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Research Program
Satellite Data Simulators and their application to numerical model
evaluation
A satellite simulator is a computer program that reproduces satellite-observed radiances or radar
echoes by applying radiative transfer computations to temperature and humidity profiles and cloud and
precipitation fields generated by numerical models such as cloud-resolving modes and general
circulation models. We develop and distribute the Satellite Data Simulator Unit (SDSU) at HyARC and,
as an effort for its applications, conduct an evaluation study of the cloud microphysical schemes for
CReSS. This research program is aimed at strengthening the link between the satellite simulator
developers and existing and new users across the country. In this year, we continued to collaborate with
the Joint-Simulator developer team lead by Prof. Masaki Satoh at AORI of University of Tokyo and the
JMA Meteorological Satellite Center team in charge of the data product for the next generation
Geostationary Meteorological Satellites. A participation of Dr. Yousuke Sato from RIKEN with the
expertise in LES simulations of stratocumulus clouds have added a new contribution to widen the
applicability of satellite simulators.
A joint workshop on GSMaP and satellite simulators was held together with the GSMaP developer
group on March 2nd and 3rd, 2015. Scientists specializing in broad areas of satellite meteorology
participated in this workshop, leading to further reinforcement of our confidence that HyARC are and
will be playing a pivotal role in the relevant research community in Japan.
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Projects

Program for Risk Information on Climate Change (SOUSEI Program)
Development of coupled ocean-atmosphere non-hydrostatic model for typhoon research
The research project has been performed as a part of the SOUSEI program since 2011. The purposes
in this year are simulation experiments of observed typhoons using the coupled atmosphere-wave-ocean
non-hydrostatic model and their verification, estimation of the maximum typhoon intensity in the future
climate by downscale experiments, performing the daily simulation using the coupled model, and a
response analysis of the ocean to typhoons by comparing simulations and observations.
The development of the coupled model has almost finished. Using the coupled model, simulations of
the atmosphere and ocean are performed three times a week at present. When a typhoon occurs, a special
experiment is also performed. To examine the effect of coupling, we compared the simulation
experiments using the coupled model and uncoupled model. In this study, we found that the Kuroshio
warm current enhances the typhoon which moved along the current.
For coupling experiments of the future climate typhoons, we are developing a method to give data
of water temperature of the ocean. At present, temperature difference is used to increase the ocean
temperature. Further investigation and experiments are necessary for the estimation of the temperature.
Using a regional non-hydrostatic atmospheric model, simulations of historical typhoons were
performed. A rapid intensification of the historical typhoon IDA was successfully simulated. In the
downscale experiments of the future climate typhoons, the most intense super-typhoon attained a central
pressure of 857 hPa and a wind speed of 88 m s–1. The maximum intensity of the super-typhoon was little
affected by uncertainties that arise from experimental settings. This study indicates that the most intense
future super-typhoon could attain wind speeds of 85–90 m s–1 and minimum central pressures of 860 hPa.
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Division of Regional – Scale Water Cycle Processes
Laboratory of Meteorology
Future increase of supertyphoon intensity associated with climate change
Super-typhoon is the most intense tropical cyclone category in the western North Pacific,
corresponding to the uppermost part of hurricane category 4 and the category 5 on the Saffir-Simpson
scale. Increases of tropical cyclone intensity with global warming have been demonstrated by historical
data studies and theory. This raises great concern regarding future changes in typhoon intensity. In
particular, future change in severe typhoon intensity in the western North Pacific is a serious problem in
the countries of East Asia, because typhoon intensity change strongly affects human societies and alters
disasters as well as water resources. Disaster prevention planning should take into consideration the
likely intensities of the most intense storms in the future. The present study addressed the problem to
what extent super-typhoons will become intense in the global warming climate of the late twenty-first
century.
Very high-resolution downscale experiments using a cloud-resolving model without convective
parameterizations were performed for the 30 most intense typhoons obtained from the 20-km-mesh
global simulation of a warmer climate. Twelve super-typhoons occurred in the downscale experiments
and the most intense super-typhoon attained a central pressure of 857 hPa and a wind speed of 88 m s–1.
The increase of typhoon intensity in the downscale experiments is more clearly apparent if the typhoons
are arranged in order of strength. There is a significant difference of typhoon intensity between the
present and future climates (Fig. 1). To increase the reliability of the projected maximum intensity of the
most intense super-typhoon in the future climate and to estimate the range of uncertainty of the intensity,
we also performed several sensitivity experiments of the most intense super-typhoon in the future climate.
The results indicate that the maximum intensity of the super-typhoon was little affected by uncertainties
that arise from experimental settings. As a result, the most intense future super-typhoon could attain wind
speeds of 85–90 m s–1 and minimum central pressures of 860 hPa.
From the viewpoint of disaster prevention, the tracks and landfall points of super-typhoons are
serious concerns. The 12 super-typhoons in the future climate track over most regions of the western
North Pacific (Fig. 2). Nine super-typhoons turned to the north or to the northeast. Six super-typhoons
maintained their intensity even north of 30 °N because of the higher SST in the future climate. These
results suggest that mid-latitude regions of East Asia, including Japan, are highly susceptible to the
effects of super-typhoons in the future.

Reference：
Tsuboki, K., M. K. Yoshioka, T. Shinoda, M. Kato, S. Kanada, and A. Kitoh (2015), Future increase of
supertyphoon intensity associated with climate change, Geophys. Res. Lett., 42 , 646–652,
doi:10.1002/2014GL061793.
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Fig. 1：Intensity distributions of the 30 typhoons arranged in order of intensity obtained in the downscale
experiments in the present climate (thin lines) and the future climate (thick lines). The red lines are
minimum central sea level pressures (SLPs) and the blue lines are the lifetime-maximum wind speeds
(WSs) of the typhoons.

Fig. 2：Tracks of super-typhoons identified in the downscale experiments in the future climate. The red, thick
–1
parts of the lines indicate periods when the maximum surface wind speed was greater than 66.9 m s (130
knots), which is the threshold wind speed for a super-typhoon. Open and closed circles indicate the initial
and final positions, respectively, of typhoons in the experiments.
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Laboratory for Cloud and Precipitation Climatology
Free-tropospheric moisture convergence and tropical convective regimes
This work searches for the key elements separating the dynamic and quiescent phases characterizing
the tropical atmosphere. The analysis is performed with satellite measurements that are composited into
statistical time series individually for the isolated cumulus and organized system regimes.
Free-tropospheric (FT) moisture convergence, cloud-base (CB) moisture updraft, and FT precipitation
efficiency (FTPE) are then derived under large-scale moisture budget constraints. Precipitation is fed
primarily by FT moisture convergence while FTPE and CB moisture updraft amplify in tandem as
organized systems develop (Figure 1a). In the isolated cumulus regime, FT moisture remains weakly
diverging over time accompanying little change of FTPE (Figure 1b). Figure 2 presents a schematic
summary illustrating the contrasting roles of FT moisture convergence between the two convective
regimes. Figure 2a shows the organized system regime in its developing phase, where large-scale
dynamics is explained by the first baroclinic mode. The tight coupling observed between FT moisture
convergence and FTPE suggests a close collaboration between large-scale dynamics and moist
convection. A thermodynamic consideration with moisture and moist static energy (MSE) convergences
suggests that the organized system regime involves a self-sustaining growth of convection and
large-scale updraft, giving rise to a dynamic phase. In the isolated cumulus regime (Figure 2b), the
shallow mode is prevalent throughout and provides a weak but consistent FT moisture divergence. The
isolated cumulus regime is speculated to be stably maintained without the ability to grow by itself, which
presumably accounts for the longevity of a quiescent phase.

Fig. 1 ： Composite time series of
different moisture budget parameters
−1
(mm h ) for (a) the organized system
regime and (b) the isolated cumulus
regime.

Fig. 2 ： Schematic to illustrate the
proposed hypothesis (see text). The
free troposphere is designated by a
light gray box. Horizontal arrows
indicate large-scale mean moisture
flow (shaded darker where more
humid), and vertical arrows represent
CB moisture updraft.

Reference: Masunaga, H. (2014), Free-tropospheric moisture convergence and tropical convective
regimes, Geophys. Res. Lett., 41, 8611–8618, doi:10.1002/2014GL062301.
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Early Evaluation of Ku- and Ka-Band Sensitivities for the Global Precipitation Measurement (GPM)
Dual-Frequency Precipitation Radar (DPR)
The purpose of this study is to quantify the sensitivity of the Global Precipitation Measurement
(GPM) mission core observatory Dual-frequency Precipitation Radar (DPR) with focus on the Ka-band
detectability of light rain and snow in comparison with the Ku-band capability. The GPM mission core
observatory was launched in February 2014. The DPR consists of two radars with the microwave
frequencies of Ka band (35.55 GHz) and Ku band (13.6 GHz). A Ku-band radar has been demonstrated
by the Tropical Rainfall Measuring Mission (TRMM) Precipitation Radar (PR) to be suitable for
measuring moderate to heavy rains typical of the tropical and mid-latitude regions, while a Ka-band radar
is expected to extend its ability to capture weak rain and snow in higher latitudes as well. In this work,
storm top height (STH) is utilized exclusively as the metric of radar sensitivity. The GPM DPR standard
product level 2 version 3 is used in this analysis for the period from April to August 2014. The Ka high
sensitivity (HS) mode and Ku have little systematic difference in STH over a broad range of the
histogram, implying that the advantage of the Ka HS mode may not be as distinct as expected. Figure 3
shows the STH histogram for three different meridional zones with oceans and lands separated. The Ka
MS histogram exhibits a notable difference from the other two, where the Ka MS mode tends to miss
high echo tops (4−7 km for Figs 3a, d, 7−12 km for Figs. 3b, e, 4.5−7 km for Figs. 3c, f) and is as a result
biased toward low echo tops. On the other hand, the Ka HS and Ku histograms stay closely together,
implying that the sensitivity advantage of the Ka HS mode may not be as distinct as expected. A closer
inspection, however, reveals that the Ka HS better captures shallowest echo tops below 1.5 km than the
Ku as highlighted by green and red shades in Fig. 3. Such precipitation with low STHs typically
produces light rain with small raindrops and drizzles or light snow with fluffy snowflakes, which are
generally difficult to capture at low microwave frequencies. Overall, the histograms suggest faint hints of
the Ka superiority to the Ku in terms of sensitivity, although the differences are minor. The non-Rayleigh
scattering effect may have partly offset the sensitivity advantage of the Ka HS over the Ku.

Fig. 3：The STH histogram for Ku,
Ka MS, and Ka HS for (a)
30°N−65°N ocean, (b) 30°S−30°N
ocean, (c) 30°S−65°S ocean, (d)
30°N−65°N land, (e) 30°S−30°N
land, and (f) 30°S−65°S land. For
visual clarity, the difference
between Ku and Ka HS is shaded
in red where Ku exceeds Ka HS
and in green otherwise.

Reference: Toyoshima, K., H. Masunaga, and F. A. Furuzawa, 2015: Early evaluation of Ku- and
Ka-band sensitivities for the Global Precipitation Measurement (GPM) Dual-frequency Precipitation
Radar (DPR), SOLA, 11, 14-17, DOI:10.2151/sola.2015-004.
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Division of Global – Scale Water Cycle Variations
Eco-Climate System Laboratory
Trend and interannual variability of summer precipitation and the atmospheric moisture
flux convergence in the Arctic circumpolar region, with an emphasis on recent increase of
those around the Lena river basin in eastern Siberia
We investigated trend and interannual variability of summer (June, July and August) precipitation
and the atmospheric moisture flux convergence in the Arctic circumpolar region, with an emphasis on
recent increase of those around the Lena river basin in eastern Siberia. Data used in this study are an
archived precipitation data (PREC/L) and two atmospheric re-analysis data (JRA-25/JCDAS, JRA-55).
Previous studies have revealed a negative correlation in the summer atmospheric circulation pattern
between the Lena and Ob river basins. However little is known about the atmospheric water cycles in the
Arctic circumpolar region, including the Mackenzie basin. Hence we compared the trend and interannual
variability of summer atmospheric water cycles in three large North Eurasian river (Lena, Yenisei, and
Ob) basins together with the Mackenzie basin.
The analyzed results showed that significant increases (positive trend) in the summer precipitation
were detected from 1984 to 2012 in the Lena, Yenisei, and the Mackenzie basins. However, summer
precipitation showed significant decreases (negative trend) over Mongolia and Europe/Russia. This was
because anticyclones dominated in these regions. The most significant enhancement of cyclonic
circulation was detected from 2005 to 2008 on the Eurasian side of the Arctic Ocean. However,
anticyclones appeared over Mongolia. These atmospheric circulation patterns increased moisture
convergence over the Lena river basin in this period (Fig. 1). This study also showed a significant
positive correlation in the summer precipitation appeared from around 1995 to 2005 between the Lena
and Yenisei river basins. On the contrary, the negative correlation between the Lena and Ob river basins
became unclear from 1993.

Fig1.
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Changes in water environments and social adaptation under global warming at permafrost
region in eastern Siberia
Meteorological data revealed high rates of summer precipitation in the upper and middle parts of the
Lena river Basin from 2005 to 2008. Summer river flooding around Yakutsk, capital city of the Sakha
Republic of the Russian Federation, has become a problem, severely damaging local agriculture and
pastoralism. On the contrary, the spring thaw along the Lena river typically causes river ice flooding,
which can be severe when low winter temperatures are followed by gradually increasing spring
temperatures. Such spring floods have caused severe damages to local residents living along the river in
almost every year since 1998.
We investigated local people's perceptions and local governmental adaptation strategies for both
spring- and summer-river flooding. Interestingly, spring flooding has been recognized as beneficial
except when it causes damages to villages along the river. This is because spring floods bring
nutrient-rich water to the river islands on which the farmers cultivate pastures for cattle and horses.
Summer river flooding, on the contrary is seen as a hazard, because it submerges the pasture completely
in summer, and prevents getting of hay for cattle and horses.
Village relocations were adopted as one of the adaptation strategies to prevent damages from spring
floods. Because local people prefer to live along the river on which their subsistence depends, they
agreed, with government support, to migrate seasonally. There have been no similar adaptations to
summer flooding, however. Based on our observations and analysis, we intend to promote sustainable
subsistence activities in the region by proposing strategies to facilitate information transmission and
improvement of feed-hay distribution networks that can aid in adaptation to spring and summer river
flooding (Fig. 2).
Above-mentioned outcomes were from the research project (C-07) of the Research Institute for
Humanity and Nature (RIHN), entitled "Global Warming and the Human-Nature Dimension in Siberia:
Social Adaptation to the Changes of the Terrestrial Ecosystem, with an Emphasis on Water
Environments".

Fig 2
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Characteristics of low pressure systems observed in the active phase of intraseasonal
oscillation over Bangladesh
Bangladesh is the predominant area of submonthly-scale (7–25 days) intraseasonal oscillation (ISO)
in the Asian monsoon regions (Fig. 3). The ISO activity can control the interannual variability of the total
summer monsoon rainfall. High-amplitude active peaks of the ISO occur more frequently during wet
monsoon years than during dry monsoon years. Therefore, it is important to study which processes
enhance the amplitude of the active peaks. In this study, the relationship between the low pressure system
(LPS) activity and the submonthly-scale ISO of rainfall over Bangladesh during the summer monsoon
season (June–September) has been investigated using APHRODITE and TRMM 3B42 rainfall, and
JRA-25 reanalysis data. By detecting and tracking the LPSs formed over the Indian monsoon region over
a period of 29 years (1979–2007), we found that about 60 % of active peaks are related to the LPSs
(Fig.4).

Fig3： Time series of area-averaged rainfall in APHRODITE dataset (black bars; left axis) and 7–
25-day-filtered rainfall anomaly (solid line; right axis) from 1 Jun to 30 Sep 1989. Circles denote active
peaks of the ISO. The ‘‘L’’ indicates the active peaks associated with LPS events. Black squares
denote break peaks.

Fig4： LPS associated with an active
peak of the ISO based on TRMM
3B42 rainfall (shading), 850-hPa
geopotential height (contour), and
wind vectors on 21 Jun 2003.

In the active peak, the locations of LPS centers are clustered significantly over and around
Bangladesh. These LPSs are formed mainly over the head of the Bay of Bengal and around Bangladesh,
and they tend to remain almost stationary throughout the lifetime (Fig.5). The composite structures of the
LPSs indicate that the horizontal scale of the systems is about 600 km. Moreover, as an important
characteristic, the maximum moisture convergence occurs on the southeast side of the LPSs. This is
likely caused by interaction between the topography to the north and east of Bangladesh and the
prevailing southwesterly winds from the LPSs. This result also indicates that these LPSs have
significantly different structures from the so-called monsoon depressions over India. The vertical
13

structures of the LPSs over Bangladesh show that the associated cyclonic circulation extends up to about
9km (~300 hPa) (Fig.6). The temperature fields are characterized by a well-defined cold core in the
lower troposphere and a warm core in the upper levels. These vertical fields are similar to those of
monsoon depressions. The most remarkable contrast is found in the field of horizontal wind divergence.
In the active peak, the LPS has stronger convergence, particularly on the east side in the lower
troposphere, whereas the monsoon depressions show a maximum on the west side. This contrast seems to
be responsible for the difference in the propagation characteristics compared with the monsoon
depression. The submonthly-scale ISO of rainfall over Bangladesh is dominated by the north–south shift
of the monsoon trough; however, this study reveals the important role that the LPSs have in enhancing
the amplitude of the active peaks. Furthermore, among the extreme active peaks, heavy rainfall over the
lowland area of Bangladesh is more likely in the presence of an LPS than in its absence. Therefore, the
prediction of the genesis and tracks of the LPSs is a crucial aspect in the prediction of seasonal rainfall
over Bangladesh, and it is an important challenge for future research.

Fig6： Composite vertical cross sections in
meridional wind component for the active
peak along the longitude of the LPS center.

Fig5： (a)Distributions of genesis points (red circles) and
tracks (solid lines) of LPSs identified in active phase of
ISO during June–September (JJAS) for the period 1979–
2007. The size of red circles denotes the number of
geneses in each grid point.(b) Distribution of the
frequency of the LPS tracks for the active peak.

Reference:
Hatsuzuka, D, T. Yasunari and H. Fujinami, 2014: Characteristics of low pressure systems associated
with intraseasonal oscillation of rainfall over Bangladesh during boreal summer, Mon. Wea. Rev., 142,
4758-4774, DOI: 10.1175/MWR-D-13-00307.1.
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Laboratory of Satellite Biological Oceanography
Influence of mesoscale eddies on spring phytoplankton bloom in the Japan Sea
Mesoscale eddies are ubiquitous features of the ocean, and play important roles in the variability of
physical, chemical, and biological properties of the sea. There are many mechanisms by which mesoscale
eddies influence the variability of phytoplankton; for example, vertical fluxes of nutrients through
isopycnal displacement during eddy intensification, eddy decay, advection of coastal waters trapped in
the eddies and transported away from the formation areas, and on the light availability through
modulation of mixed layer depth.
The Japan Sea, a temperate sea with large seasonal phytoplankton variability, is known to be an
eddy-rich area. Although the seasonal cycle of phytoplankton blooms in the Japan Sea is well
documented by studies using ocean colour satellite data, little is known about the influence of mesoscale
eddies on spring phytoplankton bloom. Therefore, the present study, based on satellite data, aimed at
understanding the influence of mesoscale eddies on spatial and temporal variability of phytoplankton in
Japan Sea. More specifically, the timing and magnitude of spring bloom inside and outside of
anticyclonic eddies was investigated during spring of 2003 and 2004.
Sea level anomaly (SLA) data was used to obtain the information of mesoscale eddy field and to
define the centre (C), outer ring (R), and outside (O) of an eddy. The temporal variation of chlorophyll a
concentration (CHL) in the C, R, and O of eddies during spring was investigated using Gaussian function.
Sea surface temperature (SST) temporal variation during spring time was also investigated. Moreover, in
situ data was used to estimate the mixed layer depth in the vicinity of eddies based on a density threshold
∆σθ threshold calculated from a fixed temperature threshold (∆T = 0.2 ºC).
In 2003, two anticyclonic eddies were identified around the Yamato Basin (Y03, 134º E, 38 ºN) in
the west coast of Japan and Ulleung Basin (U03, 131 ºE, 38.3 ºN) in the east coast of Korean peninsula
during spring. In 2004, three anticyclonic eddies were identified, around Yamato Basin (Y04, 135.5 ºE,
37 ºN), Ulleung Basin (U04, 131 ºE, 38 ºN), and off Peter the Great Bay (B04, 131 ºE, 41 ºN) throughout
the spring. Sea surface temperature (SST) was relatively higher in the centres during winter
(January-February), the difference decreased with warming, and the outside became warmer than the
centres in summer. Large SST difference between the centre and the outside was observed in B04 that
moved from near Ulleung Basin to a colder region around 41ºN in January.
High CHL (> 0.5 mg m–3) appeared first in the outside in early March, then in the outer rings in mid
and late March, and finally in the centres in late March and April (Fig. 1). The initiation of spring bloom
was later in the centre of eddies than in the outside except in B04. In situ data showed deeper mixed layer
in the centres than in the outside of eddies. CHL started to increase from outside, in the regions of
shallower mixed layer, suggesting that late spring bloom initiation was caused by the deeper mixed layer
in the centres through influence on light availability. However, the earlier initiation of spring bloom in
the centre of B04 suggested the northward movement of this eddy set early stratification. The magnitudes
of CHL peaks were similar between the centre and the outside of Y03, Y04, and U03, while in B04 and
U04 the peaks were much higher than the outside and the centres of all other eddies. The large peaks in
the centres of B04 and U04 were suggested to be associated with entrainment of coastal water that is
high nutrients levels. CHL peak in Y04 was lower than the centres of other eddies because it was
influenced by the Tsushima Current.
15
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These results indicated that the spatial and temporal variability of spring bloom is largely influenced
by the presence of mesoscale eddies in the Japan Sea. In general, the centre of anticyclonic eddies
seemed to support high phytoplankton blooms comparable to the outside waters in spring. The timing of
the spring bloom was generally later in the centres than outside of eddies due to deeper mixed layer
depth within them. However, large variability of spring bloom magnitude and timing associated with
eddies might be influenced by Tsushima Current and other physical processes related to the eddy activity.
(a)

(b)

(c)

(d)

(e)

Fig1： Time series of weekly (7-day) composites of satellite derived chlorophyll a concentration (CHL) in the centre
(C), outer ring (R) and outside (O) of the eddies. The letters (Y, U and B) and numbers (03 and 04) indicate eddies in
Yamato Basin (YB), Ulleung Basin (UB) and Peter the Great Bay (PGB) and 2003 and 2004, respectively. Dashed
lines indicate the standard deviation for each times series.

Phytoplankton Distribution in Tsushima Strait and the East China Sea during Summer in 2011
and 2012 derived by Pigments Analysis
Phytoplankton as a major primary production in marine ecosystem can respond fast to the variations
of physical and chemical properties in both coastal and open ocean waters. The East China Sea (ECS) is
strongly influenced by the Changjiang Diluted Water (CDW) in the eastern side and Kuroshio water
(KW) in the west. Water in Tsushima Strait is originated from the ECS water and a branch of Kuroshio.
Influenced by the different water masses, phytoplankton compositions should be highly variable in these
two areas. Few studies have investigated phytoplankton in these areas, and information on spatial
variations of phytoplankton compositions is still limited. In this study, different water masses were
recognized by temperature, salinity and nutrient distributions. Phytoplankton pigment samples at surface
and subsurface chlorophyll maxima (SCM) were collected during Nagasaki-maru cruises in summer
season, and they were measured by High Performance Liquid Chlomatogaphy (HPLC). Chlorophyll a
concentration (Chl a) of each sample was proportioned into nine phytoplankton groups based on pigment
analysis using CHEMTAX program.
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Spatial variations on phytoplankton communities during summer from west of Kyushu to southwest
of Jeju Island in 2011 and to the Tsushima Strait (TS) in 2012 were compared (Fig. 2). In 2011, KW was
observed at the west of Kyushu and low salinity water of CDW was identified in the western ECS. In
2012, high temperature and high salinity KW was observed at the west of Kyushu, and temperature was
lower and salinity was also slightly lower in the TS; however CDW was not observed. N:P ratios in 2012
were lower than the Redfield ratio (<16) in most areas; whereas abnormal N:P ratios (>100) was
observed in the CDW region in 2011 reflected the oversupply of nutrients, especially nitrogen from
Changjiang discharge. Chl a was low (~0.25 m m-3) in Kuroshio water, higher in TS, and very high (>2
mg m-3) in CDW.
Phytoplankton composition was also different in KW, TS and CDW. Phytoplankton was mainly
composed by prymnesiophytes and cyanobacteria in the KW and prochlorophyte at the west of Kyushu
were influence of KW was high. Diatom was high in the coastal region of Japan in TS. Diatom and
cryptophyte were high in CDW region. As a result of vertical stratification in summer, nutrients were
depleted at surface layers except CDW region. SCM was observed at all stations except KW. Patchy
distribution of different groups in SCM was found in CDW; whereas the SCM phytoplankton was similar
to surface water in TS.
In conclusion, significant differences of phytoplankton community distribution in the ECS and TS
were shown, and the distribution patterns were highly related to the different water masses. High N:P
ratio in the western ECS indicating over loading of nitrogen from Changjiang River may be one of the
causes in large difference of phytoplankton compositions between ECS and TS.

-3

Fig2： Surface distributions of Chl. a concentration (mg m ) and major phytoplankton groups in 2011 (a) and 2012 (b).
Phytoplankton groups less than 10% of Chl. a are not shown. Black dots are sampling stations.
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Laboratory of Bio-Physical Oceanography
Observation of the Tsushima Warm Current using Long Range Ocean Radar
The Tsushima Warm Current (TWC) flows into the Japan Sea through the Tsushima Straits (TS),
and it is suggested that the TWC separates a few branches after through the TS. However it is difficult to
figure out paths of the TWC from observed data because spatial variation in the TWC is large and tidal
currents are dominate in the area where the TWC might separate. In addition, since EEZ between Japan
to Korea exists around separation area of the TWC, we cannot conduct systematic observation there.
Therefore, we have planned observation of the variation in the TWC paths using Long Range Ocean
Radar (LROR) which observes sea surface currents with high spatial-temporal resolution. Transmitting
frequency of the LROR is 9.2 MHz, and we can observe radial current velocity in the area of 200 km
from a radar site every 30 minutes. We deployed the LROR at 2 station, Tsushima and Aishima Islands,
to obtain current vectors. LROR observation is carried out from June 11 to September 8 in 2014, and
hydrographic and mooring observations were conducted in June and July in 2014 for validation of the
LROR.
Figure 1 denotes a mean current during the LROR observation period. Observed area of the LROR
covers 1st and 2nd branch of the TWC which flow along 100 m isobaths and shelf break, respectively.
However we cannot recognize both branches in Fig. 1 because wind-driven and tidal currents have not
been removed the LROR data yet. Figure 2 shows comparison between current velocities 10-m below
sea surface observed by moored ADCP and radial velocities of the LROR in Tsushima. Correlation
coefficient and RMS at St. TRBM1 that is located head on Tsushima radar are 0.59 and 16.7 cm/s,
respectively. On the other hand, correlation coefficient and RMS at St. CROM1 that is located side of
Tsushima radar are smaller and lager than those at St. TRBM1, respectively. It is concluded that the
LROR has an enough accuracy around head of the radar but the accuracy is decreased side area of the
radar. This is because there might be any problems data processing of the LROR, spatially digital beam
forming. We will develop a new data processing system based on antenna pattern and current velocity
data.

Fig.１：Mean sea surface current
from June 11 to September 8.

Fig.2： comparison between current velocities 10-m below sea
surface observed by moored ADCP and radial velocities of the
LROR in Tsushima.
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Endowed Research Division
Stakeholder Management Research Laboratory
In the years since the Great East Japan Earthquake, we have seen a greater push to expand the use of
renewable energy sources in Japan, with a particular focus on abundant offshore wind resources. Setting
up offshore facilities requires the approval of those working in the fishing industry. However, it is
difficult to reach consensus with fishermen, because the impact that constructing offshore wind farms has
on fisheries includes uncertainty. Not only is cooperation from the fishing industry absolutely essential to
the success of these projects, the rapidly expanding scale of offshore wind farm initiatives means that
project involvement now goes beyond fishermen to include port and harbor facility stakeholders,
regional tourism associations, and a wide variety of other players. Region-wide cooperation is needed to
move forward. In coastal areas, there are regional issues such as population decline and the aging of local
fishermen. The revitalization of fishing communities is an important issue to sustain regional
communities. Under these circumstances, this study aims to promote and suggest offshore wind projects
as not only the purposes of supplying power but also means of resolving issues among regional and
fishing communities.
In this study, we participated in the early stages of domestic offshore wind projects and primarily
conducted fieldwork involving consensus building among regional stakeholders. In 2014, we supported
the creation of a promotion committee and study groups composed of local stakeholders for an offshore
wind project, as well as conducted classes at elementary schools regarding the offshore wind projects and
lectures for local residents. In relation to selecting wind developers from the public for the offshore wind
projects off the coast of Iwafune in Murakami city, Niigata Prefecture, we provided advice regarding the
establishment of a business evaluation committee and the evaluation methods to be used. Additionally, in
regards to the creation of regional benefits, we investigated initiatives in regional revitalization and
benefit restoration methods used in Europe, as well as discussed the implementation of community funds
in Japan with local stakeholders. To enable the implementation of these methods in the future, we plan on
continuing these discussions with both local stakeholders and wind developers.
In Research and Development of Wind and Renewable Energy Technology - Research and
Development of Offshore Wind Power Technology - Basic Research For Local Co-Existence with
Offshore Wind Farms (FY2013-2014 ), a NEDO funded research program, we conducted hearing
surveys to fishermen, local governments, and port and harbor facility stakeholders. As methods for
offshore wind farms to co-exist with local communities, business cooperation with fishermen in terms of
ocean surveys and maintenance and inspection works as well as conservation of fishery resources using
offshore wind farms were derived and reported in the final report.
The study results were presented in Grand Renewable Energy 2014 (GRE2014) international
conference and Journal of Wind Energy, the academic journal of Japan Wind Energy Association. In
addition, we spoke on rules for marine utilization such as fishing rights and science communication
under uncertainty in the stakeholder management workshop in Svolvaer, Norway, Norway-Japan Marine
Seminar 2014, Norway-Japan round table meeting on communicating science hosted by the Norwegian
Embassy.
In terms of university educational initiatives, we ran Environmental Innovation as part of the
Education for Sustainable Development (ESD) Program managed by the five graduate schools of
environmental studies. Visiting researchers and others in our endowed research division offered lectures
on energy-centered initiatives in the private sector.
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Fig. 1： Procedure of consensus building for full scale offshore wind farms in general sea areas

Fig.2： Presentation for local residents

Fig. 3： Workshop at a local elementary school
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