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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, Intraseasonal Oscillation (ISO)/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). Our major target
is the phenomena observed during the JAMSTEC field campaigns. In FY2017, using the forecast dataset for the CINDY2011 and Pre-
YMC field campaigns, we diagnosed the effects of high-frequency variability (e.g., cumulus convection) on the ISO and environment,
and found significant upward transport of moisture by high-frequency variability, especially in the active period of the ISO. We also
conducted near real-time forecasts using NICAM on the Earth Simulator during the YMC-Sumatra campaign (November 2017-January
2018) and “Mirai” Arctic Ocean Cruise (September 2017) with 7-14 km horizontal mesh sizes. In the short range forecasts for the

Arctic Ocean Cruise, precipitation events associated with the development of low-pressure system was fairly simulated.

Keywords: global nonhydrostatic model, tropical intensive observation, Years of the Maritime Continent, intraseasonal oscillation,

Arctic Ocean

1. Introduction mesh 14-day (month)-long forecasts using the NICAM forecast
This project aims for better understanding of the mechanisms system and provided the forecast charts via web page (http://
of meteorological disturbances of various spatio-temporal nicamfcst.jamstec.go.jp/). Validation of the forecast results
scales (e.g., diurnal to seasonal) and interactions among them. and the analysis to understand the observed phenomena are
To achieve this goal, we use Nonhydrostatic Icosahedral underway. In the following, we briefly report other two topics.
Atmospheric Model (NICAM; Satoh et al. [1]), which represents
cloud and precipitation processes over the globe in a unified 2. Quantification of moisture transport by cumulus
framework. In the FY2017, our major mission was to conduct convection in the ISO
near real-time forecasts during the Years of the Maritime Tropical Intraseasonal Oscillation (ISO) or the Madden-
Continent (YMC) Sumatra campaign, led by JAMSTEC (http:/ Julian Oscillation (MJO; Madden and Julian 1971[4]) is a
www.jamstec.go.jp/ymc/IOP_YMC-Sumatra 2017.html) as the large-scale convective disturbance (~10,000 km, 30-60 days),
first field operation of the project. We performed 7-km (14-km) which consists of cumulonimbus (~10 km, 1 hour). The ISO is
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currently a major target of extended-range forecasts because
of its broad impacts on the world weather and climate. Latent
heat release and moisture transport by the convection play an
essential role in the development and maintenance of the ISO.
However, the effects of individual cumulonimbus (e.g., vertical
transport) are difficult to directly measure by observations.
High-resolution simulation data is useful to quantify their
effects. We explicitly calculated the moisture and heat budget
by using the NICAM forecast dataset for CINDY2011 and Pre-
YMC (November-December 2015) field campaigns. We run
7-day long forecasts once per day with the regionally stretched
grid (14-20 km mesh size in the equatorial Indian Ocean)
and global 7-km mesh size for CINDY2011 and Pre-YMC,
respectively. Initial data was interpolated from National Centers
for Environmental Prediction (NCEP) final analysis at 0000
UTC.

Figure la, b shows the period-mean vertical profile of

the moisture transport by vertical transport of moisture for
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Fig. 1 Period mean vertical profiles of the vertical moisture advection
associated with low-frequency (7-day-mean) variability (broken
line) and the high-frequency variability (solid lines) in (a)
CINDY2011 over the equatorial Indian Ocean domain and in (b)
Pre-YMC (2015) over the Maritime Continent.
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Fig. 2 Time-height section of anomalous vertical moisture advection
(a) by the high-frequency variability over (a) ocean and (b) land
in the Pre-YMC simulations over the Maritime Continent. The

anomalies from the period mean values are plotted.

234

CINDY2011 and Pre-YMC, respectively. The low-frequency
variability (i.e., 7-day-mean values, broken lines), which mainly
accounts for the ISO, uplifts the rich moisture from surface to
the lower troposphere. The low-frequency upward motion was
reinforced by latent heat release, and it supported the large-
sale organized convection through continuous moisture supply.
In contrast, the high-frequency variability (deviations from
the 7-day-mean, solid lines), which mainly accounts for the
individual cumulonimbus, transported moisture upward by
middle tropospheric strong updrafts within a short time, causing
large latent heat release and intense precipitation, and dried the
lower troposphere. This effect rather prevented the large-scale
organization of convection.

In the Maritime Continent, where local forcing such as
complicated land-sea distribution, steep orography, and land-sea
breeze, causes pronounced convective activity with clear diurnal
variation. These local effects are more significant along coast
region over land, and often modulate the ISO behavior. We
investigated the high-frequency transport of moisture over land
and over ocean in the Maritime Continent using the Pre-YMC
simulation data (Fig. 2). Over ocean, moisture transport was
enhanced with ISO event development and aided the deepening
of ISO convection, while it suppressed the moistening in the
lower troposphere (Fig. 2a). Over land, such synchronization
with ISO was not evident (Fig. 2b). This results suggests that
interactions between local convection and the ISO are different
over land and over ocean. Further investigation on this aspect is

planned with various ISO cases.

3. Near real-time forecasts for “MIRAI” Arctic
cruise (MR17-05C)

The Arctic region shows rapid change in recent years (Mori
et al. 2014[5]). As an extension of our project, we conducted
forecasts targeted for the Arctic region for the first time, and
evaluated the results in comparison with the observation and
analysis. Considering optimization of the targeted observation
in the presence of the synoptic-scale disturbances with 4-5
day time scale in the Arctic region, we performed 4-day long
forecasts four times per day with 14-km horizontal mesh. As a
zeroth order approximation, sea surface temperature (SST) was
fixed to daily climatology plus initial anomaly, and the sea ice
was temporally interpolated from monthly mean climatology.
Atmospheric initial condition was interpolated from NCEP
final analysis. Because the initial atmospheric state includes
responses to the real SST and sea ice, preliminary investigations
found that the forecasts were useful for the 2-3 day lead time,
although the error grew at around three times faster than
operational forecasts. In some cases, precipitation distribution
was more sharply simulated than in operational forecasts.

During the observation period (late August-20 September,
2017), low-pressure systems developed around “MIRAI” several

times. Figure 3 shows a time series of sea level pressure (SLP),
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surface wind speed, and precipitation observed on “MIRAI”
around 13 September. Decrease of SLP occurred after 0000
UTC on 13 September, with rapid increase in wind speed, and
followed by intense precipitation. The synoptic-scale fields in
the NICAM forecast (initialized at 1200 UTC on 11 September;

Fig. 4) reproduced development of the low-pressure system
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Fig. 3 Time-series of sea level pressure (SLP) (black, upper panel),

wind speed (green, upper panel), wind direction (middle panel),

and precipitation (bottom panel) observed by “MIRAI”.
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Fig. 4 Precipitation (color), SLP (gray lines), and wind vectors at (a)
1200 UTC, 12 September (b) 0000 UTC 13 September, and (c)
0600 UTC 13 September in the NICAM forecast initialized on
1200 UTC 11 September, 2017.
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Fig. 5 Time-series of the SLP (black), 10-m wind speed (blue),

precipitable water (red), and surface air temperature (gray)

(averages in the square domain in Fig. 4) in (a) NCEP final
analysis and in (b) the NICAM forecasts initialized on 11-14
September 2017, with precipitation (green).
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and associated precipitation, as well as their northwestward
movement. The predicted time series of the SLP, surface wind
speed, and precipitation (Fig. 5b) well match those in “MIRAI”
observations (Fig .3) and analysis (Fig. 5a). Their time lag
suggests that low-level convergence was formed on the center
side of the steep SLP gradient region of the low pressure system,
leading to moisture accumulation and precipitation there, and
relatively small vertical tilt of the precipitation structure. In
forthcoming studies, we plan to investigate baloclinicity of the
low-pressure system and origin of the moisture in various cases,

as well as updating the experimental setup to be more realistic.

4. Future study

In the FY2017, we made new attempts in the usage of the
high-resolution global simulation dataset and in the study
of the polar region. In the forthcoming studies, we plan to
extend the analysis of the effects of high-frequency variability
(e.g., cumulus convection) to improve their representation in
general circulation models. Improvement of model processes
to appropriately represent local and large-scale phenomena in a

comprehensive framework will be also pursued.
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