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This project aims to deepen our understanding of diurnal to seasonal atmospheric variabilities (e.g., tropical cyclones,
tropical waves, Intraseasonal Oscillation (1SO)/Madden-Julian Oscillation (MJO), monsoons) and to improve the forecast
skill of these phenomena by high-resolution global simulations using Nonhydrostatic Icosahedral Atmospheric Model
(NICAM). In the FY2018, we made comprehensive analysis the effects of high-frequency variability (e.g., cumulus
convection) on the 1SO and the large-scale fields by taking advantage of the high-resolution simulation dataset for the
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diversity of the role of the high-frequency effects in moisture transport was detected between the two campaign periods,
suggesting more complicated multiscale interactions over land than over ocean.
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1. Introduction

The goal of this project is to better understand the
mechanisms of meteorological disturbances of various
spatio-temporal scales (e.g., diurnal to seasonal, local and
global) and interactions among them. To achieve this, we use
Nonhydrostatic Icosahedral Atmospheric Model (NICAM,;
Satoh et al. 2014[1]), which represents cloud and precipitation
processes over the globe in a unified framework. In the
FY2018, we made comprehensive analysis of the simulation
datasets for the JAMSTEC field campaigns in the Years of the
Maritime Continent (YMC) (http://www.jamstec.go.jp/ymc).

2. Tropical ISO and the Years of the Maritime
Continent (YMC)
Tropical intraseasonal oscillation (ISO) has broad impacts

on world weather and climate, such as tropical cyclogenesis
and severe weather events, and regarded as a promising
source of predictability. The Maritime Continent (MC;
Indonesia, Philippines and surrounding oceans) is a key
region for the ISO prediction, where complicated multi-scale
interactions significantly modulate the ISO behavior. The
YMC aims for the understanding and better prediction of the
multi-scale interaction over the MC by observations and
modeling. We were in charge of the near real-time forecasts
using NICAM for the JAMSTEC field campaigns, Pre-YMC
2015 (November-December 2015) and YMC-Sumatra 2017
(November 2017-January 2018) on the Earth Simulator
(Nasuno et al. 2016[2], 2018[3]). In order to understand the
roles of the high-frequency local variability in the 1SO and
large-scale fields, we examined moisture budgets, which is a
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key quantity for the ISO dynamics, by taking an advantage of
the high resolution (7-km mesh) simulation data. The details
of the simulation setup and analysis method are given in
Nasuno (2019)[4] and Nasuno (2017)[5].

3. Diversity of scale interactions in the western MC

Figure 1 shows vertical profiles of the simulated vertical
moisture advection in the western MC (90°-120°E, 12°S-8°N)
in 2015 and 2017 over land (red) and over ocean (blue)
regions. In 2015, vertical advection of moisture was
pronounced over land than over ocean, with a bottom-heavy
profile by the low-frequency components (Fig. 1a). In 2017,
by contrast, advection over ocean prevailed that over land,
with deep moistening by the low-frequency components (Fig.
1b). Such difference in the land-ocean contrast between the
two years is attributable to the environmental conditions;
under a peak El Nifio condition with large-scale subsidence
anomalies over the western MC in 2015, and under a
moderate La Nifia condition with enhanced large-scale
upward motion over the western MC in 2017.

(a) 2015 (b) 2017

[:';] 1224ncn2015-12:2Beci0N5 f,I:f 1231 Bnov2017-122 1802018

ol , Low 2 Low L
cy

Nreque
W\

N land

frequericy

“'High ¢ > High
.frequency .| frequenc

1=
’_;/ OC an e
1 S 2 P ol
-~ N
S " N
12-09-06

»
J6-03 0 03 06 09 12 15 18 “i5-12-08-05-03 03 08 g3 12 15,18
[10-2 baafy] [v0-2 ba/pfs]

Fig.1 Vertical profiles of period-mean vertical advection of
moisture over the western Maritime Continent (90°-120°E,
12°S-8°N) during (a) the Pre-YMC 2015 and (b) the
YMC-Sumatra 2017 campaigns. Advection by the
low-frequency (7-day mean) variability (solid lines) and that
by the high-frequency (deviations from the 7-day mean)
variability (dashed lines) averaged over the land (red) and
ocean (blue) regions are plotted.

ean

In order to understand the scale interactions within the ISO,
we examined time series of the relationship between the
low-frequency and high-frequency advection. Over ocean,
upper tropospheric moistening (lower tropospheric drying) by
the high-frequency variability was enhanced during active
period of ISO in both years (not shown), whereas the
relationship over land diverged between the two years (Fig. 2).
In 2015, the moistening associated with the high-frequency
variability was synchronized with the low-frequency
counterparts, implying a supportive role of local convection in
the evolution of the 1SO (Fig. 2a), while such relationship was
not confirmed in 2017 (Fig. 2b). These suggest more
complicated interactions between the local convection and the

ISO over land than over ocean. Further investigation of the
major constituents of the high-frequency variability will
provide a clue to understand such diversity. The time series of
the surface precipitation during the 2015 and 2017 period (Fig.
2, bottom panels) indicates that the diurnal variation was
dominant, especially in 2015. It is useful to examine the role
of diurnal variation in the ISO in the forthcoming studies.

Acknowledgement
All the simulations were conducted on the Earth Simulator.
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Fig 2 Time-height section of the simulated anomalous
moisutre advection in the land area of the western Maritime
Continent (90°-120°E, 12°S-8°N) during (a) the Pre-YMC
2015 and (b) the YMC-Sumatra 2017 campaigns. (top)
Vertical advection by the low-frequency (7-day mean)
variability and (middle) advection by the high-frequency
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the period-mean profiles are shown. Surface precipitation are
also drawn in the bottom panels. The dotted, solid, and dashed
vertical lines indicate the beginning of the preconditioning,
active, and inactive periods of the ISO, respectively.
(Reproduced from Figs. 4 and 5 of Nasuno 2019[8].)
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