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Future information-aided society would largely rely on high-performance computing technologies. We have been developing a

powerful multiscale weather and climate model named the multi-scale simulator for the geoenvironment (MSSG), which can provide

high-resolution information for local society. This year we have performed global ocean-atmosphere coupled simulations using

the MSSG, aimed at the better representation of the weather and climatic events. The visualization technology that converts the

simulation results into useful information for local society is also a key for the information-aided society. An efficient visualization

method for handling large-sized data generated by high-resolution simulations has been also developed for better use of the

simulation information.

Keywords: multi-scale atmosphere-ocean coupled simulation, photo-realistic visualization

1. Multi-scale simulations for ocean-earth informa-

tion
1.1 High-resolution atmosphere-ocean coupled

simulation for an MJO event

The Madden-Julian Oscillation (MJO) is a dominant mode
of tropospheric variability in the tropics, which is known as a
trigger of a typhoon and El Nino, often exerts a large impact on
the global socioeconomic activities. Thus, accurate prediction
of the MJO is expected to enhance our prediction skill on a
global weather and climate variability. We performed a hindcast
experiment with MSSG in which ocean-atmosphere interaction
is enabled (MSSG run), and another hindcast experiment with
an atmospheric component of MSSG forced by the sea surface
temperature predicted by the MSSG run (i.e. ocean-atmosphere
interaction is disabled) (Fig. 1). We compared the results of the
two hindcasts, and found that the ocean-atmosphere coupling
has significant impacts on the representation of the MJO: e.g.
the low-level moisture convergence and westerly wind bursts
associated with the MJO. The outcome was published in a

journal [1] and also in a press release on 11th October 2016 [2].

1.2 Multi-model intercomparison for the short-term
prediction of available wind- and wave-energy in
the ocean

Renewable energy is expected to offer viable alternatives
to fossil fuels in the future. We developed an offshore wind

and wave power forecast system with a state-of-the-art wave
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model and a six-member multi-model ensemble of operational
numerical weather forecasts to assess the forecast skill of
available global offshore wind and wave power for lead times of
up to 9 days (Fig. 2). We found that wind and wave power can

be predicted in advance with less forecast bias in the tropical
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Fig. | Time-longitude section of precipitation rate (mm h™'; green
colors) along the equator (15°S—5°N average) from the MSSG
(left) with ocean-atmosphere interaction, and that (right) without
ocean-atmosphere interaction. The yellow solid line indicates the
typical phase speed of MJO (5ms™).
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ocean when compared to the mid-latitude ocean. We also found
that there are uncertainties in the forecast skill due to the use of
different atmospheric models in the forecasts. This assessment
of the forecast skill of the global offshore wind and wave power
may offer useful information to guide regional wind and wave
power forecasts, as large-scale wind and wave information can
serve as boundary conditions to predict regional wind and wave
power. Our results were published as a research article in the

International Journal of Marine Energy [3].

a. Wave power (DJF), lead=5d
CMA
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Fig. 2 Mean prediction error and anomaly correlation coefficient

(ACC) of wave power at a lead time of 5 days for each member
of the ensemble. Dots indicate where the ACC exceeds 0.7.
Red (blue) shading shows that the bias is greater (less) than 10
(-10)%. The forecast biases are different among the operational

meteorological centers.

2. Seamless photo-realistic representation of

atmospheric clouds computed by MSSG

In order to visualize the results of the atmospheric simulation
computed by the MSSG model performed on the edge server in
an effective expression, we developed shell scripts and related
programs for automatically outputting visualization result in
data format for Google Earth from the nested data computed
by MSSG. In the script, VDVGE, which is a visualization

software developed in CEIST, is applied to visualize data of
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each nesting level and export them as content data for Google
Earth. Additionally, we have newly developed a visualization
algorithm that hides only the overlapping region that occurs
when data of each nesting level are visualized [4]. As a result of
applying this technique to the visualization using two physical
quantities, which are the downward shortwave radiation and the
cloud content, computed by MSSG, we succeeded in seamless
photo-realistic representation of atmospheric clouds which does

not influence by the nested structure of data (Fig.3).

Fig. 3 Visualization result from the viewpoint near the ground. Three
levels of nested data are displayed at the same time.
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