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A New Species of the Genus Amakusanthura (Crustacea: Isopoda:
Anthuridae) Collected from Yuya Bay, on the Sea of Japan Side of
Yamaguchi Prefecture, Western Japan

Noboru NUNOMURA!*

Received 24 September 2015
Accepted 5 November 2015

Abstract

A new species of the genus Amakusanthura azumai (Crustacea: Isopoda: Anthuridae) is described
based on a number of specimens collected from Yuya Bay, on the Sea of Japan side of Yamaguchi
Prefecture in western Honshu. The present new species is most closely allied to Amakusanthura
longiantennata Nunomura, 1977. The former is differentiated from the latter by the following
characteristics: in the rounded medial process and the antero-lateral process of cephalon, the rounded tip
of the masculina of the second male pleopod, less numerous teeth on the maxillula, shorter maxillipeds,
a wider propodus on the perecopdl, a lack of dorsal pits on the dorsal surface of the pereonal somites,

and less numerous setae on the pereopods.

Key Words: Amakusanthura azumai, Anthuridae, Isopoda, new species, taxonomy

Hitherto, forty-four species of the genus
Amakusanthura from all over the world (Schotte, et al.
1995 onward.) including three species in Japan (Nunomura,
1977, 1992, 2004; Nunomura and Shimomura 2012a,
2012b) have been known as valid. Recently I examined a
small collection of isopod crustaceans which Dr. Mikio
Azuma (Professor Emeritus of Nagasaki University at
that time) and his colleagues had collected from Yuya
Bay (Fig. 1), the Sea of Japan side of Yamaguchi
Prefecture, Western Japan in 1986. As the results of research
of mine, I described a new species, Amakusanthura azumai.
Oder Isopoda
Suborder Cymothoida
Family Anthuridae
Amakusanthura azumai n.sp.
(Japanese name: Choshii-higenaga-uminanafushi, new)

(Figs. 2-4)

Material examined: 20" (15" holotype, 8.2mm
in body length and 15" paratype 8.7 mm in body length)
from medium sand, 3 m in depth, off Sugata, Yuya-Bay
(Yuya-wan), Nagato-shi, the Japan Sea Side of
Yamaguchi Prefecture, 9, June 1986, coll. Mikio Azuma,
and 1% (allotype, 10.1 mm in body length), from 5 m in
depth Kaigawa located at Nagato-shi, 9 June 1986, coll.
Mikio Azuma. These specimens were collected by using
NUS (Nagasaki University Sledge) - II net, with the
cooperation of Seikai National Fisheries Research
Branch. Holotype (TOYA
Cr-23646), allotype (TOYA Cr-23647) and a paratype
(TOYA Cr-23648) will be deposited at Toyama Science

Museum. Size of specimens is indicated by the body

Institute, Shimonoseki

length (BL) measured from the midpoint of the anterior
margin of the head to the midpoint of the posterior

margin of the pleotelson.

'Noto Marine Laboratory, Division of Marine Environmental Studies, Institute of Nature and Environmental Technology, Kanazawa

University, Ogi, Noto-cho, Ishikawa 927-0553, Japan
*Author for correspondence
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Yuya Bay

Fig. 1 Map showing Yuya-Bay.

Description of male: Body (Fig. 2A) 13.5 times as
long as wide. Color not pigmented, almost white in
alcohol. Cephalon almost as long as wide; anterior
margin with a round median process. Mutual length of
pereonal somites 1-6 almost same, seventh pereonal
somite half the length of sixth. Dorsal pit not observed.
Pleon 1.8 times as long as wide. Pleonal somites 1-5
fused in medial area and suture lines are seen only lateral
sides; sixth segment perfectly demarcated. Pleotelson
(Fig. 2N) ovate, 2.6 times as long as wide, with a pair of
big statocysts, 2-3 relatively short setae at the midpoint
of posterior end.

Antennule (Fig. 2B) with 3 peduncular segments
and 24-25 flagellar segments, reaching middle part of the
fifth pereonal somite, bearing much seta. Antenna (Fig.
2C) long, composed of 5 peduncular segments and 2
flagellar segments.

Mandible (Fig. 2D): palp three-segments; first
segment 1.9 times as long as wide; second segment 1.5
times longer than the first, with bearing a long seta;
terminal segment 0.45 times as long as the second, with a

relatively short seta; incisor and lacinia small. Maxillula

(Fig. 2E) slender, with 4 spine-like teeth. Maxilliped (Fig.

2F): palp three-segmented, first segment two-thirds as
long as basis, with a seta; second segment a little shorter

than basis, with 3 setae, terminal segment round and

one-third as long as the second, with 6 setae; epipodite
round.

Pereopod 1 (Fig. 3A) stout: basis fan-shaped,;
ischium rectangular; merus rectangular, with 3 setae on
basal part of outer margin; carpus narrow and triangular,
with 4 setae on inner margin; propodus 2.7 times as long
as wide, palm not stepped, with 10-11 setae on inner
margin; dactylus with 4-6 setae.

Pereopod 2 (Fig. 3B): basis 3.8 times as long as
wide; ischium a little shorter than basis; merus half-
length of ischium, with 3 setae on distal half of both
margin ; carpus triangular, with 3 setae on inner margin;
propodus 2.5 times as long as wide, a little smaller than
that of pereopod 1, with 7-8 setae including stout one on
inner area; dactylus as long as wide.

Pereopod 3 (Fig. 3C): basis 3.6 times as long as
wide, with a short seta at inner distal part; ischium a little
shorter than basis; merus half-length of ischium, with a
seta on inner margin; carpus triangular, with 2 setae on
inner area and 2 setae on distal area; propodus somewhat
long, 2.5 times as long as wide, slenderer than that of
pereopod 1, with 8-9 setae on inner area; dactylus as
long as wide.

Pereopod 4 (Fig. 3D): basis 2.7 times as long as
wide; ischium as long as basis; merus rectangular, with 3
setae including a long one; carpus pentagonal, with 2-3
setac on inner distal area; propodus 1.7 times as long as
carpus, with 3 setae on inner distal area and 4 short setae
on outer distal area; dactylus 0.7 times as long as
propodus.

Pereopod 5 (Fig. 3E): basis 3.0 times as long as
wide; ischium as long as basis; merus 0.55 times as long
as ischium, with a seta on outer margin; carpus
trapezoidal, 0.8 times as long as merus, with 2 setae on
outer margin; propodus 1.6 times as long as carpus;
dactylus a little shorter than propodus.

Pereopod 6 (Fig. 3F): basis 3 times as long as wide;
ischium almost as long as basis; merus 0.6 times as long
as ischium, with 3 relatively long setae on distal area;
carpus trapezoidal, 0.8 times as long as merus, with a
seta on inner distal area; propodus 1.3 times as long as
carpus, with 2 short setae at inner distal area; dactylus a

little shorter than propodus.
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Fig. 2 Amakusanthura azumai n.sp. Male.

D-F

0.1mm

G

0.1mm

H — N 0.2mm

A, Dorsal view; B, Antennule; C, Antenna; D, Mandible; E, Maxillula; F, Maxilliped; G, Penes, H, Pleopod
1;, 1, Pleopod 2; J, Pleopod 3; K, Pleopod 4; L, Pleopod 5, M, Uropod; N, Pleotelson (All: Holotype male).

Pereopod 7 (Fig. 3QG) slightly longer than the
pereopod 6: basis 2.7 times as long as wide; ischium
long with 2 setae at inner distal angle; merus long,
two-thirds as long as ischium, with 3 relatively long

setae on distal area; carpus trapezoidal, with 3 setae, on

inner side, and 2 setae on outer margin; propodus 1.3
times as long as carpus, with 5 setae on distal area;
dactylus almost as long as propodus.

Penes (Fig. 2G ) paired and separated, each penis 3

times as long as wide.
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A-G

0.1mm

Fig. 3 Amakusanthura azumai n.sp. Male.
A-G, Pereopods 1-7 (All: Holotype male).

Pleopod 1 (Fig. 2H): peduncle rectangular, with 4
short coupling hooks; endopod narrow, with 10 setae ;
exopod operculum-shaped, exceeds beyond the tip of
endopod, with 11 plumose setae.

Pleopod 2 (Fig. 2I): peduncle square with 3
coupling hooks; endopod with an appendix masculina
bearing a round tip; exopod slightly longer than endopod,
with 12 plumose setae in paratype (unfortunately broken
in holotype).

Pleopods 3-5 (Figs. 2J-L): peduncle

rectangular; endopod 4 times as long as wide, with 4-7

similar

setae on distal margin; exopod slightly longer and wider
than endopod, with 11-15 plumose setae around the
margin.

Uropod (Fig. 2M): peduncle rectangular, 2.3 times
as long as wide; endopod 0.9 times as long as peduncle;
exopod not notched and 2.5 times as long as wide, with
lateral margin slightly sinuate, with 21-22 setae on inner

margin.

Description of female: Body (Fig. 4A) as in male.
Antennule (Fig. 4B) composed of 3 peduncular and



segments and 2 flagellar segments. Antenna (Fig. 4C), as

long as antennule, composed of 5 peduncular and 2
flagellar segments. Mouth part as in male.

setae on inner side; carpus narrow and triangular, with 2
Pereopod 1 (Fig. 4D) stout: basis fan-shaped,

setae on inner side ; propodus stout, with 8-9 setaec on
almost as long as wide; ischium rectangular, with a short

inner margin; dactylus 0.4 times as long as propodus.

seta at inner distal angle; merus relatively slender, with 2

Pereopod 2 (Fig. 4E): basis twice as long as wide;
ischium as long as basis, with 6 setac on inner side;

merus stout, two-thirds as long as ischium, with 6 setae

&

TS

B—J == 0.1mm
PQ

K-Q === 0.2mm

Fig. 4 Amakusanthura azumai n.sp. Female.

A, Dorsal view; B, Antennule; C, Antenna; D-J, Pereopods 1-7; K-O, Pleopods 1-5 (All

: Allotype female).



on inner side; carpus as long as merus, with 4 setae on
inner distal area; propodus slenderer than that of male,
0.7 times as long as carpus, with 7 setae including a stout
one inner margin; dactylus short, two-thirds as long as
propodus.

Pereopod 3 (Fig. 4F): basis 2.3 times as long as
wide; ischium as long as basis, with 4 setae on distal half
of inner margin; merus slender, as long as ischium, with
7-8 setae on inner side; carpus 0.55 times as long as
merus, with 7 setae including 2 stout ones on inner
margin; propodus slenderer than those of male; dactylus
0.6 times as long as propodus.

Pereopods 4-6 (Figs. 3G-I) approximately similar:
basis 2.5 times as long as wide; ischium a little shorter
than basis, with 1-7 setae on inner margin and a seta at
outer distal margin; merus as long as wide, with 1-6
setae on inner margin and a seta at outer distal margin;
carpus as long as merus, with 6-10 setae on inner
margin; propodus somewhat swollen, with 5-8 setae
including a stout one inner margin; dactylus 0.7 times as
long as propodus.

Percopod 7 (Fig. 4)) a little longer than the
preceding one: basis 3 times as long as wide, with a seta
at inner distal area; ischium a little shorter than basis,
with 4 setae at inner distal area and a seta on outer
margin; merus slender, with 5 setaec on inner margin;
carpus almost square, with 5-6 setae on inner distal area;
propodus 1.5 times as long as carpus, with 4 setae on
inner margin; dactylus a little bit shorter than as
propodus.

Pleopod 1 (Fig. 4K): peduncle pentagonal, with 3
coupling hooks; endopod slender, 8 times as long as
wide, with 2 plumose setae at the tip; exopod lanceolate,
3 times as long as wide, with 15-16 setae around the
margin.

Pleopod 2 (Fig. 4L): peduncle with 2 coupling
hooks; endopod 4.5 times as long as wide, with 6
plumose setac on apical margin; exopod 2.8 times as
long as wide, with at least 4 plumose setae on apical
margin.

Pleopod 3 (Fig. 4M): peduncle without hooks;
endopod 5 times as long as wide, with 5 plumose setae

on apical margin; exopod 3.3 times as long as wide, with

12 plumose setae on apical margin.

Pleopod 4 (Fig. 4N): peduncle without hooks;
endopod 6 times as long as wide, with 3 plumose setae
near the tip; exopod 3.3 times as long as wide, with 5
plumose setae near the tip.

Pleopods 5 (Fig. 40): endopod a little shorter than
exopod, 5 times as long as wide, with a plumose seta
near the tip; exopod 6 times as long as endopod, without
setae. Uropod as in male.

Pleotelson 2.4 times longer than wide, with a pair of
relatively big statocysts.

Environments: These specimens were collected
from the medium sand bottom, 3-5m in depth. They were
collected together with other species of Anthuroidea:
Paranthura japonica and Cyathura sp.

Etymology: The species name is dedicated to Dr.
Azuma, collector of the specimens.

Remarks: The present new species is allied to
Amakusanthura longiantennata Nunomura 1977, but the
former differs from the latter in the following features:
(1) stouter antero-medial process and antero-lateral
process of cephalon, (2) round tip of masculina of male
second pleopod, (3) stouter pereopod 1, (4) lack of dorsal
pits of pereonal somites (5) shorter maxilliped, (6) less
numerous teeth of maxillula and (7) less numerous setae

on pereopods.

Acknowledgements: I would like to express my sincere
gratitude to Dr. Mikio Azuma Professor Emeritus of
Nagasaki University for his kindness in giving me a
chance interesting specimens and giving me the

accompanying information.
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Abstract

This study examines the long-term wave data observed along the coastline of the Sea of Japan. The
focus was mainly placed on the wave climate at Wajima Port, which is located on the outer coast of the
Noto Peninsula in Ishikawa Prefecture. The wave characteristics at Wajima were first compared with
those at Kanazawa, which is located relatively close (90 km) to Wajima. The wave climate at Wajima
and Kanazawa indicated similar features in terms of wave height and period. The influence of Noto
Peninsula was substantial only in terms of the incoming wave direction. While neither a statistically
significant trend nor jump was found for the long-term variation of annual wave height at these sites, an
increasing trend and an abrupt jump around 1990 have been detected in the long-term variation of wave
periods at Kanazawa. The wave periods in July have significantly increased at both Wajima and
Kanazawa. The wave properties were then compared with those at Rumoi and Hamada Port, which are
respectively located 830 km and 510 km away from Wajima. Over a long stretch of the Sea of Japan
coast covering Rumoi, Wajima, Kanazawa, and Hamada, wave climate indicated similar and significant
seasonal changes. The difference in the properties of significant waves around these four sites was about
10 %. Significant wave height and period correlated very well with second order polynomials at each
site. In contrast, wave directions along the coastline indicated significant differences. At Rumoi and
Hamada, neither significant trends nor jumps in long-term annual wave periods were detected. The
statistical test revealed that the long-term increasing trends and abrupt jumps of wave period in summer
were intrinsic to the waves at Wajima and Kanazawa, located in the central coastal areas adjacent to the
Sea of Japan.

Key Words: long-term variation, NOWPHAS dataset, regional comparison, Sea of Japan, wave climate

l. Introduction

More than 2,300 km coastline on the Japanese
archipelago is faced to the Sea of Japan, which is a
marginal sea of the western Pacific Ocean between the
Asian mainland, the Japanese archipelago and Sakhalin.

Recently, there has been a wide variety of coastal

problems along the coastline such as severe damages and
inundation induced by violent winter waves and swells,
retreat of shoreline, deposition of sediment in ports,
destruction of coastal ecosystems, and others.
Furthermore, the future climate change is expected to
place significant influence on wave characteristics such

as wave height, period and incoming direction that can

'Division of Environmental Science and Engineering, Graduate School of Natural Science and Technology, Kanazawa University,

Kakuma-machi, Kanazawa, 920-1192 Japan

2School of Environmental Design, College of Science and Engineering, Kanazawa University, Kakuma-machi, Kanazawa, 920-1192

Japan
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induce further adverse impact on coastal areas (Komar et
al., 2009; Mori et al., 2009). In order to cope with these
issues a deep physical understanding on the regional
wave characteristics is essentially important as basic
engineering data.

The wave observation along the Sea of Japan coast
was started since the early 1970s by the NOWPHAS
(Nationwide Ocean Wave information network for Ports
and HArborS) project by the Ministry of Land,
Infrastructure, Transport and Tourism, Japan (Nagai et
al., 1994). around 1980, JMA (Japan

Meteorological Agency) has also started the wave

From

measurements on the Sea of Japan coast. On the basis of
these measurements several studies have been conducted
on the wave climate along the Sea of Japan coast.
Kobune et al. (1988) examined the NOWPHAS data
during 1970 to 1984 all over Japan. Their study included
6 sites along the Sea of Japan coast (Rumoi, Sedana,
Fukaura, Hazikizaki, Wajima and Hamada). They
showed that the seasonal variation of significant wave
height and period is remarkable along the Sea of Japan
coast. The monthly-averaged significant wave height is
largest in winter around 2 m and smallest in summer
around 0.5 m. The annual mean wave height is slightly
larger than 1 m. The corresponding wave period is
around 7 s in winter and around 5 s in summer. The
annual mean is 5 to 6 s. The correlation between the
wave height and period is strong along the Sea of Japan
coast compared with that in the coasts facing to the
Pacific Ocean. The offshore wave slope approaches 0.03
to 0.04 as the wave height becomes large. By the end of
the 20th century, Nagai (1997) summarized the observed
wave characteristics obtained from the NOWPHAS
system over 25 years. The analysis included 8 sites
(Rumoi, Fukaura, Sakata, Wajima, Kanazawa, Tottori,
Hamada and Ainoshima) on the Sea of Japan coast.
Shimizu et al. (2006) extended the analysis over 35 years
in which waves at Rumoi, Sakata, Kanazawa and
Hamada sites were examined. The study indicated that
there was no significant trend in the annually-averaged
significant wave height until 2004. Yamaguchi et al.
(2007) examined the wave data obtained by the
NOWPHAS and JMA over more than two decades along

the whole Japanese Coast. Their analysis included 13
sites on the Sea of Japan side (Rumoi, Sedana,
Matsumae, Fukaura, Atsumi, Wajima, Kanazawa,
Kyougamisaki, Tottori, Kashima, Hamada, Ainoshima
and Fukuejima). They examined the existence of jumps
and trends for significant wave height and period. On the
Sea of Japan side, an increasing jump was observed for
the significant wave height and period in summer. An
increasing trend in wave period was also observed in
summer. Mase et al. (2009) investigated the long-term
variability of annual large waves (maximum and top
three or five average) at 9 sites along the Sea of Japan
coast (Rumoi, Sedana, Fukaura, Sakata, Wajima,
Kanazawa, Fukui, Tottori and Hamada). They pointed
out that the height of episodic waves generated by winter
monsoon pattern has increased in these 30 years. Seki et
al. (2011, 2012) examined the NOWPHAS measurements
over 40 years along the whole Japanese Coast. On the
Sea of Japan side, wave characteristics at 9 sites (Rumoi,
Fukaura, Sakata, Wajima, Kanazawa, Tottori, Hamada,
Ainoshima and loujima) were investigated. Significant
wave height and period in spring and summer indicated
an increasing trend at several locations along the Sea of
Japan coast.

Located in the middle of the Sea of Japan coast,
Ishikawa Prefecture has also been suffering from various
coastal problems, including the progress of severe
coastal erosion, frequent occurrence of rip current
accidents, reduction of coastal habitats, and others. In
order to obtain a deep physical understanding of the
variation in wave properties at Ishikawa Prefecture, the
authors have recently investigated the long-term
variation of wave characteristics at Kanazawa Port
during 1971 to 2012 (Nguyen and Yuhi, 2015). The
results indicated that the annually-mean wave period
abruptly increased around 1990. The increase of
monthly-averaged wave period was most significant in
July. In this study, the authors extend the previous
analysis and further examine the long-term wave
characteristics along the coastline of Ishikawa Prefecture.
First the wave characteristics observed at Wajima is
examined and compared with that at Kanazawa (Nguyen

and Yuhi, 2015). Based on the local comparison of wave



climate the influence of Noto Peninsula is discussed.
Secondly, the wave climate at Wajima is compared with
that of Rumoi and Hamada that are located far (830 and
510 km) from Wajima on the northern and southern part
of the Sea of Japan. On the basis of the comparison of
regional wave characteristics along the Sea of Japan
coast, intrinsic features of wave climate on the coastline

of Ishikawa Prefecture are explored.

Il. Datasets and Methods

1) Field Site and Datasets

NOWPHAS is the wave observation network and
analysis system around the Japanese coastal area. Along
the Sea of Japan coast, the wave characteristics have
been measured from the early 1970s by this project, and
at present the number of NOWPHAS observation sites
has reached more than 20. Among them, the wave
analysis in this study was conducted at the following
four sites: Rumoi Port, Wajima Port, Kanazawa Port and
Hamada Port. The locations of the stations are shown in
Fig. 1. The site numbers, names, type of instruments,
water depth of measurements, periods of analysis are
summarized in Table 1. Since the records comprise of
more than 30 years at these sites, it is considered to be
sufficiently long for the inspection of the regional wave
climates and their long-term changes.

The observation data includes mean, significant,

and 1/10 wave height and period. The measurement of

wave direction at Rumoi, Wajima, Kanazawa, and
Hamada started respectively from 1996, 1991, 2004 and
2004. Namely the length of wave direction data is not
sufficiently long for the analysis of long-term variation.
The statistical data processing had been performed in
time intervals of 2 hours from the start of observations
until the end of the 20th century. After that, the data
processing has been conducted every 20 minutes. In this
study, the time intervals of 2 hours were used. Numbers
of data over the observed durations at the four sites are

presented in Table 2.
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Fig. 1 Location of observation sites.

Table 1 List of wave measurement and analyzed period.

Site . Observed periods (Year. Month) Analyzed period
No. Site Name Instrument type Water depth (m) Start Fnd (Year. Month)
SRW 12.0 1970.01 1978.01 1978.02
. USW 27.0 1978.02 1981. 04
! Rumo USW 49.8 1981.04 1995.09 -
- . . 2013.12
DWDM 49.8 1995.09 now
USW 52.0 1979.01 1995. 08 1979.01
2 Wajima CWD 27.0 1990. 08 1995.08 ~
DWDM 52.0 1995. 09 now 2012.12
USW 20.0 1970.01 1971.05 1970.01
3 Kanazawa USW 20.2 1971.11 2003.07 ~
DWDM 21.1 2003.07 now 2012.12
USW 51.1 1974.03 2003.08 1974.03
4 Hamada
DWDM 50.1 2003.08 now ~2013.12

(SRW: Step-type Wave Gauge; USW: Ultrasonic-type Wave Gauge; CWD: Ultrasonic-type Current meter; DWDM: Doppler-
type Wave Directional Meter)



Table 2 Number of wave data at the four sites.

Site No Site name Total data Missing data Percentage of missing data (%)
1 Rumoi 153408 13260 8.643617021
2 Wajima 149028 19537 13.10961698
3 Kanazawa 176064 27174 15.43416031
4 Hamada 166536 40105 24.08188019

2) Method of Analysis

In general, the measured records include both
normal values and abnormal values. Preliminarily, the
acquisition rate of wave data for each year as well as
each month was computed as a ratio between the number
of normal data and the total number of data. When the
acquisition rate was less than 70 %, the data for the year
or the month was omitted. Initially, wave heights were
converted into corresponding deep water values based on
the linear theory. Firstly, the

wave (shoaling)

monthly-mean properties were computed for the
significant wave height and period for each month. Then
these values were further averaged over the study period
in order to clarify the seasonal variation and relation
between them. The corresponding wave slopes were also
examined. On the basis of the aforementioned analysis,
the similarities and differences among the stations were
examined. Secondly, the seasonal variation of incoming
wave direction has been analyzed as well. In seasonal
comparison, the whole year was divided into 4 seasons:
spring: from March to May; summer: from June to
August; autumn: from September to November and
winter: from December to the following February.
Thirdly, the long-term variations of wave characteristics
were examined. At the beginning, the long-term variation
of annually-mean, maximum, and top 1 % (quantified as
the 99 % quantile of wave height records) of significant
wave properties were calculated and compared. The
long-term variations of monthly-mean values were then
examined. After that, the monthly-mean properties were
analyzed separately before and after 1990 to examine the
changes of observed wave characteristics. Fourthly, the
Mann-Kendall (Kendall, 1938) and Lepage tests (Lepage,
1971) have been conducted in order to detect the
significant trend or jump in the long-term variations at
each station.

In the analysis, the focus is mainly placed on the

wave climate at the coastline of Ishikawa Prefecture,
which is located on the middle north of the Honshu
island of Japan. For this purpose, wave climate observed
at Wajima Port was investigated in detail and compared
with the corresponding wave properties at Kanazawa
Port. Through the local comparison the influence of Noto
Peninsula is discussed. Next, overall comparison along
the Sea of Japan coast was carried out. The wave at
Rumoi, Wajima, and Hamada Port located at the north,
middle, and south part of the Sea of Japan coast were
analyzed to understand the regional dependence of wave
climate and to clarify the intrinsic features observed at

the coastline of Ishikawa Prefecture.

Ill. Wave Climate around the Coastlines of
Ishikawa Prefecture

1) Seasonal Variation

Along the Japanese coast, it is generally known that
the seasonal variation of waves on the Sea of Japan side
is more significant than that on the opposite side facing
to the western Pacific Ocean. On the overall, the
seasonal variation in wave characteristics at both Wajima
and Kanazawa indicated similar features to the previous
studies (e.g. Kobune, 1988). Waves are the smallest
during summer and the largest in winter due to the strong
East Asian winter monsoon. In spring and autumn, waves
are the medium. Since the Wajima and Kanazawa sites
are located relatively close to each other (90 km), the
wave properties at these sites are strongly correlated in
wave height and period. The -correlation between
monthly-averaged values of significant wave heights and
periods at Wajima and Kanazawa were examined as
shown in Fig. 2. The figures illustrate that the values at
these two sites can be linearly correlated very well. On
average, the wave height at Wajima is approximately 3 to

4 % smaller than that at Kanazawa, while the wave



period at Wajima is 3 to 4 % larger than that at
Kanazawa. Figure 3 shows the comparison of seasonal
variation in monthly-mean wave characteristics at
Wajima and Kanazawa, including the average, maximum,
and minimum values during the observation period.
Wave heights in winter at Wajima are slightly smaller

than that at Kanazawa. In contrast, wave periods at
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3 (a) clearly illustrates that, although the differences in
wave heights at both sites in spring, summer and autumn
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discrepancies are clear in spring, summer and autumn
while it is small in winter.

Next, the relationship between the monthly-
averaged significant wave height and period at Wajima
and Kanazawa were considered and compared, for the
averaged and the maximum values during the study
period (Fig. 4). In the figures, the regression results and
several curves corresponding to typical wave slope
(Hy/Ly) were also included. Commonly at both sites,
wave slope in winter are larger than that in summer.
Generally, for both averaged and maximum values, the
wave at Wajima are not as steep as that at Kanazawa. In
particular, Fig. 4 (a) illustrates that in both sites, the
monthly-averaged values of wave height and period are
strongly interdependent. They can be correlated very

well with the following second order polynomials.

At Wajima with correlation coefficient of R*=0.996:

Hijz = 0.087i/32—0.31713+0.11. (1)

At Kanazawa with correlation coefficient of

R?=0.998 (Nguyen and Yuhi, 2015):
His = 0.097i/3 2—0.35 713+ 0.25. Q)

Similarly, the maximum values of monthly-mean
wave height and period (Fig. 4 (b)) can be closely
correlated with the following second order polynomial.
At Wajima with correlation coefficient of R*=0.987:

Hiy3 = 015713 2—1.14T13+2.37. 3)

At Kanazawa with correlation coefficient of
R?=0.973:

Hiz= 011713 2—0.5571/3+0.49. 4)

Since the difference between Wajima and Kanazawa
is small in the above results, it is deduced that the effects
of the Noto Peninsula are small on the wave height and
period.

In contrast to the wave height and period, the wave
direction at these two sites indicate substantially
different features. Figure 5 compares the incoming wave

direction relating to wave period, at Wajima and
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Fig. 4 Comparison of the relationships between monthly-mean wave height and period at Wajima and Kanazawa.



+  Wave period To(s) [ 7o > 10 [ 8 <To < 10

6<To<8 [ J4<To<o HEM2<To<4 HEMMO<To<2]

April
N (0°)

W (270°)

S (180°)

W (270°)

S (180°) S (180°)

Oct
N (0°)

S (180°)

(a) Wajima (1991-2012)

E (90°)

S (180°) S (180°)

(b) Kanazawa (2004-2012)

Fig. 5 Incoming wave direction and wave periods in the four seasons at Wajima and Kanazawa.

Kanazawa, in January, April, July, and October that are
representative for winter, spring, summer, and autumn,
respectively. At Wajima, waves in winter have longer
wave period and approach the coast mainly from the
NNW and NNE direction. In spring, dominant wave
direction is the NWW and NNE. In addition, the number
of waves with long period decreases. In summer, waves
approach the coast, mainly from the NNE and NWW
direction. The wave periods are the shortest. In autumn,
incoming waves are mainly from the NNW and NNE
directions. The wave period in autumn is longer than that
of summer. In conclusion, over the whole year waves
maintain two dominant directions, one of which is
always the NNE direction. In winter and autumn the
NNW direction is added as the other dominant direction.
In spring and summer the other dominant direction
moves to the NWW. According to Nguyen and Yuhi
(2015), on the other hand, the dominant wave direction
at Kanazawa is the NNW in spring, autumn, and winter,
and the NNW and NWW in summer. Although the
location of Wajima is relatively close to Kanazawa (90
km), the overall results on wave direction at these sites
indicated significant differences. This is because the
Kanazawa site is located behind the Noto Peninsula and
is sheltered from the NNE incoming waves. Namely, the

influence of Noto Peninsula is strong on wave direction.

2) Long-term Variation

The long-term variation of annually-mean wave
height showed generally common features at these sites.
Figure 6 (a) compares the variation in annually-mean
significant wave height at Wajima and Kanazawa. The
significant wave height at both sites fluctuate between
1.0 and 1.4 m. The statistical tests demonstrated that, in
both Wajima and Kanazawa, neither a trend nor a jump
exists in the long-term variation of wave height. This is
consistent with the analysis by Shimizu et al., (2006)
based on the observation around Japan over 35 years. In
addition, when observed wave characteristics are
analyzed separately by 1990, the following changes have
been found. At Wajima, the annual averaged value in
duration after 1990 slightly decreases to 1.19 m from the
value of 1.21 m in the duration before 1990. In contrast,
at Kanazawa, that value slightly increased from 1.15 m
to 1.17 m in these periods. After 1990, the scatters of
data are nearly the same in both sites, in which the
standard deviations are 0.09 m, while the data is more
scattered at Wajima, (0.08 m), in comparison with that at
Kanazawa, (0.06 m) before 1990.

The long-term variations at these sites are also
similar for annually-mean wave period. According to Fig.
6 (b), the annually-mean significant wave period at both

Wajima and Kanazawa in the duration after 1990 have
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Fig. 6 Long-term variation in annually-mean significant wave characteristics at Wajima and Kanazawa.

noticeably increased. At Wajima, it increased to 6.02 s
from 5.82 s in the former duration. But the statistical
tests indicate that this increase is not statistically
significant. The wave period fluctuates between 5.46 and
6.33 s. The corresponding standard deviations in the 1st
and second duration are 0.18 s and 0.16 s, respectively;
the values in the former duration are more scattered.

At Kanazawa, Nguyen and Yuhi (2015) indicated
the following wave characteristics: wave period
increased from 5.6 to 5.8 s in the two durations; the
Mann-Kendall test showed an increasing trend in annual
wave period significant at the 1 % level; the Lepage
statistics with the sample size of 15 years also detected
an abrupt jump in the annually-mean significant wave
period around 1990 at the 1 % significance level. It is
noted that this result is in agreement with the observation
by Seki et al., (2012) and Yamaguchi et al., (2007). The
significant wave period fluctuates between 5.41 and 6.09 s,
and the standard deviations in the first duration and
second duration are 0.11 s and 0.15 s, respectively. In

summary, the long-term variations of annually-mean

wave height at Wajima and Kanazawa are similar.
However, the variation at Wajima is less statistically
significant than at Kanazawa.

In order to clarify the characteristics of episodic
waves, the annually maximum and top 1 % of significant
wave characteristics at Wajima and Kanazawa were
compared in Fig. 7. The figures illustrate that the
maximum wave heights and periods fluctuate in a wide
range and the values at Wajima are almost always
smaller than that at Kanazawa. Figures 7 (a) and 7 (b)
demonstrates that, in Wajima, the maximum wave height
reached up to 10.12 m at 2012. In 1980, top 1 % of
significant wave height recorded the highest value of 5.5
m. At Kanazawa, the maximum significant wave
height reached up to 8.08 m at 1980. In the same year,
top 1 % of significant wave height recorded the highest
value of 6.15 m. In Fig. 7(c), it is shown that the
maximum of the significant wave period at Wajima and
Kanazawa was 13.5 s in 2012 and 14.1 s in 1990,
respectively. The statistical test indicated no significant

trends or jumps at both sites for these episodic waves.
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Fig. 7 Long-term variation in episodic wave characteristics at Wajima and Kanazawa.

Next, the long-term variation in monthly-averaged
wave height and period were examined. Figure 8 shows
the relationship between the monthly- mean significant
wave height and period at Wajima, which were averaged
over 2 different durations: before 1990 and after 1990.
The variation of wave heights between the first and the
second duration are not significant in general. In contrast,
wave periods in the second duration are always greater
than that in the first duration. In particular, the wave
periods in July have significantly increased from 4.69 s

to 5.19 s. Generally similar changes were reported by

Nguyen and Yuhi (2015) for Kanazawa.

In order to detect the long-term increasing/
decreasing trend in monthly-mean wave height and
period, the Mann-Kendall statistic tests have been
conducted at Wajima. For the wave height, the statistics
indicated no clear trends. For the wave period, the
Mann-Kendall tests demonstrated that there has been an
increasing trend in January significant at the 5 % level,
and in July at the 1 % level. At Kanazawa, increasing
trends with 5 % significance level in April and July have

been detected for wave height. For wave period at
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Kanazawa, increasing trends have been significant at the
1 % level in March, April and July, and an increasing
trend at the 5 % level has been detected in May. Some
previous studies for Kanazawa have pointed out the
existence of an increasing trend in wave period during
spring (Seki et al., 2012) and summer (Seki et al., 2012;
Yamaguchi et al., 2007). The present results are
consistent with them.

In order to deduce the possible cause of the change
in July at both sites. The year-to-year variation of wave
period in July was compared with several climate indices,

including the Arctic Oscillation (AO), El Nino-Southern

Oscillation (ENSO), Western Pacific (WP), North Pacific
Index (NPI), and Zonal Index (ZI). While other climate
indices express almost no correlations, the WP index
seems to have weak negative correlations with the values

at Wajima and Kanazawa as shown in Fig. 9.

IV. Overall Comparison along the Sea of Japan
Coast

1) Seasonal Variation
Wave climates in Rumoi and Hamada also have
significant seasonal

changes like in Wajima and



Kanazawa (Fig. 10). Waves are the highest in winter, the
smallest in summer and the medium in spring and
autumn. The mean heights of significant wave in
summer are around 0.5 m at Rumoi and 0.6 m at Hamada,
while in winter they are around 1.6 m, and 1.8 m,
respectively. The mean values of the significant wave
period in winter are around 6.2 s at Rumoi, 6.9 s at
Hamada, while waves in the summer have the smaller
period around 4 and 4.5 s at Rumoi and Hamada,
respectively. In general, the difference in the values of
significant waves around these sites is about 10 %. On
average the significant wave height at Hamada is about
4.0 % higher than that of Rumoi but more than 5.0 %
lower than that at Wajima. The wave period at Wajima is
more than 9.0 % higher than that at Rumoi, but almost
1.5 % lower than that at Hamada. Close inspection
revealed that the order of magnitude of wave values at
these sites have certain changes in different season. In
spring, summer and autumn waves are the largest at
Hamada, the lowest at Rumoi, and the medium at

Wajima. However, in winter, the order of magnitude of

the waves is Wajima, Hamada and Rumoi.

The relationship of monthly-averaged wave height
and period at the above 3 sites is then investigated.
Figure 11 compares the relationship between the
monthly-averaged significant wave height and period, at
Rumoi, Wajima, and Hamada. The regression results and
several curves corresponding to the typical wave slope
(Hy/Ly) were also included. The relation between wave
height and period are qualitatively similar among these
sites. In common, wave height and period are strongly
interdependent. They can be correlated very well with
the second order polynomials with high correlation
coefficients. Quantitatively, the averaged-values of wave
period and height at Hamada are the largest, the values at
Rumoi are the lowest and the values at Wajima are the
medium. Waves seem to be steeper at the north and
flatten at the south part of the coastline. Waves at Rumoi
are the steepest, in which the maximum wave slope
reached up to 0.03. They are the medium at Wajima
with the wave slope in the range from 0.016 to 0.026.

The lowest wave slope occurred at Hamada with the
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Fig. 10 Comparison of seasonal variation in monthly-mean wave properties at Rumoi, Wajima and Hamada.
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Fig. 12 Incoming wave direction and wave periods in the four seasons at Rumoi, Wajima, and Hamada.
value of 0.013. These differences are considered to be mainly related to

Wave direction along the coastline indicated
significant differences. Figure 12 compares the incoming
wave direction relating to wave period, at Rumoi,
Wajima and Hamada, in typical months, which represent
for winter, spring, summer and autumn seasons. While
the seasonal variations of wave period at Rumoi and
Hamada are also the same with that at Wajima, the
variation of wave direction at each site is different from
the others. At Rumoi, waves in winter approach the coast
mainly from the NNW and NWW direction. In spring,
summer, and autumn dominant wave directions are the
SWW and NWW. At Hamada, throughout the year waves

mainly approach shoreline from the NNE direction.

the orientation of the coastlines at these sites: the
shoreline at Rumoi, Wajima, and Hamada has the N-S,
NE-SW, and E-W direction, respectively. Moreover,
located at the north-eastern part of the Japan Sea, Rumoi
could be impacted by the waves from the south-western
side with long fetch distance. In contrast, at Hamada the
longest fetch of wave evolution is in the direction from
the north to the south. These differences may contribute
to the discrepancies in wave direction at Rumoi and

Hamada.

2) Long-term Variation

The long-term variation in annual significant wave



properties along the Sea of Japan showed some different
features. Figure 13 compares the long-term variation in
annually-mean of significant waves at Rumoi, Wajima
and Hamada. For wave heights, the figure illustrates that,
significant wave height at Wajima is generally the
highest in comparison with those of other sites. At
Rumoi the annually-averaged value is smaller than that
at Hamada. Moreover, at Rumoi, the range of the data is
greater than that at Hamada. The minimum and
maximum values are 0.89 m, 1.37 m at Rumoi and 0.99
m, 1.29 m at Hamada. In addition, the Mann-Kendall
tests for the long-term variation of wave height
demonstrated a decreasing trend at 5 % significant level
at Rumoi, but the Lepage test indicated no abrupt jumps
here. In contrast, at Hamada, although the Mann-Kendall
test has shown no significant trends, the Lepage test with
sample size of 10 years indicated an abrupt jump at 1 %
significance level around 1991. According to Fig. 13 (b),
the annual-mean significant wave period at Hamada is
6.04 s, which is larger than that of Wajima and Rumoi,
5.95 s and 5.47 s, respectively. Similar to Wajima, at

both Rumoi and Hamada, the statistical tests indicated no
significant trends or jumps in long-term wave period.

To clarify the long-term differences in the regional
variation, wave characteristics of the 4 sites are
compared together in Tables 3 and 4. The tables show
that, except for the long-term averaged mean of
significant wave height in autumn, the long-term mean at
the northern part of the coast are always smaller than that
at the southern part. In contrast, the standard deviations
at the north site are always larger than that at the south
site, which mean that the data is more scattered at the
northern part in comparison with that at the southern. In
addition, an increasing trend in the long-term annual
wave period at Kanazawa, the middle sites, and a
decreasing trend in the long-term annual wave height at
Rumoi, the northern site have been found.

The episodic events also vary from the north to the
south parts of the study area. Figures 14 (a), (b) and (c)
compare the maximum and top 1 % of significant wave
at Rumoi and Hamada. Figures 14 (a) and 14 (b)

demonstrate that, at Rumoi, the maximum wave height
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Table 3 Comparison of annually-mean significant wave properties at the four sites.

(a) Wave period (s)
Site Annual mean over | Statistical test for| Annual mean Annual mean after | Standard deviation| Standard deviation
No Site Name | the study period long-term trend before 1990 1990 before 1990 after 1990
1 Rumoi 547 No 5.48 5.46 0.19 0.13
2 Wajima 5.95 No 5.82 6.02 0.18 0.16
3 Kanazawa 5.70 Increasing 5.60 5.80 0.11 0.15
4 Hamada 6.04 No 5.99 6.06 0.14 0.08
(b) Wave height (m)
Site Annual mean over | Statistical test for Annual mean | Annual mean after | Standard deviation| Standard deviation
No | Site Name | the study period long-term trend before 1990 1990 before 1990 after 1990
1 Rumoi 1.10 Decreasing 1.13 1.07 0.12 0.07
2 Wajima 1.20 No 1.21 1.19 0.08 0.09
3 Kanazawa 1.16 No 1.15 1.17 0.06 0.09
4 Hamada 1.14 No 1.15 1.13 0.10 0.05

Table 4 Comparison of seasonal significant wave properties averaged over the study period at the four sites.

(a) Wave period (s)
Site No Site Name Mean in Winter Mean in spring Mean in summer Mean in autumn
1 Rumoi 6.21 5.36 4.57 5.67
2 Wajima 7.11 5.65 4.96 6.08
3 Kanazawa 7.04 5.36 4.66 5.80
4 Hamada 7.65 6.58 530 6.21
(b) Wave height (m)
Site No Site Name Mean in Winter Mean in spring Mean in summer Mean in autumn
1 Rumoi 1.73 0.99 0.46 1.27
2 Wajima 2.05 1.02 0.57 1.23
3 Kanazawa 2.21 0.98 0.53 1.21
4 Hamada 1.80 1.02 0.63 1.17

reached up to 7.89 m in 1980. In 1987, top 1 % of
significant wave height recorded the highest value of
5.03 m. In Hamada, the maximum significant wave
height reached up to 8.47 m at 1990. In 2005, top 1 % of
significant wave height recorded the highest value of
4.66 m. Figure 14 (c) shows that the maximum of the
significant wave period in Rumoi and Hamada was 12.6
s at 1978 and 11.2 s at 1990, respectively. For long-term
annual maximum values, the Mann-Kendall and Lepage
tests revealed no significant trends or jumps at Rumoi
and Hamada.

Isozaki. (2006) proposed a hypothesis on the
existence of negative correlation between the episodic
wave characteristics at the middle and north side of the

Sea of Japan coast. In order to examine this hypothesis,

the year to year variation between the annual maximum
significant wave height at Rumoi is compared with those
at Wajima and Hamada as shown in Fig. 15. The results
revealed that the maximum values at Rumoi and Hamada
have little correlation. The episodic wave properties at
Rumoi and Wajima seem to have a weak negative
correlation when the values at Rumoi are relatively small,
but it turns to a positive correlation when the values at
Rumoi are large. The correlation coefficients in both
cases were small. Hence, the results do not support the
assumption by Isozaki (2006).

In terms of long-term variation in monthly-averaged
wave height and period, comparison has been made on
the relationship between the monthly- mean significant

wave height and period at Rumoi, Wajima, and Hamada,
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Fig. 14 Long-term variation in episodic wave characteristics at Rumoi and Hamada.

which are averaged over two different durations: before
1990 and after 1990. In general, unlike at Wajima, the
differences in values between the first and the second
duration at Rumoi and Hamada are not significant for
both wave height and period. Especially, in the period
from January to June at Romoi, the variation in both
duration is quite small. In addition, the Mann-Kendall
tests at Rumoi and Hamada showed that, for wave height,
the decreasing trends at the 5 % significance level have
been detected in October at Rumoi, and in February and

August at Hamada. For wave period, while an increasing

trend at the 5 % significance level has been detected in
March at Rumoi, no clear tendencies have been found at
Hamada. For wave periods, the discrepancies of values
from the north to the south sites are quite clear, in which
the magnitude is in the order of Hamada, Wajima, and
Rumoi.

Some features of long-term trends in monthly-mean
wave properties have been found by the Mann-Kendall
tests. Table 5 summarizes the long-term trends for
monthly-averaged significant wave characteristics at the

four sites. The two sites at the middle of the coastlines
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Table 5 Summary of the long-term trends for monthly-averaged significant wave characteristics at the four sites.

Rumoi Wajima

Kanazawa Hamada

Month (T13)o (Hii)o (T13)0

(Hi3)o

(T13)0 (Hiz)o (T13)o (Hiz)o

A

Jan

Feb

v

Mar

Apr

May

(] 3] 2

Jun

Jul

>
(g

Aug

Sep

Oct

Nov

Dec

A Increasing trend significant at 1% level;
A Increasing trend significant at 5% level;
7  Decreasing trend significant at 5% level.

always have increasing trends especially at Kanazawa.
Moreover, most of the detected trends concentrate in
spring and summer season. In addition, most of the
trends are indicated for significant wave period. In

contrast, at both the north and the south sites, some

decreasing trends in significant wave height were found.
Just one increasing trend was detected in significant
wave period in March at Rumoi Port.

A wide variety of abrupt jumps have been detected

by the Lepage tests. Tables 6 summarize the years of



Table 6 Years of abrupt jumps detected by the Lepage test for monthly-averaged
significant wave characteristics at the four sites with sample size of 10 years.

Month Rumoi Wajima Kanazawa Hamada
on
(To)15s (Ho)is (To)15s (Ho)is (To)15s (Ho)13 (To)is (Ho)13
1993
1994*
January 1991 1995% 1995 1989
1996
February 2004 2004
March 1996 1991 2003 2002 1999
1998 1993 2003
1991
April izg; 1999 1992 1992
1993
1996 1992 1998
M 1988
v 1997 1995 | 2000
1990 1986
1991 1987
June 1999 1992 iggg 1988 *
1999 1989 *
2000 1991
1987
1988
*
1991* 1989
1990*
1992
July 1991*
1993
1995 1992
1995%*
1996
1997
August 2004
1999
Septemb 1989
eptember |0
2001
October 2002 1990 2000 2000
2003
November 1994 1987 1990
December

(Years with *: significant at 1% level; years without *: significant at 5% level)

abrupt jumps for monthly-averaged significant wave
characteristics at the 4 sites with sample size of 10 years
and significant at 5 % and 1 % level. With the significant
level of 5 % the abrupt jumps have been detected in
many years at Rumoi, Wajima, and Kanazawa Port. On
the contrary, data at Hamada Port are quite stable during
the study period. The jumps were just found in 5
different years. With significance level at 1 %, the abrupt
jumps were detected in wave period only at Wajima and
Kanazawa. Moreover, the jumps are concentrated in June
and July, around the years of 1989-1991.

At areas related to the 4 sites, we have conducted
further analysis on the long-term typhoon records, wind
speed records and others in order to clarify the possible
reasons responsible for the differences. However, factors
contributed to the differences of wave characteristics at

these 4 sites are quite complicated. At this moment,

principal factors contributed to the differences of wave
characteristics at these 4 sites are not clear. More detailed

analyses are needed in the future research.

V. Summary Remarks

This study examined the long-term wave data
observed at the four ports, including Rumoi, Wajima,
Kanazawa, and Hamada in order to make a comparison
of the long-term as well as the seasonal characteristics in
significant wave properties along the Sea of Japan coast.

The local comparison between Wajima and
Kanazawa sites indicated several common features in
wave characteristics along the coast of Ishikawa
Prefecture; the wave characteristics at Wajima mostly
have a close relationship with that of Kanazawa. Wave

height and period at each site are strongly interdependent



and can be correlated very well with the second order
polynomials. The statistical tests demonstrated that, in
both Wajima and Kanazawa, neither a trend nor a jump
exists in the long-term variation of wave height. The
wave periods in July have significantly increased at 1 %
significant level, at both sites. On the other hand, various
different factors between Wajima and Kanazawa were
also recognized. Especially, wave direction of these sites
demonstrated significant discrepancies. Namely, the
effect of the Noto Peninsula is small on wave height and
period, but is significant on wave direction. From the
statistical tests, neither a trend nor a jump has been found
at Wajima on annual wave period, although an increasing
trend and an abrupt jump around 1990 were detected at

Kanazawa at the 1 % significance level in annual wave

period.
On the overall comparison, wave climates at Rumoi
and Hamada have significant seasonal changes,

qualitatively similar to Wajima and Kanazawa. In
general, the difference in the values of significant waves
around these sites is about 10 %. Wave height and period
can be correlated very well with the second order
polynomials. Similar to Wajima, at both Rumoi and
Hamada, the statistical tests indicated no significant
trends or jumps in long-term annual wave period as well
as episodic events of wave height and period. Beside the
common features, waves along the coastline indicated
regional dependence. Annual wave height at Rumoi is
the smallest, Wajima is the highest, and Hamada is the
medium. Annual wave period at Rumoi is the smallest,
Wajima is the medium, and Hamada is the largest.
Moreover, wave direction along the coastline indicated
significant differences. The statistical test revealed that at
the north (Rumoi) and the south (Hamada) the long-term
trends and abrupt jumps are not as clear as those at the
middle of the coastline (Wajima and Kanazawa). Namely,
the long-term increasing trends and abrupt jumps of
wave period in summer are intrinsic to the waves at
Wajima and Kanazawa located on the central part of the
Sea of Japan.

Although the wave analyses in this study revealed
indication of climate change

impact on wave

characteristics along the Sea of Japan coast during the

last 30 to 40 years, it is difficult to provide clear
evidence for that. In the future, on the other hand,
climate change phenomenon is expected to place
stronger impacts on the variation of wave characteristic
along Japanese coast (e.g. Shimura et al., 2015). In order
to clarify the characteristics of such impact, more
detailed efforts using wave model prediction is needed.
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Distribution and Seasonal Characteristics of Zostera in Nanao Sei-Wan Bay,
Ishikawa Prefecture, Sea of Japan

Takahiko IKEMORI", Yukimasa HIGASHIDE? and Keiichi SAKAI*

Abstract

It is well known that seagrass beds are important in coastal ecosystems. We investigated the
distribution of seagrass beds of Zostera in Nanao Sei-Wan (western Nanao Bay), Ishikawa Prefecture in
December 2011. As a result, 1,042 ha of Zostera beds and 6 ha of Sargassum beds were observed. As
compared with those in 1990, the sizes of the Zostera beds have decreased to 83%, and the Sargassum
beds have been reduced to 14%. Seasonal changes in Z. marina revealed that this species forms dense
Zostera beds from spring to early summer, although it disappears from late summer to early autumn.
We discussed this specific change from the viewpoints of water temperature and the lapse of time in the

environment.

Key Words: Nanao Sei-Wan Bay, reproduction, withering, Zostera beds
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Fig. 3 Prennial stems of Z. caepitosa, off Tanegashima, 4R.
April, 2012. Fig. 4 Seedling stems with generative stock of Z.

marina, off Kumakigawa, April, 2012.
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Fig. 5 Newly seedling stems of Z. marina, off Kumaki-
gawa, October, 2012.
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Fig. 7 Prennial and seedling stems mixed with
generative stock of Z. marina, off Tatsuruhama,
April, 2012.
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Fig.6 Prennial and seedling stems mixed with
generative stock of Z. marina,off Karashima,
April, 2012.
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Fig. 8 Prennial stems with generative stock of Z.
marina, off Shirasaki, April, 2012.
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The Development Process for Landscape Conservation Activities in

Important Historical Preservation Districts:
A Case Study of the Kanaya-machi District, Takaoka City, Toyama Prefecture

Noriko YOROIZUKA' and Kunimitsu YOSHIDA?*

Abstract

This paper aims to explain in detail the system of traditional landscape conservation for groups of
historical buildings in important preservation districts. An analysis was conducted of the relations
between the actors from local government (prefectural and municipal) and some residents’ associations
in the study area, focusing in particular on those who were participants in the residents’ associations.
The study area is the Kanaya-machi District, in Takaoka City, Toyama Prefecture, which was selected as
an important preservation district for groups of historical buildings in 2012.

As a result, the opportunity was seized by both local government and the residents’ associations in
Kanaya-machi to revive landscape conservation activities. Although these activities and the local
government departments who were involved were different in each residents’ association, the
cooperative system in the area has been developed spontaneously under the title “Genki Projects,” with
specific residents acting as coordinators. Each of these activities was tied to a common stage of
Kanaya-machi’s conservation, and thus the current traditional landscape has been preserved.

Key Words: important preservation districts for groups of historical buildings, inter-relationships
between local actors, landscape conservation, tourism, traditional landscapes
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Fig. 1 Study area.
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Table 1 Activities of landscape conservation in study area.
1T ! \ X . -
= - . e B : K b LT
L | il i . ,
1975 SIS D TRAEECHIIE) H675 | ! !
1979 :*ﬁmiﬁr)ﬁ{ RS EE ! I
| At mA X ! i
1980 | | BT ARBRS R | [
N I
1982 | L R A VR |
[ | EBS B ARE !
I I
1983 | TR S D BAZ) ) | !
1984 (g gnsqy 1 BRI RS ! | |
el I (AR | TG RHTE D BRETHACA ) | ! !
DT YA Atk | ! !
FRIE . AT i L S i N ] e I 3
e g;:z:ﬁ; gmﬁ ! A A T ! ! | BT R AR
N FE 3 I
fﬁ%éﬂﬁﬁmﬁ 2 Fh | : :
1986 | st ke(Ldriss T ! ! | |
1987 | |REWNGED $hARBERS !
1988 4 s s | | ERATELICORERE '
1989 : S B AR SERR ! 1 :
1
1690 | BT A T ! ! :
! 1
1991 | 42730 Y 4 AL ! ! , e s
AT % 5 < Y
1992 ! Bk R ! ! Rl
1994 ! URFERE TR AR | | THEREE
! ! |  EELAEE
1996 U BGRAT I S 7 ! | |
1997 | WA B =T !
bt I
1998 UREER) ERRARCRE | RE :
1999 X | IEFY T U= (OFE] B i
2000 ! |—lfﬁ%;§ﬂﬁ‘ﬁmi‘%ﬁ%ﬂ“®\%nk | !
1 LI 25 e ! g 2 TR i 1 TR |2
2001 | | SEOCT=RAEFEAS X
l 1 VA 1
X VEBIRIE £ 7= A S i 1 '
\ | Bl TER X !
2002 ! VR2EE £ O 7w AL ind AT | :
2003 : VB £ O 7 =AY ind T 1 |
2004 | VAR S EO D7 =AY inke AT | !
2005 R AT~ A 5 7 Z 2 SE S E 0 7 A S iR :
| FE M) P ! |
2006 | RBTHIE) <aeE Bl 5 20275 S ind B | :
: '777hﬂe«»7)~r:@:@1m. ,
1 B 1 1
2007 VIR A ERE L. R .%73;{@:71x5«1n_%im, X
1 1
! TSRS 5 A | !
2008 TR W : :
G TR A SR AN S5 (A D) :ﬁ%t&méﬁ%ﬁ% | |
1 i ! !
BN S E A 2~y ! !
| SENRIRIARR) FERRA T inS £0 2 |
2009 o T b .A,;WJH( P !
! (KT« T - AT - AT - Sy .
QR MRS YT RERA7 4 (EIRHB)) | ARG R inS 0 2 !
2010 ! LRI T2 2 . !
| S AT T in S £ 0 = !
2011 TR T s S AR ) e :/E}%ZMT~1%)%A\WT0>77WT7§\ ! I
| , SRR HA ! !
FF:I’HW*EEE’JH&#EFPWL +WJ | |
2012 BETARGRARICEE. PARGIIAIInS 202 '
' I
: HT: ﬂklZ( j, | X |
| T 7 G R O R {7 M (R B !
B, ROMIFEC LS WSROEE, ERIEET | |
2013 ! ERE5IE 5L HeEIREM AT inS £ 2 :
GEITE B il &Y LCRIE ! i
: TORNTE B3 0 i) & RBURHEIk &
| \TKANAYA] 75 > RALH EiF X !
2014 ! VROEEL LT | X
X VTR B Y x s b R |
| | ERNTERS (LA e ! !
! ! Pl RITE T inS £ = \




EFHOVEHE (LT, BREELSS VEE) ] LiE
Fraius [l vl st i) e Ry 1) B3 23R E
Ihiz, ZOREEELSL< Y FEIT20084F 2T =
A7 THUEIZ 381 2 I s i JR BokE s & OVm) 2B
DI b EICREESNELDOTH D, Fiz [
SRREE & X, THUIERIZ 31T 2 [E A ORE L K OMBHE
R LT N2 OIEEN &, ZOIREhRN T D EESE
BB O i W) ] OV O JE30 O A RS — 1K &
o TR L CE -t RE: ) ? LEZENT
Wh, FEERELS VEEICENT, MRS L O
ErNEBEEARZE L TERIINRIT b, S8
FERREAHXICBIEE SN TS ZEnD, 4T
ZEGEIORET SO OKHNE 2 S, B
B30 & LT, &R O TR (FE{xEH
E%)%WWLT%% KB & L CIEHT 5 &
HiZ, (ERABHES L L THEMT 2 2 & nzsT
%hfwéo:hiféém®*%ﬁﬁmﬁﬁ%@
RIEIZHTZD, BEOIR & EBRIEOHKI 6V~
J arFEEILE 2 o7z, LinL, [ERAL
ORI LY, P~/ azEkil N T bk
Itz HLE, FEROMENEELTHIEA
TH, TOEMOEERL T~/ agEds2Ltd
AL e o TS, ZD X DT, UL ORITE LTS
N B S A ‘7L_6+¥%3T£E’\@ﬁﬁ§ ko7, =
BIREA~ET 72 7 NROEHIDNHEZ B, 20124F
12A28 HIZEREITIIELCRICRE SN, Z0% D
REREE D HEBEENMTONTET,
PLED X 91T, 1990FAETH-0 HBUE £ TITMIT
T, mTREFESCA T E~ A X —T T L

O EATFHEC B U 72 S b O R, Bl
T 7= BRI O R ECHERPFENFEM N TE 7
(X2), 19904FRT-LAREIT Y 7 b il OB A3 L &
2o TS, £ LTC0134FEND, HInENOEEY
DIEH, ERSCAREY ORBOME B THR L
N— NEOEEF R OAREL LoD H D,

2) FROmMYHAH

2—-1) 2BHFEL I Y BESR
ESEITELS D s (BLF, £5H3< 0 Wik
) 1%, 1982 T ST I Ko T T s S 1
O] SR ZFI-HOFT) ZREARTERIC (&2
I E HO WS & L THYESN, 2
ETORYMACONT, ETWHEDHRSLLATORE
BT, 19804F DALRRERTT0 B S EBHRDERIZ LT
FRAELDMERSCEENSCED-FNETE SR
LM EEILL T, SR RIS BHE & 5%
SELTEZ ENRFET BID 19834FIC TN LTz [ 4
BITE LSV EER] ICEBLI WV HES LS
L7co 19874R1TIE, SifRe & &R D OREfHIC
DN T - RTT 7200 TR E LT 1482
@Y £ bRATES] BELIN, FFEIC &2
HIE HO WER] BHES N, D%, 19914F
DT VA CHETIE, Wk - Bahainb-o7z,
WO AL LT, SUBITH D ORFEHFE T4
JREFEEIE ] 73 19994F 7 20144 BIAE £ THEL], fikfe
BRfE L ST 5, THEdERIIRER 113200047 52014
FEBUEE CHREGBIME L TR Y, &RITD X 9 I10H
RAIZERV A TV DA HE L, 4% O M

‘ rﬂﬂﬁiﬁﬁh
\ EBREGBHHEIRAZI—T5 | BRmEELEREE |
FIHLC . . (B Rm R E R B A L5 E) — LT
| meweenm || SUIRECURREER o
R Bkl It [ ) g
= BEDE LA R - BTREBACET 555 | F5ICYUHE E
ﬁ% EF PIP e 2ok H H
h 4 = -
\ / AT R EHORE DR : v
BABEELT YL B fraisese D mmxomermn
v i S o INTEEIERT = K 5 ORIER
) R DR i T :

- Bk e AEE (A - Hf)
* BRI (R

< AEEE WS W3)
- Rk (S64)
- JBERE T A AL (S59)

CABORBEEE L

e BRI A — b 1k LU, %6

<~ VI BORE—>
SEIRIS —_—> —_—
- ASEREEEU\—R) - \—REORE

<

M2 SBR2ICEYHEHE - FENEE (GRETREENSIVEENYRAERICEYMAER.
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Fig. 3 Overlapping participants on
residents associations.
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Studies in Relations to Karakuri-dolls (Mechanical Dolls) and of Cannons
Described in Benkiti Ohno’s Famous Notebook “Ittousi Kyuroku Seiyaku”

Eiji ITAGAKI' and Ichiei TERANISHI

Abstract

Benkiti Ohno, a technician who made mechanical dolls, wrote about mechanical dolls who had
metal-coiled springs in his notebook “Itfousi Kyuroku”. In this article, we described the structures and
working mechanisms of his dolls. These included the ‘tea-cup serving doll’ and the ‘Sanbasou-festival
doll.” We discovered how original the specified structures of the machines were, which are different
from those of Yorinao Hosokawa’s tea-cup serving dolls.

The dresses of the Sanbasou-festival doll showed that the upper clothing was made of the linen
cloth, Linum usitatissimum. This is a characteristically Japanese cloth called “Sanbon Roh”. The
“Hakama” skirt was also made of a very beautiful and valuable silk cloth embroidered flowers and
grass.

Other figures, which were related to artillery and bullets that were described in “Ittousi Kyuroku”,
were copies of the real life and large size working pieces used at the Kanazawa Clan’s Suzumi artillery
production factory in 1856. This article describes Benkiti’s activities in Kanazawa in the second half
of the 19th century.

Key Words: Atrtillery figures, Benkiti Ohno, /tfousi Kyuroku, Sanbasou festival doll, Takeda coil-spring
mechanical doll, tea-cut serving doll
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Fig. 7 Tea-cup serving doll made by Benkiti Ohno.
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Fig. 8 Main parts of tea-cup serving doll made by Benkiti Ohono.
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Table 1 Comparison of data of both tea-cup serving dolls made by Hosokawa and Ohno.
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Fig. 14 Sanbasou doll, a mechanical doll
playing a traditional artistic dance
made by Benkiti Ohno.

AKEDOY A XZBIET+2ED T, HEIFHN3Tem
(#9115F243) TH Y, JHE TIEK26em (K8~F) T
b5, WIZZDANBOERE RN OREE % R~
LB BALOH A R & Gi# Lz,

WE AL OT A e rd (KIesRDZ &),
—OH (fFHE) [ XR35184r (11.5em) *, fifiod™,
T (BEIIA2 45 (73em) *, EWEGB2*TH
%o SEMUTERTF3E (22cm), Fi35F145 (9.4cm),
Efi1sH44y (4.4em), TFHRASTSSy X357545 (15em X
11.6cm) (X17, 18K V) TH2D (*ILERAFHED

M15 =BBABOERAELYDEE. HiE
LEERAEZTY (GEEARINE).

Fig. 15 Left-side view of Sanbasou doll.
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Fig. 21

Yarns operating moving of the arems and the head of Sanbasou doll.
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Fig. 29 Festival bells used at Shinto shrines and their linen yarns stained
five colores (left). Five colored yarns in commercial goods (right).
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Fig. 31 Rear side view of Hakama made of traditional Japanese cloth modified with designed wild
grasses and flowers (left). Designs of wild flowers and grasses embroidered on silk cloth (right).
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X 0O
L ¥ O
¥ 24 > 4 E
< x(: c ‘ — 7. T
&\-_ A - ' ~ ’g‘] by ;L% ‘?
(Lfi‘ F i \._~‘.~ Lt T E c y
4 ;! "’; -~ -g ", i N _4,:_‘ RO A BT f—_:
il ] L , L ;
b —"“"'- “\f = I- 1 ‘Z ’é )[ ’}‘/'_::
] T -\; 5 ‘f-t il c ,—E% g VT
2 L sl e LS = 3 | 2
4% 3l Wkl s rmte= =~ f:;; L/;.
o » RF Hr AT .‘: .i ! 1r g ~
R et NS S N 5 4 <

L\

-

M35 +=~-rZAROR@E,
Fig. 35 Map of hand mortar.



VI. & =

ARaTi, 1) KEREONDL L VEEIZONT,
2) KRBT CTOMHEAETWNE Y EITIZONT,
3) ML DA JSERAE ) 2 M) HEEE OEMD &
FE OVELDHHRIZONT, 4) B 0 AJE T=%
BATE ] OALHNT L ERICHONWT, 5) [— R
(ZHH ST R & ALK DWW, < DB
TiRE FICENENERHE R LR EZTLL T
T, INDIIRTHREORELIEWVERODH HH
HTHD,

PIHNH < D 2 FHETIER Lz &L 50k %,
THNOL Y OEREZFI~RD Z & CRIELT-, 7TH
VLTI RS TS T 1X L7228, E ISR -
EMERICERNRERITC, Z 28R fluhe LT,
KK, A8, AR, ILAICERL LV ERE
R LU TWe, REOAEENTZZfF (1801) »
5, @RI - - KRG (1831) ORIE, MTHNG
< VITR - AARREERNC —Eaiz, rHkEzb)
NHLERVIEERZ LT\, ZOFENSRE
KK TYTHEAZ DO D ZEELZEZ 2N
b, REVDRKETHEUZNHL D EZEREROEB X514
RS, FO—0 [EKEOE, BAfA) X5
DHELIREECTH 72", 51T, TS KETN
TR TR OETHEL D NEE RN
ELHEULNTNDZ ERHLNERY (KESRR
AIRAEREE, 1973), RHEOND W EFEO—HHHM
BHEMNE 75Tz,

Br~Anb< 0N TEERANTE] I3 HEHE
DS THEERAE ) IR L < EEE L LY, Zh
A - RSN T, HxNERE L HiGIcHES T
W5 (E, 2014), ZHETIZEHADL @K, 1994 ;
/AR, 1991) 3R E M DASEANTEILE D A T
= ALPFIEFEEDOS E LTREN, L, Wi#E
DO ZFEANCHE T D E RO OEE /o i TR
o TWHENRLN, ZORRKOMERT &
B Thb, MINE Tl (FE) )] LRERUYFA X
DUEDEHTEH > TZDOANFOEHE LT,
FIE2ME O LB LR U A Ao HEfRZ2 M LT,
[~ »HOHE DLH) [TBzx b, Z O
ICRENEERE SN TWD, ZOHEEIIE [0
i (HH) | AT BN, Zha TEH] Ol
Z ILE ZhEEA T, ZORE, 1TRIHE L

TUTOEPNTGINPRELSEI LD LIRS0
Th D,

SHRBAFEFTEARBIEEFES AT DT
HDHN, BUEIL 6 < V&R ITRIF - BRE
NTnWs, ZTOTEKDODANEOEZ 2D L, =%
BANEOEE OHFMIF L, ZDOANED FHROE
HERDE, ZOELARRDHY, ZHDOREE
DEDITEITHLN ENTWD, AEOBE DR E
BB ZZ ORI EROM TS TEICH ST,
& LI ATENE Y — S o SRR A B o TEEJRIC
KT DMMBIEI N TND, £z, —ORORL->
TENE AT LRBMEINTND BB KERAR &
ITEY, ZOBAY R TARE ORI Th -7,

ZOEFEOERIE, ERICE TZ2AB of
Z, FAEIZIEIROREROMA 2, #HI2IXEEHic A
FER TR L 72 BBRURRk O AR Ml S, e
KETH o7, RIEBEFIIFRTIEY, BET
B2t DOTHY, SEMERTRAMNNLTVD,
ZORIEDRFE ORI DN BEH S TW =D
D, BHOHWIHRIHZER STV ZONERHTH
D, ZAKEOMEHIIINE T TR CAE S
TWEitERd 5 (BAR, 1942), ZONEMELR
T-UHERIEZ RIED L DO Th - 72ITiE W,

[—RE ) (TR EFE b Rl STy
7o KRB E UCRAmHE E IR H 5, Z DI
ek Thpfadm) L0 o5 HEFLI LTV U
A1991), ZNIFFRRY TH b, KigiZENALF—/L i (H
fi) EA—A v AN (BFE) THY, ZhbTNE
WSS LRSI CRBUNICEFE SN TV b D TH D,
[AAfaEm ) O JF BT Caltend Khu#E (Calten, 1850)
ThHY, AEOKMBEIILFELWT —Z XL I h
TV, b OHEEE, KRXIFHHEN CKRigD
AR ERET AR SN2 L 2T 6B 2D
D, BRIERICHMEEICRAE ST X & 57 &
DEFELTWZEDOTHD, HAKIZOWTH AR
WCEZbNWD, ZORERFENLE [ H ] 2K
Fl ST RERIE, SRR ClE 72 < RBU AR & 5T
PAERICTh -T2 EZ BN D,

Lk, ARETIEAEONDL L NEEMREEIZS
WTOFE - FROMBRE, FBERFHIZONT
S REFEFT COREEIE MO LED LR E D &
IZias L C&E T, TOMRG N -HERERIT,
REREOEDEPRSTFER VIR, [—HH



BREk) ITEBBREA O SCAINTHER Sz = & 3k
FES T,

2o

L KEFpE, —REEE K L KEFE.

2. FH)IFAERE [&5EBRR, ARBRAIN (LF), K
BRSIE~BILA4E (1837—1847), Fi)l| VAL X EAE.

3. A3ME4AA21R, IR R E— 1, KEBA#M LY.
TR RS IR AR5 S, 8 7 OHEREER ~ER 0 AR LI L
OF. SIRTTREFATE, HFE3, 1TERIR, KREETH
mEZBSMm, 995H, JLEHIARM (1976).

4. KBHRE, MR~ 06 W EESIL, @R
AR T SRR .

5. KEFH##E, MHEE L ~A 016 < 0 2RO RITHFTIE,
L6 A (1859) : &N KREFHT S, JEBUY3, 17K

Bk, REFHT SRR Z B, 995K, LB iR (1976) .

6. HhZ=FEZEE, 34K (1804)), TFEER—4FE &L
T - FIAT © BARBEE R (1975) F)II5LCHE.

7. UEdeA R, ) EEFITS (BR45~KIE2H)
468H.

8. TRBL V&) (FrH), EESH (1758).

9. TAJBMERE) LR, 10H, MREEHIIT HRIVE, UG
444FT).

10. HefR SO TR R ) OEETRITFEREZ =, FAKF M,
27H).

LL MR B (R [Rde ), HBAE (1796).

12. [REpFp 50 ) KRBT RIRERA Y, AR 2 T[4 2
fiF - T HOBHE .

13. FERIEZE [ ER— 456, LRGSR,

14, BB LR DERAEE: R¥e BT =B, sTAEEZBhE,
K - IS EHEIR, PIIR414 (1908).

15. 2BIRE 000, TEVIFR ) RBRAE10H, A
VR ST TR S A RS

SRR LRS54, THEHESEE H) ZBER2412

o A0V YR ST IR S (A i .

17. BV E SEF003, TR/MEIERNE] Z2B4E, )R

ST S T B R

18. SR B899, [ A v ZA/VEIEK, ) BRZER
TR

19. 2RI B899, SEHI8Z L.

20. SEREURE HER990, EIfE R ST = s Bl BV )
LR, )1 VR ST S A A k.

16.

o

21. B RIRE HE996, [EEIFR A ZBRF10H, Al
STJRE S AR
22. SRR HEH 049,

Wt

MEEELB Y o, )1 B SLHE S

XK

Calten, J. N. 1842: Leiddraad bij het Onderrigt in de Zee -
Artillerie. L. C. Vermande, Medemblik. £7 )11 U537 [ E A 8.

BEFE ERR, 1847 : finFudE (BLB4FET]) . @RWSLE
BUFEAR « I SRR R

IEBIE 2005: F0E S LWIEROMR—FITAEX LT
D77 vay., BICEHEH, B, 159p.

JO3ESC, 2014 LB Y &L KECARETL). 7
A=V Ya—ar, LR, 156p.

WREEZEE, 2011 « HpafEE B &, drkiEs~, 58, 94-101.

WRIEDE - AR S, 2014 : KEPAREE s 1
¥ by 2Fite. JekEES, 36, 36-52.

MR, 2014 IVEHE O KIEX —fno —mER(k &tk

ERER. HAVEEATIE, 45, 89-104.

IR, 2015a @ KEpF&HE [—HAGH MK L) o

HEFRRFEHO M MOFE -, B AUHETSE, 46,
9-26.

MIEHTR, 2015 b < H#H #£G. Rombouts, Elektrische Stroomen
ERBAEOBRIGHREGREZ O o T dulEEL, 37,
23-29.

BB, 1957 : BRI IH OIS, BHBEES, &R,
498p.

ANRIEEE, 1991 : REREAT KBRS 5 DISRRY LS & 2 DR
— R OF = — . [E LI s AR A AR TR 3045, 36,
295-331.

EARTRE, 1942 0 REESHIRZEN. HOR (A A HHRR) , 226p.

REEZEEE, 2007 : 725 < D AIKEFFE &2 DR Bl
b &ttt 2y, S5 MR, HOR, 446p.

KIFMIRER, 1938 : kDDA, KERE. PRAH,
240-251.

JKBRVEF, 1998 @ 18R DBIEESC & Z OuiiAn. AR

KA A TR ES, 1973 : ZAA L (Z4l). K
MHEZAS, KET, 30-40.

Rombouts, G., 1857 : Bijdrage tot de Kennis der Verschillende
Elektrische Stroomen. 4R K5} X T [ T X EAR K.
AT LB (1858) DOBIELESCY X 15 OkFH, 1998)

=



(B STV B, PRI SC-, AL &%

AR—FK, 1994 : DD ATE—ERIZE S NIZILA A http://rozashi.web.fc2.com/setumei/setumei.html
T 7 ORE. EE, R, 120p. FRAES D T,
SR, 1969 : vH< 0, D& AROI LS. LB http://item.rakuten.co.jp/miyachu/gs-jts-00-000/

KRR, A, 393p.






H AR S, #5475, 71-84-—°, 2016
JAPAN SEA RESEARCH, vol.47, p.71-84, 2016

G #dih ORI B I 2 BB E 2 < 5iVE
— )RR T R LR X oD 3] —

Booseps - S EEDEY

201548 A 31 H3f}, Received 31 August 2015
20154F12H9H 3B, Accepted 9 December 2015

Problems Related to Shopping Environments in the Center of a Local City
A Case Study of Nagatohe District, Kanazawa City, Ishikawa Prefecture

Hidehiro SHIMA' and Kunimitsu YOSHIDA?"

Abstract

This paper aims to clarify the problems involved in the procurement of perishable goods under
changing commercial structures in the central district of a local city. The subject of analysis is the
shopping behavior of local residents with regards to the purchase of fresh food. In particular, the
analysis will focus on the differences in modes of transportation by shoppers and the items involved (for
example, meat, seafood, vegetables, and fruits). This study area is the Nagatohe district of Kanazawa
City in Ishikawa Prefecture.

As a result, the research found that if the mode of transport when shopping for fresh food is
walking, then most residents are in danger of becoming so-called “shopping refugees” in the Nagatohe
District. This refers to people who are cut off from access to shopping districts due to poor
transportation infrastructure and limited access to shops by groups such as the elderly and people who
live in rural areas. In addition, an added concern is that residents who use other means of transport, for
example a car, bicycle, and community bus, might also face this issue in the future.

Key Words: local urban center/city, motorization, poor transportation, “shopping refugees”, suburbanization
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6 @~z 9i 15 600 | 889 | 889 | 22.2 | 33.3 | 77.8
7 Wiz 46 651 708 ! 58.7 | 87.0 | 13.0 | 47.8 | 43.5
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Studies of the Oldest Colored Picture Scroll of the Tatumi-
An Irrigation Canal Constructed by the Kaga Clan

Eiji ITAGAKI"

Abstract

The oldest colored picture scroll depiction of the Tatumi irrigation canal was recently discovered.
This scroll is estimated to have been made around 1800. The scroll also clearly depicts the Kaga Clan’s
Tutisimizu gunpowder making factory as well as a three-stage stone wall with sluice gates in the Sai
River. The stone wall was constructed soon after the Kanazawa earthquake in 1799. The picture scroll
shows all the configurations of the Tatumi irrigation canal at the beginning of the 19th century.

Key Words: Kanazawa earthquake, three-stage stone wall, Tutisimizu gunpowder making factory,

sluice gates of Sai River
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Problems regarding Awareness and Behavior in terms of Tsunami Disaster
Prevention in Coastal Areas in Ishikawa Prefecture

Kiyomi HAYASHI' and Tatsuto AOKI"

Abstract

In this study, the authors carried out a questionnaire survey of local residents living in coastal areas
in Ishikawa Prefecture. The survey involved a discussion of the problems associated with tsunami
disaster mitigation. The surveyed districts were Misaki District in Suzu City, Ogi and Ushizu Districts in
Noto-cho, and Hashidate District in Kaga City. All of these districts are located along the coast and are
expected to experience serious tsunami damage if a tsunami strikes. This expectation is based on
assessments conducted by prefectural officials.

The results of the questionnaire indicate that the level of readiness for a tsunami disaster by
residents is related to their experiences of disaster evacuation drills. In the case of districts which have
lots of experiences of disaster evacuation drills that are supported by local governments and local
communities, many residents are adequately prepared for a disaster, its after-effects, and the
recommended mitigation measures. Disaster readiness also differed according to age and gender. The
findings also indicated that more needs to be done to support younger people and women.

The four surveyed areas have similar physical features, but each district has different demographic
characteristics. These results show that it is necessary to consider appropriate measures according to
each district’s population and the types of residents’ properties.

Key Words: disaster evacuation drills, disaster mitigation, local residents, tsunami
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Fig. 2 Lectures for disaster mitigation in Misaki District (Oct. 2012).
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Fig. 3 Relationships between community and school on disaster evacuation drills, case
in Misaki Elementally School and Misaki District (Sep. 2012).
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Fig. 7 Disaster evacuation drills in Hashidate District under the snowy condition (Jan. 2013).
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Table 3 Situations of participation for disaster evacuation drills.
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Table 4 Self-confidence for decision and taking refuge in the case of disaster.
(L %)
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Table 5 Understanding for Regional Refugee.
(HAT : %)
— 5 7 e
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