and variable during mid glacial periods while it was
weaker around the LGM. Numerical studies, however, could
not have reproduced such weaker AMOC during the LGM.
Thanks to the update of the Earth Simulator, now it is practical
to perform coupled GCM experiments to integrate longer than
a few thousand years. The results show that the existence of
ice-sheet on north America, wind-stress and sea-ice over the
northern Atlantic Ocean, and deep water formation over the
Southern Ocean are important factors for the weaker AMOC.
Moreover, self-induced oscillation with thousand-year scales
are shown in AMOC. The simulated oscillation without external
driving mechanisms such as melt-water input from the ice-sheet
is expect to help to understand the mechanism of Dansgaard-
Oeschger cycles, which is an abrupt climate change of 1500 to

3000 year scales during glacial periods.
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