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This study is aiming at creation of a new ocean product, which is able to reproduce and predict the Kuroshio frontal wave
variations using an assimilation technic to combine the satellite sea surface temperature (SST) data with ocean model outputs. For
this purpose, we constructed the data assimilation system covering south of Japan using Local Ensemble Transform Kalman Filter
(LETKF). We validated the product and developed social application of the product through a website. The assimilation system
well reproduced the variation of oceanic condition at the end of November 2016. However, it was shown that problems remained
in reproducibility of Kuroshio frontal waves, which were characterized by several-days cycle of SST variations shown in situ
data obtained by mooring buoys off the Shikoku Island. Future works include utilizing observation capability of Himawari-8§ SST
characterized by high frequency (10-minute interval) and horizontal high resolution with a 2 km mesh. Himawari-8 has ability to
detect SST diurnal variations and disturbances with tens km scale near coasts. We hence will examine feasibility of a more frequent

assimilation cycle less than daily interval using tide-resolving ocean models with comparable or higher horizontal resolution.

Keywords: South of Japan, Data assimilation, Ocean model, Satellite sea surface data, Ocean current forecast

1. Introduction surface height anomaly (SSHA) data, satellite SST data, and

Japan Aerospace Exploration Agency (JAXA) promotes in situ temperature and salinity data (Table 1). Figure 1 shows
observation capability by using earth observation satellites and a schematic of the assimilation system. Using this system, we
strengthens to develop social applications of their observation producted the data assimilation and the prediction of ocean
results. In recent years, data assimilation techniques allowing condition in the Earth Simulator after the preprocessing at a
combination of the satellite data and numerical model outputs local workstation. In addition, we provide the information of

have been well developed. This study aims to construct a new

ocean product using a data assimilation method and to promote Table. 1 List of assimilated observation data.

the social application of this product. Satellite SSHA data Jason-2, Cryosat-2, Saral-Altika
Himawari-8/Advanced Himawari Imager

2. Assimilation Method (AHI), Global Change Observation

Satellite SST data | Mission — Water (GCOM-W)/Advanced

Microwave Scanning Radiometer 2
system assimilating observation data in a daily-basis using (AMSR?2)

Stony Brook Parallel Ocean Model (sbPOM) [1] and Local .
In situ ocean data P TSPP
Ensemble Transformation Kalman Filter (LETKF) [2] [3]. This rogramme (GTSPP)

system is based on a data assimilation experience on usability of

In this study, we constructed an ocean nowcast/forecast

Global Temperature and Salinity Profile

Flow of system

Download Preprocessing Assimilation Web page

Moderate Resolution Imaging Spectroradiometer (MODIS) sea
surface temperature (SST) data on south of Japan [4]. Spatial
and vertical resolution is 1/36° and 47 sigma levels, respectively.
Forcing data of sbPOM is calculated by bulk formulae using
the National Centers for Environmental Prediction (NCEP)/ -
National Center for Atmospheric Research (NCAR) reanalysis y =

html files

atmospheric data (wind speed at 10m, temperature at 2m, E—

water vapor at 2m, cloud amount, SST, ocean flow). Clear- ) e it files

sky shortwave radiation is calculated by the method of Rosati

and Miyakoda (1988) [5]. Assimilated data are satellite sea Fig. 1 Schematic of the LETKF data assimilation system.
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analysis and prediction data to fishery people through a website.

3. Results
We modified parameters and job scripts to run the LETKF

data assimilation system stably in the 2016 fiscal year and
checked the reproducibility of analysis data in several cases.
An example is shown in Figs. 2 and 3. Spatial distributions in
Fig. 2 show SST variations of satellite and analysis data from
November 22 to 25, 2016. It unseasonably snowed around
Tokyo with cool air coming southward because a cyclone passed
south of Japan from Nov. 23 to 24. As for the influence of this
cyclone, decreasing of SST of south of Japan was detected by

Himawari-8 and GCOM-W satellites. However, there were

Himawari-8

GCOM-W

Analysis data

Nov. 22,2016 Nov. 23,2016_

large missing areas in Himawari-8 SST data on November 23,
because it was covered with clouds. The GCOM-W satellite
detected the SST distributions in cloudy areas, but was able
to detect them in near-shore areas because of lower spatial
resolution. On the other hand, the analysis data reproduced
well the decreasing SST in this term and removed completely
the missing areas of the satellite data. Additionally, vertical
distributions of the analysis data shows that the mixed layer
deepened and the contours of temperature became thinner as the
SST dropped (Fig. 3). This result shows that the analysis data
obtained by the data assimilation not only spatially interpolated
the satellite SST data at surface but also were able to provide

useful subsurface information.

Nov. 24,2016 Nov.25,2016_

Fig. 2 Spatial SST distributions of Himawari-8 (upper), GCOM-W (middle), and analysis data (lower) from November 22 to 25, 2016.
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Fig. 3 Vertical distributions of analysis SST data along the 139°E from November 22 to 25, 2016.
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We validated the analysis and prediction data created by the
LETKF data assimilation system using independent in-situ data
obtained by four buoys moored off the Kochi prefecture, named
as Kuroshio-Bokujyo buoy (Fig. 4; http://www.suisan.tosa.pref.
kochi.lg.jp/). We also compared these data with the Himawari-8
SST data. The results are shown in Fig. 5. Comparing the
validation results between No. 10 and No. 13 moored on the
strong current area, the analysis data at No. 13 follow the
observation data, but those at No. 10 don’t reproduce observed
several-days cycle variations. Validation results of No. 9 and
No. 12 moored in the Tosa Bay indicate that temporal increase
in SST from March 11 to 15 not represented by the observation
data appears in the analysis data, suggesting decline in the ocean
model skill because Himawari-8 did not detect the SST in this
period. These short variations were considered as movement of
the Kuroshio frontal wave. An improvement in the representation
of the Kuroshio frontal waves that is the important information
for fishery people south of Japan, is one of substantial subjects
in this study. We will therefore continue to further improve the

reproducibility of Kuroshio frontal waves.

134° 135°
34°
L
e
™~ /
T/
\‘\f
No. 10
= 33°
32° ; 32°
132° 133° 134° 135°

Fig. 4 Location of Kuroshio-Bokujyo buoys.

One of advantages in the LETKF assimilation is providing
ensemble spreads among ensemble members (error bars in Fig. 5)
that can be used as indexes of uncertainty of the analysis and
prediction data. Spreads of the prediction data indicate that the
uncertainty of prediction increased as the prediction leading time
got longer at No. 10 and No. 13 moored outside the Tosa Bay.
On the other hand, uncertainty of prediction hardly changes at
No. 9 and No. 12 moored inside the Tosa Bay.

4. Conclusion

We started to operate the LETKF data assimilation system,
which assimilates the satellite SST data in a daily-basis using
the Earth Simulator. We constructed the website which was
updated every week to validate the usability of this system.
We tried to assimilate the SST data every 6-hour in this study,
although problems involved in parameter setting and speeding
up of assimilation system remained.

We should assimilate the observation data more frequently
to effectively use the Himawari-8 SST data which temporal and
spatial resolutions are 10 minutes and 2 km, respectively. In
addition, it is necessary to well reproduce the smaller spatial-
temporal scale phenomena that are important information for
fishery people. We also should utilize ocean models representing
the smaller scale phenomena in order to reproduce the diurnal
variations. In these reasons, we will address following issues in
the next fiscal year.

* Expanding the analysis area covering the whole Japan
Islands.

Assimilating the observation data more frequently less than
daily interval.

Using tide-resolving ocean models.

Increasing the spatial resolution of the forcing data.
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Fig. 5 Comparison results with SST data observed by Kuroshio-Bokujyo buoys (black) and Himawari-8 (light blue). Error bars denote ensemble

spread magnitudes of the analysis data (red) and latest prediction data (blue). Pink broken lines show the prediction data at past two times (pink).
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