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A multiscale and multilayer data assimilation (M2DA) technique has been developed for smart weather forecasting that can
bring new information infrastructure for future smart society. The present M2DA integrates the forecasting simulations on different
layers, i.e., different scales (or resolutions) and hardware platforms, via the optimal interpolation. The upper layer simulation is for
wider domain that covers the narrower domains of the lower layers. The simulation resolutions are finer for the lower layers than
those for upper layers. The fine resolution simulations, with typically O(10-100m) horizontal length, can handle the IoT sensor
data, which do not usually represent km or larger areas. The fine resolution results of the lower layers are assimilated to the upper
layer simulations. In such a way, the IoT sensor data are utilized in the M2DA system. We have started the trial operational forecast
simulations applying M2DA technique to a heterogeneous computer system —a complex system comprised of the Earth Simulator and
edge computers (workstations). During the test simulations we have investigated the impact of the atmospheric aerosols on the local
weather simulations. It has confirmed that the aerosol scattering significantly decrease the maximum temperature in the clear sky

condition reducing the solar radiation to the ground.

Keywords: multi-scale simulation, multiscale data assimilation system, deep learning, acrosols

1. Multiscale & Multilayer Data Assimilation management components. We have developed a deep learning
(M2DA) system technology to estimate the cloud coverage ratio from snapshot
Figure 1 shows the developed multiscale data assimilation images taken by IoT cameras. The estimated cloud coverage

system named the Multiscale & Multilayer Data Assimilation data is used for the data assimilation for better forecasting skills

(M2DA). The present M2DA integrates the forecasting [3].

simulations on different layers, i.e., different scales (or

resolutions) and hardware platforms, via the optimal

interpolation. The upper layer simulation is for wider domain

that covers the narrower domain of the lower layer. The

simulation resolutions are finer for the lower layers than those
for upper layers. The fine resolution simulations, with typically
O(10-100m) horizontal length, can handle the IoT sensor data,

which do not usually represent km or larger areas. The fine

resolution results of the lower layers are assimilated to the upper
layer simulations. In such a way, the IoT sensor data are utilized
in the M2DA system. The multiscale weather simulation model
MSSG (the Multi-Scale Simulator for the Geoenvironment[1]

[2]) is adopted for the simulation components of the present

Fig. 1 Schematic diagram of the present multiscale data assimilation

system. The IoT sensor data are firstly assimilated to the high
M2DA system. One strong feature of the present M2DA system resolution simulations whose forecast results are then assimilated

is that it can utilize the deep learning technology in the data to lower resolution simulations for wider domains.
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Fig. 2 Time series of the forecasted (right) temperature and (left) solar radiation at the surface. The AMeDAS observation is denoted by plots, the

forecasts without considering the aerosols by red lines and those with considering them by blue.

2. Impact of aerosols on the local weather predictions

The high resolution local weather simulations using the
atmosphere component of MSSG tended to overestimate
the solar radiation at the surface leading to overestimate of
maximum temperatures under clear sky. This year we have
modified the radiation process in the MSSG so that it can
consider the scattering by atmospheric aerosols. The aerosol
concentration data were obtained by CHASER[4] developed
by the Research and Development Center for Global Change in
JAMSTEC. The monthly averaged data for the period 2005-2016
were used by linearly interpolating in time and space. Figure 2
shows the temperature and the downward shortwave radiation at
the surface. It shows that the scattering by the aerosols resolves
the overestimate in the solar radiation and relax the overestimate

in the maximum temperature under clear sky.
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