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The goal of this project is to improve our understanding of atmospheric variabilities at diurnal to seasonal time scales [e.g.,
tropical cyclones, tropical waves, Intraseasonal Oscillation (ISO)/Madden-Julian Oscillation (MJO), monsoons] and forecast
skill of these phenomena by high-resolution global simulations using Nonhydrostatic Icosahedral Atmospheric Model
(NICAM). In the FY2020, we investigated the impacts of physical processes which are relevant to the ISO dynamics by
sensitivity experiments for the Years of the Maritime Continent (YMC) field campaign cases: (1) in the Pre-YMC case,
correction of the weak bias of latent heat flux (LHF) led to successful simulation of ISO development and propagation over the
Maritime Continent (MC), (2) in the YMC-Sumatra2017 case, modification in cloud microphysics settings caused difference
in the local convective properties especially over the land area of the MC. The enhancement of diurnal convection over land
generally suppressed the surrounding oceans and the ISO. Exception is the onset period of the ISO convection, when the diurnal
convection is also enhanced over oceans to facilitate the ISO development.
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1. Introduction
In order to deepen our understanding of atmospheric

reproducibility of the global climatology. In view of the
Intraseasonal Oscillation (ISO) prediction, we also performed

variabilities at diurnal to seasonal time scales over the globe, and
to gain insight into the better prediction of them, we develop and
apply Nonhydrostatic Icosahedral Atmospheric Model (NICAM,;
Satoh et al. 2014[1]) in this project. The uniqueness of NICAM
lies in the explicit treatment of cloud and precipitation processes
globally. In the FY2020, Kodama et al. (2021)[2] demonstrated
the recent updates of model physics for the Coupled Model
Intercomparison Project Phase 6, High Resolution Model
Intercomparison Project (HighResMIP) and their impacts on the

series of sensitivity experiments to investigate the impacts of the
physical processes which are closely relevant to the dynamics of
the ISO; surface latent heat flux and cloud microphysics by the
case studies of the Years of the Maritime Continent (YMC)
(Yoneyama and Zhang 2020[3]) field campaigns (Matsugishi et
al. 2020[4]; Nasuno 2021[5]).

2. Impacts of latent heat flux modifications: the Pre-
YMC (2015) ISO case
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It is well known that the active local convection over the
Maritime Continent (MC) often disrupted smooth eastward
migration of the ISO, which tends to be exaggerated in numerical
simulations. On the basis of the importance of moisture
variability to the ISO dynamics, Matsugishi et al. (2020)[4]
evaluated surface latent heat flux (LHF) (i.e., moisture source) in
NICAM with observations by R/V MIRALI for Pre-YMC 2015
campaign at the southwest coast of Sumatra, during which a
significant ISO event occurred. They found underestimation
(overestimation) of LHF in the model under weak (strong)
surface wind in the model. As a proxy of the effects of boundary
layer-scale eddies, they modified the surface flux formulation by
setting a lower threshold value of surface wind speed (set as 1.9
m s™). Figure 1 shows time series of precipitable water (column
integrated moisture) in the control experiments (CTL) and
modified experiments (U19). The replacement of the peak area
of precipitable water indicating the eastward propagation of the
convective (moist) phase of the ISO in ERA Interim (Fig. 1a) was
marginally simulated in U19 (Fig. 1c), while moistening was
insufficient over the MC and the ISO collapsed in CTL (Fig. 1b).
The moisture budget analysis (Fig. 1d) indicates that such distinct
differences was not only by the increase in the LHF over the MC
but also through the enhancement of the convective activity and
large-scale circulation associated with the ISO.
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Fig.1 Time series of the area averaged precipitable water in (a)
ERA Interim, (b) CTL, and (c) U19. IO (80-100E, 5S-5N), MC
(120-140E, 10S-0N), WP (150-170E, 5S-5N). (d) moisture
tendency terms in the MC area. Reproduced from Fig. 6 of
Matsugishi et al. (2020, SOLA).

3. Impacts of cloud microphysics modifications: the
YMC-Sumatra2017 ISO case

How the local convection over the MC interact with the ISO is
a key question for understanding and prediction of the ISO.
Nasuno (2021)[5] investigated impacts of cloud microphysics
settings on the MC convection and its relationship with the ISO
by sensitivity experiments. The target case was an ISO event that
occurred during the YMC-Sumatra2017 campaign. Two typical
cloud microphysics settings were examined; (1) aimed for ISO
simulations with reduced terminal velocity of condensates

(Miyakawa et al. 2014[6]; Miura et al. 2015[7]) (CTL), and (2)
aimed for climate simulations with slowed (enhanced)
production of graupel (ice) to reduce known model biases
(Kodama et al. 2021[2]) (MOD). It was found that MOD had
more frequent occurrences of intense sporadic convection than in
CTL due to fast removal of condensates without evaporation and
greater acceleration of upward motion by condensation. This led
to more enhanced diurnal convection (moistening tendency)
especially over land in MOD than in CTL and resultant
suppression of convection (drying tendency) over the
surrounding oceans on average (Fig. 2a, b), indicating negative
impacts on convective activity associated with the ISO. Such
impacts were more evident for the inactive period of the ISO
preceding the convective onset. An exception is the onset period
of the ISO convection, for which diurnal convection was also
enhanced over the surrounding oceans to facilitate development
of deep moistening associated with the ISO (Fig. 2c, d).
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Fig. 2 Vertical profile of moisture advection over the western
MC (90-120E, 12S-8N) averaged for (a) (b) the entire target
period and for (c) (d) the onset period of the ISO onset at (a) (c)
1200 UTC and (b) (d) 0000 UTC. Reproduced from Fig. 5b,c.d,f

of Nasuno (2021, SOLA).

4. Summary and future work

Series of sensitivity experiments highlight the importance of
surface LHF and cloud microphysics modeling to correctly
reproduce the ISO and associated scale interactions. These
processes should be further sophisticated by implementation of
newly developed method, ocean-atmosphere coupling, and
evaluations based on observations. Better representation of the
meteorological disturbances and the background climatology is
our ultimate goal. These are pursued in forthcoming studies.
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