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The objective of this project is to deepen our understanding of diurnal to seasonal atmospheric variabilities (e.g., tropical cyclones,
tropical waves, Madden-Julian Oscillation [MJO], monsoons) by high-resolution global simulations using Nonhydrostatic Icosahedral
Atmospheric Model (NICAM). Focuses are on impact of oceanic variations on the atmosphere. The periods of JAMSTEC field
campaigns are the main target of simulations. Two topics from the research results in FY2015 are reported: (1) A near real-time
forecast system using NICAM was constructed on the Earth Simulator and forecasts were operated during the field campaign “Pre-
YMC” (November-December, 2015). Forecast skill of the major observed events in our system are examined. (2) A new perspective
on the impact of seasonal variation of sea surface temperature on the excitation and propagation of the MJO events that occurred
during the CINDY2011/DYNAMO campaign in 2011, based on the ensemble simulation using NICAM, is proposed.

Keywords: global nonhydrostatic model, tropical weather forecast, tropical intensive observation, Madden-Julian Oscillation,

Maritime Continent

1. Introduction 2. Research Results
Meteorological disasters are in many cases accompanied 2.1 Near real-time forecasts of Pre-YMC field campaign
with vigorous convection with severe precipitation, which are The Maritime Continent (MC) is a special region on the

embedded in large-scale disturbances. Nonhydrostatic Icosahedral Earth with pronounced convective activity, and thus has great
Atmospheric Model (NICAM; Satoh et al. [1]) was designed for impacts on world weather and climate. The MC is characterized
global cloud-resolving simulations. This approach has potential by strong air-sea interactions with clear diurnal variation. The
advantages in accurate simulation of convective behavior and convection over the MC is modulated by the MJO and vice
its interaction with the large-scale disturbances in a seamless versa. In order to gain our understanding of such multi-scale
framework. Here we use NICAM to gain our understanding of the multi-process interactions over the MC, a field campaign “Pre-
multi-scale mechanisms of the convective disturbances, such as YMC” was operated by JAMSTEC in southwest Sumatra

the Madden-Julian Oscillation (MJO) and local weather events. during November-December, 2015 (http://www.jamstec.go.jp/
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ymc/jpn/campaigns_files/nicam/nicamj_gl10_20151114.
html). The project serve as a pilot study for the forthcoming
international field project “YMC”. We have constructed a
near real-time forecast system on the Earth Simulator using
NICAM in this FY. The use of the Earth Simulator enables
global 7-km (14-km) mesh week-long (month-long) forecasts
with two (three) ensemble members with different settings
of the ocean surface. The forecasts were daily (twice a week)
performed using the NCEP final analysis and the results were
sent to the observational sites via internet and e-mail. A merit
of our forecast system is to cover a broad temporal and spatial
range with explicit representation of moist convection and scale
interactions.

Figure 1 shows a result of the month-long forecasts initialized
in early December in comparison with the NCEP final analysis.
Time-longitude sections of 850-hPa equatorial zonal wind are
plotted. During November and early December, westerly peak
is persisted over the Indian Ocean. In mid-December, abrupt
eastward propagation of westerlies across the observational site
occurred. This was related to intensification of the MJO event
over the MC. The simulations capture this rapid change in the
large-scale fields by approximately two weeks lead time (Fig.
1b-d). It is also found that the impact of different setting of the

ocean surface (e.g., sea surface temperature, SST) on the large-

(a) NCEP_FNL

scale fields were not evident (Fig. 1b, ¢) and less than the impact
of different initial date (Fig. 1c, d) within the 2-3 weeks lead time
for this case. The diurnal variation of precipitation in the forecasts
were also examined. The 7-km mesh forecasts successfully
simulated the dependence of the amplitude of the diurnal mode
relative to the daily mean value on the evolution of the MJO. The
diurnal variation specific to the MC was better represented in the
7-km mesh simulations than in the 14-km mesh ones, but with 3-6

hours phase delay in comparison with observations.

2.2 Ensemble simulation of MJO events during the
CINDY2011/DYNAMO

An international field project, the Cooperative Indian
Ocean experiment on intraseasonal variability in the year 2011
(CINDY2011) / Dynamics of the Madden-Julian Oscillation
(DYNAMO) was conducted to understand the initiation process
and dynamics of the MJO by intensive observations over the
Indian Ocean and to improve the representation of the MJO
in numerical models (Yoneyama et al. 2013[4]; http://www.
jamstec.go.jp/iorge/cindy/index_e.html). We performed an
ensemble hindcast of a consecutive development of two MJO
events observed during CINDY2011/DYNAMO to investigate
influences of the seasonal SST change on the enhancement of
the MJO activity (Miura et al. 2015 [5]).
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Fig. 1 Time-height sections of 850-hPa zonal wind averaged in 5S-5N. (a) NCEP final analysis and month-long forecasts using the 14-km mesh
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NICAM initialized on 3 December 2015 with sea surface temperature (b) predicted using the slab ocean model and (c) given by climatology

plus anomaly on the initial date. (d) Same as (c), but initialized on 2 December 2015. The 40-day periods including the 10 days before the

initial date (in NCEP final analysis) are displayed.

180



HWERY I 2 L — FFrNEE — Barth Simulator JAMSTEC Proposed Project —

(b) NCEP
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Fig. 2 Time-longitude sections of (a, ¢) OLR (W m?) and (b, d) zonal wind (m s™) averaged in 10°S-10°N. (a) The NOAA Interpolated OLR, (b) the
NCEP/NCAR reanalysis, and (c, d) the ensemble mean of the control hindcasts. Contour lines show the 30-90 day filtered NOAA Interpolated
OLR. Reproduced from Fig. 5 of Miura et al. (2015) with permission from the Meteorological Society of Japan.

The hindcast was composed of 5 members initialized with
the one-day lag, using the observational data from 12 to 16
October 2011. The horizontal grid spacing was nearly 14 km
and each member was numerically integrated for 60 days. It was
found that the MJO events could be simulated marginally for
nearly the two-months long (Fig. 2). We presented a hypothesis
that the MJO-like eastward movement can be forced by the
relatively fast seasonal change of SST such as in late November.
The fast accumulation of moisture in the MC region possibly

drives it.

3. Future study

The Pre-YMC campaign serve as a pilot study for the
forthcoming international field project “The Years of Maritime
Continent”, in which JAMSTEC is deeply engaged. The
evaluations of the forecast skill of diurnal cycle over the MC and
the MJO in our system find several points to be improved toward
the YMC. For example, errors in diurnal phase of precipitation
is expected to be fixed by the used of higher model resolution or
more accurate representation of orography. The impacts of the
air-sea interaction in the MJO regulation and migration in the

MC region will be further investigated in these campaigns.
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