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We conducted a 5-km grid regional reanalysis (RRA) for Japan to evaluate the past climate variations. Comparisons of the
reanalysis results for July in 1980s and 2010s suggest that the RRA has long-term consistency necessary to evaluate the regional
climate change. The numbers of the assimilated observations and the differences of the mean sea level pressure fields between
the RRA and JRA-55 are stable from the viewpoint of long term. The RRA is also confirmed to reproduce the observed
distribution of the ratio of July accumulated precipitation in 2010s to that in 1980s. Further evaluations of the reanalysis are
needed to confirm its long-term consistency and reproducibility of long-term variabilities. It is also a future work to reveal the
causes of the long-term variations in the reanalysis, utilizing the reanalysis that provides various atmospheric variables at a

uniform grid unlike observations.
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1. Introduction

We are conducting a high-resolution long-term regional
reanalysis (RRA) that is consistent throughout its reanalysis
period and has high-reproducibility. The RRA is expected to
contribute to evaluating climate change in Japan, investigating
past extreme mesoscale events, developing applications of
weather and climate information, and improving numerical
systems for weather prediction and climate projection.

More than 60 years have passed since the aerological
observation network started to cover the globe in addition to
surface in-situ observation network. Meanwhile, numerical
weather prediction models and data assimilation techniques are
steadily developed supported by computational advances [1].
Major weather prediction centers have started to conduct global
reanalyses, making use of the stored observations and the
advanced numerical weather prediction systems. However, even
the resolutions of the latest global reanalyses, which are
equivalent to grid spacing of 30-40 km at least, are insufficient to
resolve effects of complex terrains and mesoscale meteorological
phenomena. To overcome the resolution problem, the dynamical
downscaling is widely applied, but still has some problems.
Whilst short-term time integrations induce spin-up issue, long-
term time integrations often make the internal fields depart from
the boundary conditions even in synoptic scale. To obtain the
high-resolution fields without departing from the actual, the RRA,
using a high-resolution regional model with assimilating
observations, is needed.

What observations should be assimilated is important in
reanalysis. Available observations have dramatically increased

during the recent 60 years, which is primarily attributed to the

advent and development of remote sensing observations, such as
satellites and surface radars. Even when you use a fixed set of
numerical model and data assimilation scheme, assimilating all
available observations can change the reanalysis quality, Actual
climate change signals are lost in the record of observing system
update. Therefore, it is important to limit to observations with
systems operated throughout the reanalysis period in addition to
using numerical model and data assimilation scheme [3].

We have developed a 5-km long-term RRA system for Japan
assimilating the conventional observations only and studied its
feasibility [4]. Recent upgrade of computational resources
enables us to conduct the long-term RRA in reasonable time. In
this report, we describe the overview of the RRA system and
compare the reanalysis results in July 1980s and 2010s in terms
of the long-term consistency.

2. The regional reanalysis system

The RRA system used in this study is composed of time-
integration with the Nonhydrostatic Model (NHM) [5],
developed by Japan Meteorological Agency (JMA), forced with
the Japanese 55-year Reanalysis (JRA-55) [6] and analysis with
a local ensemble transform Kalman filter (LETKF) [7]. The
NHM-LETKF system covers Far East with a 25 km grid spacing
and Japan with a 5 km grid spacing, applying the one-way
nesting approach. The assimilated data are limited to in-situ
surface pressure observations, radiosonde upper observations
and tropical cyclone center positions over sea from JMA’s best
track data. The land-use change over Japan is given from the
National Land Numerical Information data of the Geospatial

Information Authority of Japan as in JMA’s dynamical
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downscaling of JRA-55 [8]. The concentrations of greenhouse
gases vary with time as in JRA-55. In this NHM-LETKF system,
one NHM run initialized at analysis center is used to obtain a first
guess and 30 perturbed NHM runs are used to estimate
background error covariances. The modification from the
original LETKF algorism, in which the first guess is given from
ensemble mean of the perturbed runs [7], avoids excessively
smooth analysis fields.

In the execution, the RRA was split into streams. In each
stream, 25- and 5-km grid NHM-LETKFs were initialized at 12
UTC 20 June and 12 UTC 29 June in each year, respectively, and
the results until the end of June, assumed as spin-up period, are
excluded for our analysis.

3. Results

We compared the numbers of assimilated observations for
RRA in 1980s and 2010s. In both periods, since most of the upper
observations are assimilated every 12 hours due to the
observation interval, the numbers at 00 and 12 UTC are largely
different from those at 06 and 18 UTC. However, the numbers of
assimilated observations averaged over July in 1980s and 2010s
were almost equivalent (2158 and 1915, respectively) and their
variances were also similar. The RRA is confirmed to assimilate
stable number of observations from the viewpoint of long term.

We also compared the reanalysis results in 1980s and 2010s to
check the consistency in reproducibility of the synoptic-scale
fields. Fig. 1 shows the time series of root mean square
differences (RMSDs) between the mean sea level pressure fields
of the RRA and JRA-55. The averaged RMSDs and standard
deviations were 0.67 and 0.13 hPa in 1980s and 0.63 and 0.12
hPa in 2010s. The result suggests that the RRA has long-term
consistency throughout the period in terms of the reproducibility.

Fig. 2 shows the ratio of July precipitation in 1980s to that in
2010s. The RRA reproduced the observed distribution of the
precipitation change, specifically increase around Nansei Islands
and western Hokkaido and decrease along the Japan sea side of
western Japan.

4. Summary

We conducted a RRA covering Japan with a 5 km grid spacing
to evaluate the past climate variations and compared the
reanalysis results for July in 1980s and 2010s. The comparisons
suggest that the RRA has long-term consistency that is favorable
for evaluating the regional climate change. The numbers of the
assimilated observations, not excluded in quality control
processes, and the differences between the RRA and JRA-55 are
stable from the viewpoint of long term. The RRA is also
confirmed to reproduce the observed spatial distribution of the
ratio of July accumulated precipitation in 2010s to that in 1980s.

Further evaluations of the reanalysis are necessary in terms of
long-term consistency and reproducibility of long-term

variabilities. It is also a future work to reveal the causes of the
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long-term variations in the reanalysis, utilizing the reanalysis that

provides various variables at a uniform grid unlike observations.
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Fig. 1 RMSDs between the mean sea level pressure fields of the
regional reanalysis and JRA-55. The lines show averaged
RMSDs in July in each year and the error bars are their standard
deviations. The left and right are for 1980s and 2010s.
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Fig. 2 The ratio of July precipitation in 1980s to that in 2010s.
The left is from JMA’s surface in-situ observations and the right

is from the regional reanalysis.
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