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Observed Turbulence Properties over the Continental

Shelf and Slope off Jogashima, Sagami Bay
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Abstract: In order to clarify the characteristics of turbulence and mixing in Sagami Bay, direct
measurements of turbulence using Turbulence Ocean Microstructure Acquisition Profiler
(TurboMap) were carried out along the ridge west off Jogashima twelve times from June 2007
to October 2010. Turbulence kinetic energy dissipation rate was large near the bottom of shelf
edge. In some case, large value of € was found along a characteristic curve for semidiurnal in-
ternal tide emanated from near-critical bottom slope off Jogashima. Since the rate of loss of
temperature variance xr was in linear relation with € and almost all of mixing efficiency I'r was
smaller than unity, the effect of double diffusion was considered to be small in the bay. Eddy
diffusivity coefficients of density K, estimated by using constant theoretical value of I'=0.2,
were in O (107—107") m’s™". Large values of K,were found near the bottom of continental shelf
and slope. Monthly average values of turbulent parameter, i.e., € and K,, were examined and
show no clear seasonal variation, except high in summer and low in winter. Since the averaged
values of € show good relation with the surface tidal amplitude time squared value of buoyancy
frequency, the internal tides were considered to be one of major energy source of turbulence in

the bay.

Keywords: Turbulence, internal tide, mid-slope mixing, Sagami Bay

1. Introduction

Recently, turbulent measurements are per-
formed in various areas in the ocean for a rea-
son that turbulence plays an important role on
water mass modification. A lot of energy
sources and processes are proposed and studied
for the generation of ocean turbulence, which is
mainly induced by shear instability, wave
breaking and vertical convection motion (eg.
THORPE, 2007). Turbulence associated with
shear instability and wave breaking is fre-
quently observed near the generation area of
internal waves, and strong turbulence could be
found along the ray path of the internal wave
(eg. L1IEN and GREGG, 2001). Vertical convec-
tion motion induced by cooling is also consid-
ered to be an important process for turbulence
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in surface mixed layer (SMYTH et al. 1996).
OAKEY (1988) discussed the water modification
of Meddy, that is, Mediterranean salty water
mass observed in Atlantic Ocean, by terms of
turbulent mixing and double-diffusive convec-
tion. However, the effect and importance of
turbulence on water mass modification in
coastal ocean are more complicated due to the
existence of bottom topography, freshwater
discharged from river and combined effect of
various physical phenomena, such as internal
wave and coastal upwelling. From the points of
the exchange of various materials and fisheries
environment, coastal ocean is an important
area for human beings. Therefore, it is neces-
sary to make detailed turbulent measurements
for clarifying the circulation of various materi-
als in the coastal ocean.

There are many physical processes, which af-
fects water exchange and modification in
Sagami Bay, eg. internal tides, surface water
circulation associated with the Kuroshio,
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coastal upwelling and coastal-trapped waves
induced by wind, and intermediate-intrusion of
the Opyashio water, etc. (IWATA and
MATSUYAMA, 1989; KITADE and MATSUYAMA,
1997, 2000; KITADE et al., 1998; NURJAYA et al.,
1999; SENJYU et al., 1999). These phenomena
have a characteristic of baroclinic motion. Es-
pecially internal tide and coastal trapped wave
are expected to have strong vertical current
shear and contribute possible energy source of
turbulence in Sagami Bay (Fig. 1). Sagami Bay
is a typical deep bay and having narrow conti-
nental shelves. Thus the internal tides are gen-
erated at the northern part of Izu Ridge and
southern part of Boso Peninsula propagated
into the bay and reflected at the coast (KITADE
and MATSUYAMA, 1997). From theoretical
analysis by using narrow continental shelf
model, KAWAMURA and KITADE (2007) indi-
cated that the internal tides with higher verti-
cal mode are regenerated by the reflection and/
or scattering of the lowest-mode internal tide
at the coast and shelf edge. By using a three-
dimensional level model, KAWAMURA et al.
(2005) reported that a beamlike structure of in-
ternal wave, which consists of higher-modes of
internal waves, is induced at the shelf edge by
a scattering of the first-mode internal Kelvin
wave. Such a regeneration process of the
higher-mode internal wave might be important
for the generation of turbulence and mixing.
Since the strong horizontal currents associated
with internal tide has been frequently observed
near the shelf edge off Jogashima, the east of
Sagami Bay (eg. KITADE et al. 1993), there is a
possibility that the scattering of internal tide is
induced at the shelf edge. The scattering proc-
ess of internal tide is considered to cause
strong vertical shear of horizontal current.

To clarify the characteristics of turbulence
and mixing in Sagami Bay, microstructure
measurements were carried out twelve times
over the continental shelf and slope off
Jogashima from summer of 2007 until autumn
of 2010. In this study, we try to present the tur-
bulence properties and its seasonal variability
and try to clarify the effects of internal wave
scattering on turbulent mixing over the conti-
nental shelf and slope.

Table 1. Number of cast at each microstructure mea-
surement station off Jogashima during
summer of 2007 to autumn of 2010

Station
TL T2 T3 T4 T5 T6

Year Date

2007 June 17 1 2 2 3 3 3
July 9 2 3 3 3 3 2
2008 May 24 1 1 1 1 1 1
June 14 1 2 2 3 2 2
July 6 2 2 2 2 2 2
September 1 1 2 3 3 3 2
2009 December 2* 1 3 3 3 3 3
2010 January 197 2 2 2 2 2 2
July 15 1 1 1 1 1 1
August 28 1 1 1 1 1 1
September 13 1 1 1 1 1 1
October 15” 2 2 2 2 2 2

* accompanied with CTD measurements

2. Observation and Data

Repeated direct measurements of microstruc-
ture were conducted by the TR/V Seiyo Maru
(Tokyo University of Marine Science and Tech-
nology) off Jogashima, Sagami Bay, from
summer 2007 to autumn 2010. During this pe-
riod, the microstructure observations were car-
ried out twelve times using Turbulence Ocean
Microstructure Acquisition Profiler
(TurboMAP, by JFE Advantech). Table 1 pre-
sents the date and number of cast at each sta-
tion. To confirm the temperature and salinity
data obtained by the TurboMAP, hydrographic
observations using Integrated CTD (ICTD;
Falmouth Scientific, Inc.) were occasionally
performed at the same stations (Table 1). Al-
though our observations were not conducted
sequentially in one year, but they covered all
season. Most of observations were carried out
from early summer to autumn, the seasons
when signals of internal tide are expected to be
predominant from previous studies. The obser-
vation stations are located along a small ridge
across the shelf, on 139°29'—139°34'E at 35°
08'N, off Jogashima, Sagami Bay (Fig. 1). The
length of cross-shelf transect is about 8 km
which consists of six stations (T1 to T6). The
distances between stations are about 1 or 1.5
minute in longitude. Measurements in one sec-
tion take about 3 hours, with two or three casts
at each station. All survey spanned in different
surface tide condition. But in June 2007, we
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Fig. 1. The observation section (station T1-T6) off Jogashima (inset: shows the location of Sagami Bay).

Bathymetric contour derived from JTOPO-30.

were conducted the observation in both flood
and ebb tides. The tide condition was obtained
from  Aburatsubo Tidal Station, near
Jogashima.

TurboMAP is a free-falling instrument and

its falling speed was adjusted to 0.65 m s~'. The
instrument can obtain data of the rate of
change of velocity, low-resolution temperature
data, conductivity, pressure, three dimensional
acceleration and high-resolution temperature
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data from sea surface to bottom (up to 500 m
depth if the water depth is deeper than 500 m).
The low-resolution data was obtained by plati-
num wire thermometer, whereas the high-
resolution temperature was obtained by FP07
thermistor. The instantaneous shear du'/dz
and temperature gradient d7'/dz were ex-
tracted from raw observed shear and tempera-
ture gradients data with a high-pass Butter-
worth filter. The pressure data were filtered
with a low-pass Butterworth filter. Turbulence
kinetic energy dissipation rate & was estimated
in dm interval from the variance of vertical
shear by the following equation

=5, [2y

where v is the kinematic viscosity (v =1.27 X
10°m*s™"). Variances of shear were estimated
by integrating power spectrum of vertical
shear.

In handling of temperature and salinity data
obtained by the TurboMAP, we synchronized
the response speed of conductivity sensor to
that of temperature sensor as well as possible,
and then applied a 1-m running mean to the sa-
linity data. After handling the subsequent data
processing, we processed the data in 1-m incre-
ments. In the case of trouble of conductivity
data obtained by the TurboMAP, such as in Oc-
tober 2010, salinity data obtained by ICTD
were used in the following data analysis.

3. Distribution and variation of temperature

field

Before describing the distribution of turbu-
lence and its property, it is worthwhile to in-
spect the distribution and seasonal variation of
temperature field in Sagami Bay. Figure 2
shows the distribution of temperature obtained
at each observation. Observations were carried
out along a small ridge with steep bottom
slope. The shape of ridge which indicated in the
figure is of the shallowest region of the ridge.
Since observation were carried out along the
ridge extending from the continental shelf with
steep bottom slope, water depth of the observa-
tion station is occasionally somewhat different
from the shallowest part of the ridge. We can
see the seasonal variations of temperature

field, that is, the seasonal thermocline began to
develop from early summer and its depth in-
creased in autumn, and the surface mixed layer
deepen in winter. Main thermocline exists at
the depth of about 300m in Sagami Bay. In
some cases the thermocline shows slightly
down to the right, indicating northward cur-
rent associated with anti-clockwise circulation
that is frequently observed in Sagami Bay
(IwaTA and MATSUYAMA, 1989). The tilt of
thermocline is especially large in July 2010, in-
dicating warm water intrusion. The process of
warm water intrusion will be discussed later.
Wave-like variations with small horizontal
scale, about 3km, are also found in the tem-
perature distribution in upper layer. The dis-
tribution of phase and amplitude of the small
scale waves implies the contribution of higher
mode internal waves.

4. Characteristics of turbulence and mixing
4.1. Distribution of turbulent energy dissipa-
tion rate

Figure 3 shows the turbulence energy dissi-
pation rate e, which is estimated in dm inter-
val from the shear data obtained by the
TurboMAP. The averaged values of e were in-
dicated in the figure where the vertical profiles
of shear were obtained more than once. The ray
paths of M, internal tide originating from near
critical bottom slope, along which strong cur-
rent shear is expected to be generated, were
drawn in the figure. The ray slope, ¢, is given
by &= (w*—f) / (N—w?), where w is the
M tidal frequency (1.4x10~*s™), fis the iner-
tial frequency (8.5X107°s™"), and N is the local
buoyancy frequency (N° = (—g/p) (0 0/02),
where g 1s the gravitational acceleration and
o is the water density) (e.g. PRINSENBERG
et al., 1974). The internal tide is generated in
where the bottom slope matches the slope of
ray path for the internal tide. The two slopes
match at the shelf edge, around 105—110m
depth, and on the continental shelf, at 86—88m
depth, suggesting that both sites are favorable
for generating M. internal tides with strong
vertical shear. Near critical bottom slope, that
is, c=dh/dx (where h is the water depth) ex-
isted on the continental shelf and shelf break
from spring to fall, but only on the shelf break
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Fig. 3. Distribution of turbulence kinetic energy dissipation rate e off Jogashima during summer of 2007 to
autumn of 2010. White contour lines denote constant potential density ¢, at interval 0.1 kg m~. Right lower
panels: tidal condition at Aburatsubo during observation
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in winter. There are some active turbulence
layers over the continental shelf and slope off
Jogashima. The strong turbulence layer, ¢ =
1077—10" W kg™, appeared in the shelf edge
around 100-m depth and near the bottom of
continental shelf. The other is some of turbu-
lence patches (& =107°—10"" Wkg™') which
showed in a beam-like structure away from the
shelf edge to offshore. Distribution of the
beam-like structure agrees with ray path of M.
internal tide in June and July of 2007, June and
September of 2008. These results imply that the
scattering of semidiurnal internal tide energy
near the shelf and shelf break is one of the ma-
jor processes on the generation of turbulence.

In interior of water column, most of &
shows typical value in open ocean, 107"—10~" W
kg™, but we have also observed some sporadic
patches of strong turbulence (& >10"*W kg ™).
The patchy turbulence is located at different
depth in different month. Some of most intense
turbulence layer (& >10°W kg™') also oc-
curred occasionally in 255-440 m depth over the
continental slope in June and July of 2007, July
and September of 2008, August of 2010. These
strong turbulence layers were 100—150 m away
from bottom and become stronger in summer.
Furthermore, in July of 2010, the value of ¢
was relatively large in 150-300 m depth of all
stations. From the distribution property of €,
these two cases are expected to be caused by
other process and/or energy source rather
than induced by the scattering of semidiurnal
internal tide.

4.2. Relation of ¢ and xr

The rate of dissipation of thermal variance
xr can be estimated from the data of FPO7 on
TurboMAP and is expected to be large at large
€ region in stably stratified ocean. This pa-
rameter is determined from,

(]

©))

where kris molecular conductivity of heat (k=
1.39 X107 m* s7'). The 0 7"/ 0 z is obtained
from instantaneous temperature gradient. In
our observation, the falling speed (~0.65 m/s)
of TurboMap was slightly faster than that
suitable falling speed for measurement of FPO7
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loglOe (W kgt)

-10

log10 ¥ (C2m)

Fig. 4. Scatter plots of turbulence kinetic energy dis-
sipation rate & and rate of loss of temperature
variance xr off Jogashima during summer of
2007 to autumn of 2010.

(GREGG,1999), so as the FPO7 data would cause
underestimated yr value. Therefore, we did not
describe the structure of y, in detail. The FPO7
data were only used to examine the contribu-
tion of double diffusion in Sagami Bay. As dis-
cussed by OAKEY, 1988 and INOUE et al. (2007),
the contribution of double diffusion is expected
to appear in the relation of y, and e, and
through the value of mixing efficiency, I'r.
When we assume K, =K,=Ks (where K,, Kr
and Ksare the diffusivity coefficient of density,
temperature and salinity, respectively), the
value of I'r can be estimated by

XNV ’
00 \?
2£< oz >
The value of mixing efficiency has been esti-
mated to 0.25-0.33 in the stably stratified ocean
(OAKEY, 1988; MouM, 1996). On the contrary,
the value has been known larger than unity in
the case of active double diffusive convection,
larger than 1 (OAKEY, 1988; INOUE et al., 2007).
Figure 4 shows the relation of & and xr for
all observed data. The relationship of € and xr
is almost linear, implying that the effect of
double diffusive convection was not significant.
Figure 5 shows the frequency distribution of
I'r for all 5-m grid data by using equation (3).
In temporal variation, the I'; values varied
from 0.02 to 0.25, having relatively small values
in summer and large values in winter. A few of

3
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Fig. 5. Histogram of logarithm of mixing efficiency
I'r of all observed data off Jogashima during
summer of 2007 to Autumn of 2010.

large values of I'r appeared in weak stratifica-
tion layer of wintertime. When averaging all
observed values of I'y, we obtained 0.1. The av-
erage value of our observation was less than 0.2
as suggested by OsBoRN (1980) literally. How-
ever, the reason for the smaller value of 'y may
arise from our observation method as discussed
in GREGG (1999). Namely, the falling speed was
somewhat faster than that suitable falling
speed, which might with the result in our un-
derestimation of yr. Even if we assume that our
value was the half of real value of I'y, thereis a
few occurrence frequencies with I'7>0.5. Con-
sequently, we may say that the effect of double
diffusive convection was not significant in the
Sagami Bay.

4.3. Distribution of eddy diffusivity of den-
sity
Other turbulence parameter, the diapycnal
eddy diffusivity was estimated to quantify the
strength of turbulent mixing. The diapycnal
eddy diffusivity K, is computed from g, I'r and
buoyancy frequency by

13

K,= FTW @)

(OsBORN, 1980). In the present study, I'»=0.2
was used because our FPOT data might be un-
derestimated, besides the I'y=0.2 is tradition-
ally used in many papers so that convenient in
comparing them. Figure 6 shows the vertical
section of K, over the continental shelf and
slope. Relatively large turbulent diffusivity, K,
> 107" m’ ', is found near the shelf region in
summertime and September 2008. On the other
hand, a relatively large turbulent diffusivity is
found in the upper layer up to 100 m in winter
January. The K, on the shelf edge was in O
(10*—10"") m’s', mostly one order higher
than that on the continental slope O (10—
10™) m’s™". The mid-slope mixing signal shows
a high K, of order (107%) m’s™" in July 2008.
Even it was weaker in September 2008, K, still
in high values (O (107107 m’™"). No beam-
like structure of K, as seen on & . The regions
of large value of K, are found near the bottom
in many cases. It is interesting that K, is large
below 300 m depth and reaches 10~ m”s .

4.4. Seasonal Variability of Turbulence

In the present study turbulence parameters
were obtained in all season, while observations
were not made in every month. In this subsec-
tion, we examined the seasonal variations of
e, xrand K, (Fig. 7). Monthly averaged val-
ues are indicated in the figure. In order to get
the common features of variability of turbu-
lence properties, we averaged all depth, above
permanent thermocline layer (10-300m), below
permanent thermocline layer (more than 300m
up to the deepest observation depth) and mid-
slope mixing signal found at 255—440m depth
of station T3 and T4. Both of ¢ and K, are the
largest in July and smallest in January as a
whole. We can see that the e in Sagami Bay
has high level (>10~* Wkg™) throughout the
year except in January. Seasonal variation of
K, is also not clear and monthly average values
are greater than 107 m’s™. The active layer in
slope region has the highest averaged- ¢ and
K, compared with others and strong turbu-
lence occurs throughout the year. Besides of
the internal tides that significantly observed in
summertime in Sagami Bay, mid-slope mixing
may also contributes to the mixing process of
the shelf edge region.
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Table 2. Tidal amplitude and buoyancy frequency during June of 2007 to October of 2010
Month May June July August September October ~ December January
Year 2008 2007 2008 2007 2008 2010 2010 2008 2010 2010 2009 2010
Tidal amp. (m) 0.616 0.795 0.435 0.448 0.704 0.767 0519 0.652 0.633 0.399 0.813 0.626
N throughout 6.82E-05  6.83E-05 6.11E-05 8.67E-05 8.12E-05  7.74E-05  8.70E-05 1.18E-04 7.95E-05 7.70E-05 5.81E-05  2.63E-05
water column (s)
@ ®)| s (© B
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Fig. 8. Scatter plots of averaged turbulence kinetic energy dissipation rate & against Tidal amplitude (a), N*
(b) Tidal Amplitude x N* (¢) in upper 300 m layer off Jogashima during summer of 2007 to autumn of

2010.

Consequently, we may say that the turbu-
lence parameters in Sagami Bay depend on
oceanographical condition of observational pe-
riod rather than seasonal variation. To investi-
gate the cause of variation of turbulence
properties, we have examined the physical
background which potentially contributes to
observed variability in the following section.

5. Discussion

Semidiurnal internal tide in Sagami Bay is
frequently observed in summer and its genera-
tion area has been considered at the northern
part of Izu Ridge and the shallow region off
southwest of Boso peninsula (KITADE and
MATSUYAMA, 1997). The internal tides are ex-
pected to reflect and scatter at the continental
shelf off Jogashima at the mouth of Sagami
Bay. From the microstructure measurement
along the small ridge off Jogashima in Sagami
Bay, a beam-like structure of active turbulence
patch was found to be following the ray path of
M. internal tides which is originating from
continental shelf. Thus, the beam-like struc-
tures of the active turbulence patch were con-
sidered to be regenerated by the scattering of
internal tide at the shelf edge off Jogashima.

These results imply that an internal tide is one
of the major energy sources of turbulence in
Sagami Bay. However, energy dissipation rate
e was not so large in August, while the sea-
sonal thermocline was strengthened and the in-
ternal tidal energy was expected to be large in
summer. The reason of the low & observed in
August may relate to tide age, that is, spring
and neap tidal cycle. Therefore, in this sub sec-
tion, relationship between & and effects of in-
ternal tide were tried to be examined.
Unfortunately, no current data are available
during the microstructure survey, in which in-
ternal tide property can be obtained. Therefore,
the sea level data and stratification condition
were analyzed and compared with the strength
of turbulence.

Table 2 presents tidal amplitude estimated
from sea level difference in one day including
the observation period. The tidal amplitude
ranges was vary from 0.40 to 0.81 m while the
observation has been conducting. Figure 8 (a)
and (b) show relation between amplitude of sea
surface displacement and &, and buoyancy fre-
quency and & in the permanent thermocline
layer (10 to 300m depth), respectively. How-
ever, the tidal amplitude might not enough to
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Fig. 9. Time variations of temperature obtained at monitoring station off Odawara in July 2010. Water depth
of the monitoring station is 66m. The date started at 0:00.

explain the variation of turbulence. There is a
linear relation between buoyancy frequency
and €, and correlation coefficient is about 0.58.
Forcing from surface tide to internal tide is ex-
pressed by the forcing term F as follows (e.g.
BAINES, 1982),

e QN* zh'(zx)
w h
where w is the frequency of forcing, A and A’
are the water depth and its horizontal gradient,
and @ is mass flux by surface tidal current and
expressed by @=uh (where u is the amplitude
of barotropic tidal current over the topogra-
phy), respectively. Generation area of internal
tides in Sagami Bay is the northern part of Izu
Ridge and the shallow region off southwest of
Boso peninsula. We cannot easily separate the
contribution of each generation area. However
we can expect that the forcing term (5) affects
on generation of internal tides in the same way
at each generation site every time. Further-
more, barotropic tidal current is considered to
be proportional to sea surface elevation. Thus
we can expect that the amplitudes of internal
tides, Aiema, is proportional to the value of N
times amplitude of sea surface displacement,
Aurtace, as follows,

Abntema < N QOC]VZ A surtace (6)

nwt 5)

Hereinafter we call N*Aue. index of forcing.

We found an increasing of correlation coeffi-
cient of linear regression & with the index of
forcing (Fig. 8 (¢)). Correlation coefficient of
0.67 is higher than the 5% significant level.
These results indicate that internal tides are
one of the major energy sources of turbulence
in Sagami Bay.

However, & obtained in July 2010 was one
order in magnitude larger than that obtained
in the other periods. The reason of such an ex-
tremely active turbulence is considered to be as-
sociated with strengthen of anti-clockwise
circulation in Sagami Bay, because the density
surface in main pycnocline tilted in the active
turbulence layer. Variations of surface circula-
tion in the bay have been studied by IWATA and
MATSUYAMA (1988) who explained that it re-
lated to the variation of the Kuroshio. The in-
trusion of Kuroshio water into the Sagami bay
in July 2010 can be seen through the tempera-
ture time series data obtained off Odawara
(Fig.9). The warm water started came into the
bay two days before the microstructure obser-
vation time (indicated by arrow in Fig.9), spe-
cifically in deeper depth (60 m depth). The
warming took place in long term and fluctu-
ated with large tidal amplitude. Thus, both ef-
fects of current shear associated with the warm
water intrusion and amplified tidal fluctuation
are expected to be important for the strong
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Fig. 10. Distribution of kinetic energy dissipation & in ebb tide (a) and flood tide (b) of July 2007. Lower
panels : tidal condition at Aburatsubo during observation.

turbulence in July 2010. However, it is difficult
to separate each effect and discuss each process
in detail by the present our data set.

Finally, we should pay attention to the active
turbulence layer which found at deep part near
the slope region, that is, the intense turbulence
layer (& >10°W kg™") occurred at the depth
from 255 m to 440 m over the continental slope
in June and July of 2007, July and September
of 2008, and August of 2010. Since the
barotropic tidal current in Sagami Bay is very
weak, it is difficult to explain that the mid
depth strong turbulence is directly caused by
the barotropic tidal current. One possible
mechanism is the internal hydraulic jump

induced by internal tidal current. LIEN and
GREGG (2001) showed the strong mid-depth
mixing layer induced by internal hydraulics as
a result of along shore currents flowing across
the fan ridge. In internal hydraulic turbulence,
the strong turbulence path shifted to both sides
of obstacle during different surface tide. To
confirm the structure of intense turbulence
layer in detail, we present two sections of & in
July 2007 as shown in Fig. 10, which have been
discussed before in the averaged fields in Fig. 3.
In July 2007, we conducted 2.25 hours observa-
tion in rising tide and 2 hour later, continued
to 2.25 hours observation in falling tide. We
found the active layer occurred only when the
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surface tide was rising (Fig.10 (b)). From com-
parison of Fig.10 (a) and (b), we can see that
the mid-slope mixing signal is accompanied by
elevated isopycnal surface of o, 26.6 —26.8. The
variation of the isopycnal surface reaches 15 m
in vertical within about four hours. These re-
sults led us to suggest the possibility of turbu-
lence controlled by the internal hydraulic
caused by internal tidal current at the small
ridge off Jogashima in Sagami Bay. However,
to clarify the mechanism of active turbulence
layer which has been found in the mid depth, it
is necessary to carry out detailed observation
along the shelf including deployment of cur-
rent meter mooring.

6. Summary

Direct measurements of turbulence using
TurboMap were carried out along the ridge
west off Jogashima in Sagami Bay twelve
times from June 2007 to October 2010. Turbu-
lence kinetic energy dissipation rate & was
large near the bottom of shelf edge. In some
case, large value of & was found along a char-
acteristic curve for semidiurnal internal tide
emanated from near-critical bottom slope off
Jogashima. These results imply that the scat-
tering of semidiurnal internal tide energy near
the shelf and shelf break is one of the major
processes on the generation of turbulence.

The effect of double diffusion was considered
to be small on mixing process in the bay. It is
inferred from linear relationship between the
rate of loss of temperature variance xr with €
and almost all of mixing efficiency I'r was
smaller than unity. The distribution of K, is
different from e, where large values of K, was
found mostly near the bottom of continental
slope and no large K, along the characteristic
curve for semidiurnal internal tide.

No clear seasonal variation in monthly aver-
age values of turbulent parameter ¢ and K,,
except high in summer and low in winter. The
averaged values of € show good linear relation
with the surface tidal amplitude time square of
buoyancy frequency. Therefore, we considered
internal tides as one of the major energy source
of turbulence in Sagami bay.

The effect of warm water intrusion on turbu-
lence mixing is shown in July 2010, where the

large value of & was found in thermocline
layer of all stations. From present observation,
the possibility of internal hydraulic jump was
appeared. We have found shifted strong turbu-
lence signal in middepth associated with tidal
fluctuation which accompanied by elevated
isopycnal surface of ¢, 26.6—26.8. However, it
is difficult to describe the detail of mechanism
because of the snap short observation. It is nec-
essary to performs detailed observation along
the shelf and deploys mooring observation.
Therefore, together with other strong turbu-
lence layer which is found in July 2010, will be
our future study.
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Collection of ecological data from coral reef habitat mapping of Sekisei Lagoon

using satellite imagery

Shuhei SAWAYAMA® and Teruhisa KOMATSU**

Abstract : Coral reef habitats worldwide are now seriously endangered due to various human
or natural impacts. In order to monitor and conserve these habitats, it is essential for scientists
and managers to collect their distribution efficiently, which is expected to be achieved by habi-
tat mapping derived from satellite imagery. The ALOS AVNIR-2 imagery of Sekisei Lagoon
(in Okinawa, Japan) obtained on 31 May, 2009 was analyzed to collect ecological data experi-
mentally. Groundtruth data were obtained in Feb, 2011 around Sekisei Lagoon by the survey
on ship using a towed video camera. From radiance values of the image, Depth-Invariant indi-
ces (DI-indices) were calculated to remove the water column attenuation effects and applied
for classification as well as radiance values. In the classification of DI-indices, class number
was changed from 4 to 3 to assess the capacity of the classification detail. As a result, the clas-
sification accuracy of the mapping by DI-index was significantly higher than that by radiance
values (p<0.01). Similarly, mapping with 3 classes was resulted in higher accuracy than that
with 4 classes. Tau—coefficient of the resulting map by DI-index with 3 classes reached 0.72,
which supported the thesis that DI-index would be effectively applied for coral reef. Ecological
data which could be extracted from resulting maps such as the status and distribution of living
coral or information about pach reefs were argued. It is suggested that the potential of satellite
remote sensing added to conventional methods contributes monitoring and conserving coral

reef habitats effectively.

Keywords: Coral reef, Habitat mapping, Remote sensing, ALOS AVNIR-2
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1. B%

F U IR ERRO T T HRFICEVENS
EEFET I EMASh, ABITHLTEZ L ol
PHEERY—EREZRMTIHERE L THIEFIC
EHETH 5 (MOBERG and FOLKE, 1999), U »
LD o, IAERICY o TR RE %
IR Z L OISR E SN, 20084F D W 5Tl it
RoY v IHED 19%Meaic B U, 15% 0 20
FEUNIZRDbN B ERICHE L TO 5 Ltk anT
W5 (WILKINSON, 2008), < DK O —& L
TH£Z o650, ¥ THEEAITE T 5 A&
B ABIZ TR U e & &bk S BrBE A O s
LHTH 2, BRI, RO EREL, 2
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o OREOR . KIEE O mZEES), G
12k BEBROETELL & He s ARS8
IZ& - TH v THEOWE N & 7o I BRI 73 g s
FlERR I I T3 (SZMANT, 2002; OMIJA,
2004; PET-SOEDE and ERDMAN, 1998), =7z,
HIBRIR BRI & % /KR O B T A LS sy
MUz &, A=k FTFORERAEIZL S AER
EbY L OMAERRRNER UK TH S 2 &N
REEN TS (HUGHES et al., 2003; LOUREY
et al., 2000),

B dMEEIES &9 BIREER R O BREEE L O
BRI DLW TIELCHR L, #ENICRFEL T ]
e, RN FEOLEENEGE > T 3
(JACKSON et al. 2001; MUMBY and STENECK,
2008), AREFHIEHM A IEMEN DRIRAICINE L
729 2 TRV HEERER (MPA) A FRE L.
MR E= 5 ) V72T T 2 ENEEN
%o IMFAERERITE T 5l L 12 i B ER BT R A O
FiE & LTI SCUBA #/KkEH W 1 Vil
RIKFAAZICKBIERBENH BN, ThoD
FHERB I RERMEE= Y VIR o, R
PomERESL<y EV 79T 3ICRBBEEIHML, X
D ILFEPA O HERER D BB A B = R ic e =5 )
VI Ay, HEREyE VIV E— MR
VYT OERBIBHEN S LD ITH 5T, £D
bIATHEEGEH 2V E— VY V7R
JEH LKA A N—TE B2, PFE< v E
VT BT B ZEDHMEERITET 572012 LD
WFIEsiThb N T 7 (LYZENGA, 1981; GREEN et
al. 1996; MUMBY et al., 1998; SAGAWA et al.,
2008),

AL 19700 A 0 & AR HITEREL Y
E—bervy VTN BE LS ITED, LK
BALHEREO® VH—OHRISIIE (ZERfRSE
FEom b, BIROILK, Ny NN &)
ICE->THIF L0l A2 RS 7, L LA S,
LR O < v BV 728 0TI RIS & 13RS
D2 OHEMNBENEIET 2, TNo6DH b
RORNEBHEDO—21F, KEOREIZLS)EYE
DESFTH 5,

— I HREEGEE Wy BV 7 TR, E
oK 72N OWTEHESNIZEED N KD
BT A 5B E 208 5, L LIRS,
JeI3KEEZ 9 & S ITHRBBIEIICIRE L T ]
728 (LYZENGA, 1978), JKEMR L TH->ThH
IKIED T & » TH SN B AL & <
Bizs, WEAELLS ST 572010, RO
TORBANOEL 2 Enngicisd LITF. Z
D & 5 IHHIE 2 KA B A e S ESS) B, Th
B BRI L0 Y7 IVITE T A KIEDTE

WMAEMNETREL 1 5, Wil E O TRED
EHAUNS WIREBREICE W T, KIEDERIZ
HIRGIIG2 2 EMNTEX 3 (SAGAWA et al.,
2008), Zhixt L.y ¥ v IHEDHIEIZIERICZ
fLic BT ion, ILHHOKESREEL LB C
EWFIEEICNEETH B (MUMBY et al., 1998),
Z DB TFBE LT, Lyzenca (1981) 362
RS BRE D> © KA HC B 1E D 72 8 D 72 75 BefiL
HEfRE LI, COFETE, Mg EoKEs &
VD 2 FERID /N 2 R DR EE A % 2 12 Depth-
invariant index (LI'F. DIfg¥0 #HH L. /K
BN E 2 2 &2 RS RHIEEITS 2 &
MHEETH b, DIEHAEH O CRERE< v E
V7RG, EHEO RSO L TR
WTHEL TCORMEREIr D SN TS (eg.,
MUMBY et al., 1998), KFEIH4T R A IED Tk
MEiShicZ &T, RV E—MEV Y U TITK
BENRNISHFIRERE < v B ¥ 7 ORHEEDY] 0 B
PNt FZ 5,
WEOHEVE— bRV YUV T ARG T
kD < v E v 7IZBT 2098 Tld. 275 5 fifHT
FiEO R OREE O Hlgss &, FH300 220k AR
Mote, LM LENS, ARSI EZHNE
TE5<y EVIERom Eozniz, VE— ML
vy 7 S BUKIIZ ED K 5 I EREEI A
BonshENI MGIERICHETH 5, AWt
TlE, AR M KA B Sl A O 7
B LERAVIOWEA, 87 5 ABMBERL 584578
E. BBOXMTTCORBSHICLISEE< v E
VI DORERAERFIT S EE LT, ThiTkD,
B IO E— b VY U TICE S TOM
LERYGSERIGONEZ D, VE—F BV Y
V7Y Y THEERRR ORISR EITFEL D
BMITONWTHHSMZT A EAHE LT,
AP TEHFATE LT, BABHO LK Y
VO E LTS B AN O —ETH 21T
BEEROmEERBIR UL, £, [FUb
(ALOS) | RO NVF AR vShke v H, &
PERE AT AR ST EE 2 B (AVNIR-2) O ifg
ZRRTIC A W T,

2. BRI EAE
2. 1. AEH

APEHERIE R A E IR O A E S LR
ORI H PR 25km. AL % 20km 1238 - TILAS
bHARAKDY v I TH 2 (Fig. la), &
72 HATRME— D KRB B EIE TH D, 1972
FIC RS REN AR O NEICIREE S . B
TR EBEEO v EE Y, RdbEo 7 + R
VIF. BBROF v v 7T BB ILEO < A
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Fig. 1. a) Original AVNIR-2 image of the Sekisei

Lagoon and surrounding islands. Green and
red dotline encircles the area of Sekisei La-
goon. Blue rectangle indicates the location of
research site (Fig. 1b).
b) Map showing the research site. Blue rec-
tangles with white numbers 1, 2, 3 and 4 cor-
respond to the locations of Fig. 6a
(Takidonguchi), Fig. 6b (Shimobishi), Fig. 5
and Fig. 7, respectively. Orange color dots in-
dicate the location of ground truth survey
points at intervals of 5 sec.

E Y OAX WA EMIX (Bl e A E LX)
L L THRE SN (SHIMOIKE, 2004), FEBINIC
BaPiExsad 363/ b Dy » antERd 5
ZEnmsn (FF « VERON, 1995). [FED 2k
PhosE . wAOHEESOREN T TH D, H
VORI E UCEET, HRENE W] &
hoﬂm@bF EARICE D [HAROEEREH 500

IHHEEFIN TS, RHIKTIE SCUBA 71 &
y7©75x£—bﬂ£@vuyuyv—ﬁﬁh

Th o, NHEEMRMAHA BIC X 2 S
FHiTbh T3 (SHIMOIKE, 2004),

AV O &R > I8 (LIT, o a&mg
A0 1910 LI A =& b T (Acanthaster
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(SHIMOIKE, 2004). #TAEHA =& b 750
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Bid, 20100, F 7. AVEHEBINEB AN E E O
IRAZ M SRR 18 12 ASHI M D 72 b 2RI HEKIR
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B4 (Im~BLZ 20m)., HEEELEICE
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PNV R EBBR SN D ID, EHNEE=SY
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(ZEFRIfR 5 10m) (&, mIH < JERAA DN v REL
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FoN v RO G B ER A MU, AvE
T D5 s D D A AP U TR L7z
(Fig. 1b)s
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vy rZEROCRERE<y EVITBITA M
FET, FEHEAR TH O EEREIE AR T, GT
DIREMIM &I I B L -0 I TF—o 9
SEOREABELT 3 BOBHT—4 & LTHOL
L5,
20114E2H5HETHD 2 HRIZHEY . AVETHE
WO s BELfE I B TKh A 5 — T4 7
A5 (FM—4100, ¥ 2 —« 744 #HOZEY
B AT 720 H A S ZEEE BBl 7
LV—LTHA, 1A SHOESSr— 7 IVIEHENL
no—7ERQEETHM U, F— M oA
ASEBOTF, BLZ 23/ v bO#EE THH
U HENICEEOREEIT 7o W ATERD
T 2FEEIE, KEPHIZIZISE L TE XZ 0.5m
Mo S miEEE TS, AL A T,
r—TNEDRMEa Y bu—F 5T BRI &
&, VY XONEK S N cEkiKZ BT« KE
FICEEE BB 2 EMTE B, ., HATOM
BEa o ho—30F 4 AT VALY TIVI A L
THLH SN 3, AVNIR-2 & > 3 O ZE [ fiffG J5
AEET 5 &L WHEIS IR D LI O B TR A 15
BAEMNHB, ZDIH. L ADHMEET &
D & PPRETHMORD FAEMY LS5, Hgdic
Wl RSN OWHITHIE Lic, AAShoa v b

O—S5 %ML TEONLESEAVETFTT Y
FIVETAHAFIZAT L, miniDVA Ly b
=TI AR LT,

BRI AAT S M T REAS R 0 IRE /KO Z AL
WWEG I ENEFE L, HIToFRA & Bl 15
EORBOFREBEE SN, B & FRIT/NE
GPS ##% (m-241, HOLUX#:. ¥5/3.0m CEP)
& - THEBOREH S R - B A2kl
720 GPSIT & Diatsk s N EEORE S 0N
EIB#MAZFig. IbhiZmR Ui, £/, B0
R — MBS N7 IEEES D ER b S g O 4%
AT B 1 B IKIED B A L7,

GO K LN B TR S BB 2B v
I (o), FEH v I (do)s 1 (sd) BEHR L D b
(sdrb). #HEY (sg) HED T 5 ZITHHL
08k U7 BH7 5 2 DKW AL %E & g rh o 4]
% Table LIRS, Weff & GPS Ol fkREfH % |
B35 ET, GPS DRSS E—H T 5 E
72 IVDJEE % GTD & LTHk, £D0BE. GPS
D% AVNIR-2 BB o LicHEi, mfo
72V OHMEEEZ@EE LTS GPSDED A
ABRA U, 120 1 D07 vV E4Ad@fdic
—HRICH UEENESR SN T 384504 GTD
ELTHRA U, A ATHMEL I EL TIEE A
BECE LTS - 7o 8, IRE ST & THIBIT
EM ot GPS BB o MITREEZA LT TH
HEIBERT =5 &L TAE E M LR L,

FiokHiciEosnic GTD @5 B 350 A b
V==V 7 F—=45 & LT, DD 42 Sh55 ik
FERHMiiozET—5 LTz hEhHvohic,
72, GTD @2 B (sd) 1T 2 W TR SRR
D7 — & MIEHR BB HIZ S v shi,
B, BEES (sg) 1ML TRMETRES
NS AL REREERIC LD 2 1HE D
EWIThIn I EnTPianicicn, GTD &L
THWE D - T2,

HRTE AR S 7z 200948 5 HA o GTD %
Wig U7z 201145 2 Ho iz, £ BHTIZH -
7z &S BRI X Y v THED KRBUSHEEE A
BIMEBRRREINTORE L, /722055
HoMIZH v T OAEAFIRBICK & B THZALNH
LERELONGL, IhoXkh, AUIETIRE
Sz GTD 5 20094E 5 H o i A mifg b o J&E %
RFELD B EOIAHED & RN 2T - 720

2. 4. Efg DR & BENSYEE

WL D i B W5 D QLR & AT I IE, GISY 7
;7 = 7 TNTmips (Ver.7.4, Microimageft) %
iz,

AW T IR FE B Sl E & U T LYZENGA



RGO AN ORERE~ » € v 21

Table 1 ; Standard for identification of classes and visual examples from the videos. The coverage of Seaweeds
on substrata are not taken into account.

Class Name | ab. Standard for Identification Example of View

Any substrata covered with living
Living Coral | Ic |hard corals regardless of
phylogeny or morphology (>30%).

Bedrock substrata made of dead
hard corals, or covered with their
fragments uniformly, except for

”

those identified as “Ic”.

Dead Coral | dc

Flat substrata composed of sandy
Sand od partlcles thh relatively small and
uniform size, except for those
identified as “sg”.

11044353
2011, 2. T

Flat substrata composed of sandy
particles mixed with rubbles

sdrb | (fragments of branching corals,
mainly) more than 50%, except for
those identified as “sg”.

Sand with
Rubble

Flat substrata covered with living
seagrasses (e.g., Halodule sp.,
Cymodocea sp., Syringodium sp.)
(>30%).

Seagrass sg

(1981) OB LA DI feiE#EH Lize /X2 N, Lis; 2Ny R i OMSHEEME, Lsi; N FiD
imoEons DIfEH (DI BUTO (1) =K HKEDF4HT R E WE 7 2ILIC B 1) B HGHREEEfE,
ThHzoh3, Kij; 7SV Ki, | OsHEARELED

BT D%/ N > ROWED E 7 2 IVIiZiE I3

DR D g e 2 DN A LT A5, oh

T XimIn (Li—Lsi) @ HENY FEAICRES N FHARLSZ LT

L L TCHPEEEEAE (L) 12 Ui, RIS, B O
Xj=1In (Lj—Lsj) 3

MHEONI O K D BKEDO T K& iIcE



22 La mer 49, 2011
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3.5
v = 0.7088x + 0.9226
Xb R? = 0.7814
3 oo
25
25 3 3.5 4 45

Fig. 2. Scatter plot of X values for Band 1 (B) and
Band 2 (G) from the pixels of “sd” accord-
ing to GTD. The slope of the regression line is
equivalent to Kbg.

B ET vIVOKNY NOBSHEEM (Lsi) %
KDy BTOEZ ILOKN Y R O R il >
5 Z Ol Z JRE U 7o 2157 (Li—Ls,

EHRELEE Kij R DR U CTKIENRERL 5
7EIIVIZEIT S X & X]OBAMGRD»SRD B Z
EMTE B (LYZENGA, 1981), #i 2 1T JEE Hsib
(sd) DEZ I DHMSEI X) ZREHIC, Xi
RN B O THEIEMIR AT S & R EER O 8
M Ki/Kj. THDEKI) &85, APFFETIRNE
AR E N E S - 7 (RP=0.78) N> N1 (B) &
WY R 2(G) DHEEREIL (Kbg) &Zofin
535N DIEE (Dibg) OA%HM Lk, K
bg %K 5 1o DITHERK U 7 #di¥ % Fig. 21277,

D& IS Lb—Lsb, Lg—Lsg, Kbg
ZH1Z, TNTmips ® SMLZ 7 Y 7 b BHE %
WT (1) &0 22030 FEifgEH S Dibg ~
DOEWAEFT - 120

Fe TG OBk & VAR Ok $920m)
ok ZOBROMGESE, SHL D, FNNVER
D ICGHELEEAR D 53 A g R b | g JEEHTE B 73
ERBEICTH T R 7 M AT - 72,

AWFFE TGO Hhift & S HoFE & LT,
TNTmips ® H B4 FREEED 5 B I/ N % 5%
RUl, ETAAASOMENSHE SN2 GTD
M=z TF—7ELUTHW,, Eito k>
11372 DIbg O HL—MWiffr &, N R 1 E/NV K2
DWCFHEE T4 (Lb, Lg) #&FhEh B 5
izt L7c, N F3@R) &8V K4 (NIR) o
B (Lr, Lonir) 2280 H0ED -
7HlE LT, B —ICDIE-AERD 3 DIl
72b D EE LN Y KT O SRR O AT 0
Tehotel & BTNV RS, 4 0RER DK
SRPRR P A 3 BRI KR 1T & BB A 2T 2 F <

THRBEVREDJEE U EI A& THS
EMD B,

EDORREER NN A T TV F THLE A RE D R
F 572 Dibg Hifgd HE IS LTI ML —
— T o5y T A EEY T (o).
AT (dos B (sd). BHRU D o> (sdrb)
D4o>ELkbnE, YT (o). ¥EH T
(do)s WE7ZIBIE L Y O (sd or sdrb) @ 3
D2ELIEDD 287 — 2 Tir» 7, Lb, Lg
BIZLBHHETIEIPD7 IR E LT,
EFNEFNOSEHRRICHOWTHEETH (error
matrix) ZfEK L. 2 —¥RE, 7oF2—%
W, 2EROIE. & 7R &0l E R
R U, BZETINIATICH G O To
75 2%, N GTD TD Y 5 2% ZNENiH X,
BRBTF— 7 DLETOEZ LIV EXKDIBIZE EBi
LD TH % (CONGALTON, 1991), EEITHITE
WTy —PREREZHITIIOPNT, 7aFa—Y
FEERAINI >0 T, 2ROEREE 7 i
SWTIELL a7 E7 eV iE2hEhE
To FURE (T) BUTD D) XhokbdsS
NBIET, BIEROKEED SWRDO—H M T
WA D, HREO RIS IEREE LTHL S
ZEMTEB (Ma and REDMOND, 1995),

T= (PoP)/(1—P) @
cee. po Ll Y.
[ T\ P,~— NZ izl n;*x; (5)

(P ; 2KOKE, N, BT —70MET ®IV
B, M 587 728, n; BEGHIITHOE
SFEZ BAVHL x BT IITHOIEL 48
Ehi-E7 V)

Fh, B S ZAWRABD 3 TH B 2 OD5H
wRM BN IFRHIZ O TIE, Ma and
REDMOND (1995) @D Tl » T Z e 4T,
ENENOHHEREEOMICHEREN S 20 %N
N7z,

SERERRTO%. FoBERIC LTHE SN
TR RIS O LTG5 & & biT, Yo
THE = v E v S DR O RTREPE P SRR R ICBY
FTAUWEEIZDNTEE LT,

3. R
3. 1. BE/o %
HESHICH OO N R 1 (B) EXV K2
(@) olggtiEf (LB, Lg) £hZho 8
%% Fig. 3a, b 1T, N6 EZHNTH SN DI
% (DIbg) o HMBRHIB%Fig. 3ciceh T hR
U7co B D 2 > O Wi Tl /KEED 58Iz
Ko T2 > T4, DI R8O i T
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Fig. 3. Map of the research site corresponding to the area of Fig. 1b, after masked out the land and deep sea
areas : a) Lb image; b) Lg image; ¢) DIbg image.

BKEDKENMIES W TEE O MHnEN T,

/NI X Lb, Lg O#igh s 3 >0 7
I 212 & B ABHEATT - 7285 R, Fig. 4a O &
I SRR S hic, £/, R Dibg @
WS 4 D07 5 2T & 550 HET - 1ok 5.
Fig. db s, £/ 3207 7 2T X 558 %4T >
FodEH. Fig. de MEhZhEShic, U Dibg
EiffE 4507 T ATHHLIHRE3I >0 5
ZTHE LR (Fig. db&de) %2HiEET 53 &,
HiHE Tld sd & sdde B L D& - T B3 D5,
#%E T sd or sdde I S TV B LIS
ESE RV AT L (A F S TACY (R AT NER MNE oF (N ' N
Lb, Lg Wific & 3 73 Hiks R & Dibg mifgic & %
L7728 TosBREE (Fig. dakde) 3.

RARIC b K& BT - SRR &7 - 72,
Fio, BRIk S N Ic s BB OB b L —
SV TF = E LT 5 iR
(sg) DAL TN, EEAEMde R e
ISHEASHSh T,

3. 2. HEEREE DET

Fig. 4a, b, ¢ & TOSMHHE R 2 HIT/ER U 73k
ZITHE. B IN K BREIRR (22— 98
E. 7T - AROBE. ¥ YR
Dfti%. Table 2a, b, ¢ IZ/RT o

SRS O BHEIT X B 43RS E O & L
L7c& 2 A, Lb, Lg Wifgiz & 2 5%k (Table
2a) 13 DIbg 1T &k 2 3%k (Table 20) 12k~
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I dc
.
[ Isd or sdrb &

AT OSERERBIC DO TERWMEE R Ui, 4
IZle it >0 To—HFEEEIE, Dlibg Wifgic k5
SHETIZ0.78 EEWETH 2Dk Ly Lb, Lg
BRI X208 TIR038 ERELHP LTV S,
—F. lciconwTo7aTF 2 —HiEEITEhEh
1.00 £ 0.86 T, T—YHEEIZERELETED, -
72o TOZ &iF Lb, Lg Bz X558 Tidle D
DK SN 2 Bhnd b EAERKELT
Wb, EIWMED Y IR (£hZEh0.45&0.72)
COWT ZMEET -T2 &2 A, ZIHIF3.17
(>258) &b, HEKIEL B THEEEICH
BEAO EOSEEME SN,

T8 T ADOIC L BHHREDE A

I dc
1. 3
[ lsd or sdrb 3

Fig. 4 Results of the classification of research site,
corresponding to the area of Fig. 1b: a) by Lb
and Lg with 3 classes; b) by DIbg with 4
classes; ¢) by DIbg with 3 classes.

WLkl A, 475 ATD4H (Table 2b) »
5375 ATOHM (Table 2¢) 127 5 ZHEH
5T EROFE, ¥ URHE b RE <MLL,
47 5 ZATOHHTIE sd & sdrb DB DR FHD
2, EROHEEKFSE2ERNEL > T/,
HiZsd Da—9kE, 7ora—HEERED
IZIEFITARWME (2N Eh 0.430 0.30) TdHh -7,
ZHITH L, 37 5 A& L7243 8TIE sd or sdrb
tELHoNr7SZADA—FEE, a5 a—
THEENZNZN 0.90, 0.83 EFLME &R - 72,

4, B

4. 1. FEICEAT Z5HME

AU THIRRE I IV GTD I E T
AHATIZE BT =5 M ofiiztzn, 2D X
=V 309 L& AVNIR-2 (8§ 0 22 [ i 44 FiE
(10m X 10m) &—% L7\, GPS offricEd
DEEMD - 1 a[FetEAH 513, GTD OERK
WZHHBERBEESNEL TS HbIESE L
THEFONS, ZDKIIZ GTD ORMBEFERS
BUWEO MDD B0, BEOKEEIT L THRR
0.81. & 7REIT L THRAK0.72 &5 EOKEE
DHFRERNE SN2 2 EiF. AOFENRD 5
FEEERD RIS T — F MG TR TH - 7o 2 L 2 HA)
T3,

Dlbg 1T & 3 230 HHS 13 Lb, Lg 12 & % 43k
REIDbFREICEVHEEZR LU, Thid DI s
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Table 2 ; Error matrices of each classification and calculated coefficients of accuracy (User’s accuracy, Produc-

er’s accuracy, Overall accuracy, and Tau-coefficient)

4 classes; ¢) by DIbg with 3 classes.

: a) by Lb and Lg with 3 classes; b) by DIbg with

a
Reference data User's
Ic dc sd or sdrb]| Total |accuracy
Ic 6 7 3 16 0.38
mapping dc 1 3 5 9 0.33
result isd or sdrb 0 2 15 17 0.88
Total 7 12 23 42
Producer’s accuracy] 0.86 0.25 0.65
Overall accuracy 0.57
Tau—coefficient 0.45
b —
Reference data User's
Ic dc sdrb sd Total |accuracy
Ic 7 2 0 0 9 0.78
Mapping dc 0 8 2 2 12 0.67
result sdrb 0 0 9 5 14 0.64
sd 0 2 2 3 7 0.43
Total 7 12 13 10 42
Producer’s accuracy 1.00 0.67 0.69 | 0.30
Overall accuracy 0.64
Tau—coefficient 0.57
C
Reference data User's
Ic dc sd or sdrb]| Total |accuracy
lc 7 2 0 9 0.78
mapping dc 0 8 4 12 0.67
result isd or sdrb 0 2 19 21 0.90
Total 7 12 23 42
Producer’'s accuracy] 1.00 0.67 0.83
Overall accuracy 0.81
Tau—coefficient 0.72

BAEROCIEEERE < v BV 7% 2 TR~
M35 EoaMtE%EE T 28R TH 5,

Fig. 4a 2 W% & Lb, Lg I X 2 0TI &0
7 T ZDSIKIERATHY - THARIZ T Ly KEDO R
ZWEM S le, de, sd or sdrb IZ40 8 SN T3
AR SN 5, —Hh. Fig. 4c ® Dlbg 2 & 5
SHTIRE 7 7 205wk TIRE LR, K
B ORBRRIBICREIN TS I E0nh 5,
DI fH80C & 2 JEE 5 D 7] 1813 75 85853 D il
& LT, Fig. 4 DL KFifE % Fig. 5a, b 1IZ/R L,

Fig. ba TIE—kRIC le iIZBis T2 h 6.
Fig. 5b TIEEIT de THK S 1 5 HE D i S8 31
BICENT LN - T D, Fhbido ki,
Lb, Lg Z W73 0TI 1o 2 KGN 4 % fEhk
Hndsb EeBEZTEH, o IHROEE < v
EU 7 DIEREHCZONEYESZ X5,
F. HHI S AEAOELUTHHE LIRS ER
BIIMEMETH 7D, sd Esdrb 217 52 &
LT EHD I ETHERHENRE ML,
2D EE AVNIR-2 g @ [ G E &N v
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Fig. 5. Extended maps of the area representing the improvement of classification due to water—column correction
(corresponding to the blue rectangle with number 3 in Fig. 1b, upper-left; E124°04'55.2", N24°18'10.9"

lower-right; E124°05'57.2", N24°17°21.9"),: a) derived from Fig. 4a ; b) derived from Fig. 4c. The influ-
ence of depth looks larger in former than in latter.

Fig. 6. Extended maps of two marine protected areas in research site derived from Fig. 4c : a) Takidonguchi
(corresponding to the blue rectangle with number 1 in Fig. 1b, upper-left; £124°03'56.4", N24°20'46.1"
lower-right; E124°04'43.2", N24°19°59.7) ; b) Shimobishi (corresponding to the blue rectangle with
number 2 in Fig. 1b upper-left; E124°03'15.5", N24°18'47.7" lower-right; E124°04'05.8", N24°18°03.0").

Fig. 7. Extended maps of the area in which many patch reefs are distributed (corresponding to the blue rectangle
with number 4 in Fig. 1b, upper-left; E124°05'44.1", N24°16°37.6" lower-right; E124°07'14.1", N24°
15'34.7") : a) from Fig. 4a; b) from Fig. 4c. Distribution and shapes of patch reefs look clearer in latter
than in former.
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