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We are developing a long-term regional reanalysis system assimilating only the conventional observations to estimate the past
high-resolution atmospheric fields for about recent 60 years. In order to optimize the regional reanalysis system, we examined its
reproducibility for the Kanto-Tohoku heavy rainfall in September 2015, as an example of extreme events.

The regional reanalysis system failed to reproduce the heavy rainfall over Kanto. The behaviour of the typhoon that induced the
heavy rainfall was not accurately analysed over the ocean to the south of the Japan islands. A reason of the failure is in the sparse
distribution of the conventional observations used for the assimilation over the area the typhoon passing through. These suggests that
additional data associated with typhoons available over long term are necessary to analyse accurately the behaviour of typhoons and

such extreme events induced by typhoons.
Keywords: regional reanalysis, extreme event, meso scale, data assimilation, regional weather model

1. Introduction For the conduction of the long-term regional reanalysis
The data of the past high-resolution atmospheric ficlds assimilating only the conventional observations in future, it is
for long term is demanded for various purposes. About sixty necessary to design the regional reanalysis system. From the
years has passed since the radiosonde observing system was perspective on applying the reanalysis, it is essential for the
constructed across the globe. Numerical weather prediction system to reproduce the past extreme events accurately. We
(NWP) models and data assimilation schemes also have been examine the reproducibility of the system that we are developing
advanced, which contributes to the gradual improvement of for the reanalysis, targeting the Kanto-Tohoku heavy rainfall in
the weather prediction, supported by enhancing computational September 2015, as an example of extreme events.
resources [1]. Under these circumstances, major operational
NWP centres conduct global reanalyses, which are produced 2. The system design
with a frozen state-of-the-art NWP system, to provide data We adopted the NHM-LETKF [5], which is composed of the
with accuracy and long-term consistency in quality [2]. JMA’s nonhydrostatic model (NHM) [6] and local ensemble
However, the horizontal resolution of even the newest global transform Kalman filter (LETKF) [7]. The NHM-LETKF covers
reanalysis is roughly 50 km, which is insufficient to resolve Japan and its surrounding area with a horizontal grid spacing
meso-scale phenomena. Dynamical downscaling is often of 5 km, applying the one-way double nesting to JRA-55 [8].
applied to obtain higher-resolution information from courser The observations used for the assimilation are only surface
atmospheric data such as global reanalyses. However, the observations and upper observations with radiosondes. The first
downscaling data have some problems in its quality [3]. This guess field for the LETKF was given from the deterministic run
is because the constraints from the physical laws in model and initialized at the analysis without perturbations.
the lateral boundary conditions cannot always determine the
internal fields accurately. To address these issues, we propose 3. Overview of the Kanto-Tohoku heavy rainfall in
a regional reanalysis assimilating conventional observations September 2015
only. Assimilating only the conventional observations enables The heavy rainfall was observed from 9 to 11 September
us to detect signals of climate change by avoiding affection of =~ 2015 over the eastern part of Japan. Typhoon Kilo (2015) and

transitions of observing systems [4]. the extratropical cyclone transformed from Typhoon Etau
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(2015) induced the humid and warm airflow into the eastern
part of Japan at lower layer (Fig.la,b). In addition, the upper
trough extended the western part of Japan [9]. The 24-hour
accumulated precipitation more than 500 mm was observed in
Tochigi (Fig. 1c).

4. Results

Figure 3a shows the mean sea level pressure fields at 18 UTC
9 September reproduced by the regional reanalysis system. The
typhoon over the Pacific Ocean and the extratropical cyclone
over the Japan Sea are well reproduced. However, a depression
that does not appear in the actual fields was analysed over the
ocean to the south of the Japan islands. Figure 3b shows the
specific humidity and the water vapour flux fields at 18 UTC
9 September. The false depression disturbed the provision of
the humid and warm airflow into Kanto district and caused the
region to be drier. Figure 3¢ shows the 24-hour accumulated
precipitation from 9 to 10 in September. Although precipitations
are found in the northern part of the Kanto district, the amount
was less than 100 mm. The intense precipitation area running
from north to south over Kanto district, which is found in Fig,
Ic, was not simulated.

The insufficient coverage of observations used for the
assimilation over the area Typhoon Etau passing through caused
the false depression. The typhoon came from the southward
of the Japan islands where the conventional observations are

sparse. The typhoon in the analysis fields largely departed from

that in the actual fields because observations cannot correct it
sufficiently, before the typhoon reached the Japan islands where
the conventional observations are dense. After the typhoon
reached the Japan islands, a new typhoon were analysed to fit
the actual field with assimilation of the observations. However,
the departure between the typhoons in the first guess and actual
fields are too large at that time, resulting in the false depression

remaining over the ocean to the south of the Japan islands.

5. Conclusion

We examined the high-resolution regional reanalysis system
assimilating the conventional observations, specifically surface
pressure and radiosonde observations, targeting the Kanto-
Tohoku heavy rainfall in September 2015. We found that the
current regional reanalysis system fails to reproduce the heavy
rainfall event. The insufficient coverage of the conventional
observations caused the large departure of the typhoons
approaching the Japan islands in the actual and reanalysis fields,
which results in the failure. The conventional observations used
in the reanalysis are sparse over the ocean to the south-east of
the Japan islands where the typhoons approaching Japan often
pass through. It suggests that assimilating the conventional
observations only are insufficient to analyse typhoons behaviour
accurately.

Typhoons are an important target for regional reanalysis.
In order to address the limitation of the coverage of the

conventional observations, it is necessary to introduce additional
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Fig. 1 The actual fields for the Kanto-Tohoku heavy rainfall event. (a) Mean sea level pressure at 18 UTC 9 September 2015 from the JMA’s meso-
scale analysis (MA), (b) specific humidity and water vapour flux at 925 hPa from MA,(c) accumulated precipitation from 00 UTC 9 to 00 UTC

10 September 2015 from the JMA’s radar/raingauge-analyzed precipitation data.
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Fig. 2 The reproduced fields by the regional reanalysis system for the Kanto-Tohoku heavy rainfall event. (a) Mean sea level pressure and (b) specific
humidity and water vapour flux at 925 hPa at 18 UTC 9 September 2015, (c) accumulated precipitation from 9 to 10 September 2015.
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data associated with typhoons available over long term for the
assimilation such as the positions and pressures of typhoon

centres from the typhoon best-track data [10].
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