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NEW BATHYMETRIC SURVEYING AND PROCESSING SYSTEM
BASED ON SEA BEAM 20001

Akira Asada*
Abstract

The Hydrographic Department, Japan Maritime Safety Agency has installed the most advanced
bathymetric surveying system of 90 degrees swath width, called SEA BEAM 2000, which is a new
system developed by the SeaBeam Instruments Incorporation, on the newly built survey vessel Meiyo in
October 1990, The practical survey using this newest system has been carried out.

The present SEA BEAM 2000 has a good capability of 120 degrees swath width and side scan image
output by combining interferometric technologies since February 1992. By adopting the interferometric
technique, the resolving performance of bottom reflection wave and the multi beam depth measurement
are improved remarkably.

Also, we developed a new integrated navigation system and a new data processing system for the
SEA BEAM 2000. For example, the computer program which rejects erroneous data of 1 or more
percent abnormalities by automatic analysis of abnormalities based on the continuity of the topographic
feature is very useful. Since SEA BEAM 2000 records additionally intensity data of 121 beams, we
made grazing angle and position corrections of the beam intensity data and prepared the intensity map
by using a digital color photograph printer. Furthermore, we tried to make a 3-dimmentional intensity
map by using depth data. This map indicates very detailed topography of the sea floor, such as faults,

complex rock walls and channels.

Introduction

The Hydrographic Department, Japan Maritime Safety Agency, installed the most advanced bath-
ymetric surveying system of 90 degrees swath width, called SEA BEAM 2000 on the newly built survey
vessel Meiyo in October 1990, with the close cooperation of the SeaBeam Instruments Incorporation

(SBD) .

As the SEA BEAM 2000 was a new system developed by the SeaBeam Instruments Inc., it took a few
months to finalize the adjustment step of the instrumentation in the field at sea, before actual survey
operations were inifiated with the system. The first practical survey using this newest system was
carried out in the sea areas off Boso-peninsula in March 1991, followed by the survey conducted off the

coastline of Miyagi- and Fukushima-prefecture in April 1991 and around the seamount Mikura in August
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2 A. ASADA

1991.

The present functions of the system incorporated in the SEA BEAM 2000 were confirmed through
these survey operations. Also, the integrated navigation system and a new data processing system were
contributed at the designing and developing stage proceeded together with the project to build the new
Meiyo as replacement of the old Meiyo.

Since Februaly 1992, the Sea Beam 2000 on the Meiyo has been upgraded with addition of capabilities
of 120 dagrees swath width as well as side scan image output by combining interferometric processing
techniques by Sea Beam Instruments Inc. The sea test was conducted in and around the Bonin Trench
having varying depths of 100 to 9000 meters, and a good result was obtained (Asada, 1992) .

In March 1992, following the test, the bathymetric survey using the Sea Beam 2000 with 120° swath
width was conducted around south area of Izu peninsula.

We have processed this data and prepared a detail bathymetric contour chart and an impressive beam
intensity map. At the same time, we also tried a simple analysis of the data quality.

In August 1992, we conducted the survey through 20 days around Nankai Trough at the highest ship’
s speed over 15 knots, becasue we required the widely covered bathymetric data of a map area 1/
500,000. As the result, we aquired the Sea Beam 2000 data covering most of the important area with
some error of flow noise. These erroneous data have been rejected satisfactorily by the automatic
rejection program of erroneous data.

In Octover 1992, the signal-to-noise ratio function of the reciver in the Sea Beam 2000 system was
improved by the engineer of SBI. After this improvement, the erroneous data of the Sea Beam 2000
under the rough sea condition like the sea state of over 5 or at high ship’s speed have been decreased
remarkably. The sea test of the system evaluation at the 100 to 2000 meters deep area brought us a
noiseless and good result under the conditions of wind speed over 15 meters/second, wave hight over
3 meters and ship’s speed about 10 knots.

As the Meiyo of 621 tons is a middle size vessel, the rough sea condition or high ship’s speed had
brought sometime critical damage to the bathymetric data. However, it is now confirmed that the Sea
Beam 2000 on the middle size vessel Meiyo enables us to carry out surveys even under such a consider-
ably bad condition. The Sea Beam 2000 have operated well around Bonin Trench in spite of the winter’

s strict sea condition, such as wind speed of 30 meter/seconds.

1. SEA BEAM 2000 surveying system

To efficiently carry out survey operations with the SEA BEAM 2000 and others, efforts were placed
on production of a blue-print for an intergrated navigation system based on a designing concept
consistent with that of the SEA BEAM 2000. The resulting system was installed on board the new
vessel Meiyo.

The integrated navigation system has a reference clock, to which all the surveying devices are
synchronized. In the past, a time deviation between the positioning and the sounding data always
brought us troublesome headaches. The SEA BEAM 2000 receives the data of clocks, posistions,
sea-surface temperatures, gyro and log outputs, etc. from the navigation system. The navigation
system also records measurements which are transferred from the SEA BEAM 2000. An exellent

capability of CPU HP835CHX built in the navigation system, which has been provided by advanced
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techologies in the field of computer science, allows us to process measurements acquired onboard, such
as to prepare contour charts traced along the tracks of the SEA BEAM 2000, etc.

1—1. Improvement of surveying equipment

(1) Special functions of the integrated navigation system

There are 3 models of GPS equipment, a 2-channel type MX4400GPS, a 12-channel type MX4810GPS
and a 6-channel type MX4200GPS placed onboard the vessel as the GPS positioning device. In the field
at sea, MX4810GPS independently determines position-fixes and also acquires pseudo-range data, and
in a reference point on land, another 12-channel type MX4818GPS for differencial positioning, which
is a reference station systematized with an IBM PS-2 computer, calculates and stores corrections for
the pseudo-range data. The reference station has a 600Mb (300Mb on one side) magneto optical disk
to record a great number of differential data. Both MX4810 and MX4818 can primarily store about 30
Mb of differential data in a day. A cesium frequency standard supports the reference clock, Loran-C
range measurements and GPS fixes. MZX4400GPS can determine position-fixes with only 2 GPS
satellites. The reference clock for the whole surveying devices onboard is syncronized at a higher
accuracy by the time reference function of MX4200.

For Loran-C navigation, 2 sets of specially designed, highly accurate receiving equipments are
incorporated. These equipments have a fixing resolution of 0.01ys and a capability to determine
position-fixes in a hyperbolic and a range-range mode. The Loran-C equipment can fix 4 hyperbolic
line-of positions (LOPs) and range lines from 5 transmitters. And the system can select any LOPs to
fix position and automatically compute all offset of LOPs by compairing with each LOP with one of GPS
fixes determined during a 6-hour period. The operator also can insert corrections either manually or
automatically. The corrections are added to the value of each LOP so that no position deviation can
result from the change of the LOPs used in due course.

The system also incorporates an ability to operate in a mode of Trisponder; i.e., a microwave
position fix system.

The integrated navigation system normally performs a multi-mode measuring function with 5 or more
positioning assemblies and continuously outputs the best position-fixes. The 5 assemblies include
MX4400GPS, MX4810GPS, 2 sets of Loran-C receiving equipement and SNX(GPS). SNX, we call,
calculates a 2-dimentional positon from all the pseudo ranges, using GPS data supplied by MX4810GPS.
Each range is weighted by HDOP, S/N, etc. Most of the earlier GPS receivers on the market at the
time of the development stage of this positioning system generally adopted a method to randomly select
and combine 4 GPS satellites for position calculation, not taking account of the optimum combination
of DOP, and then produced satellite-fixes in poor quality. In addition, it was frequently experienced
that position determinations in 2-dimension with 3 satellites provided more accurate fixes than those in
3-dimension with 4 satellites. Recent GPS receivers have been incorporated with a position calculation
technique derived from the similar concept of ours.

In these positioning assemblies, the operator choses 3 assemblies as the primary measurement tool of
the system. The system assesses processing conditions of each assembly and identifies the order of
priority for preference; when a higher priority assembly was somehow degraded, the one positioned at
the next priority will automatically take the higher place, and when the degraded resumed its normal

condition, it automatically goes back to the previous location. We usually select MX4400GPS, MX4810
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GPS and R-R Loran-C as the 3 primary assemblies.

A graphic CRT indicates 3 curves of tracks individually produced by the 3 positioning assemblies,
together with planned measurement lines and shorelines.

At the same time, navigational information to assist in taking the courses along the measurement
lines is also displayed on the CRT, together with current flows, wind directions and wind speeds.

The integrated navination system is connected to all the surveying devices onboard, and provides
necessary information, as well as records all the data from the SEA BEAM 2000, a gravity meter, a
geomagneto meter and an acoustic doppler current meter.

Under and after the surveying operation at sea, the system can produce the best position-fixe among
the data provided by 4 routs of positioning elements; above 3 asseblies plus DGPS, through a graphic
data processing in a conversation mode. This system also enables us to prepare a depth contour chart
along the tracks, a track chart and a sounding chart, utilizing the data the SEA BEAM 2000 provides.
For the CPU of the system, 835CHX of the HP9000 series is employed. In future, we well improve the
processing capability of the system on board, incorporating a processing software being developed for
the machines for land use.

1—2., Re-establishment of processing software

We rearranged the existing software (A. Asada, 1988) and relocated them on the HP-400 UNIX
computer. Additionally, we developed some new programs to improve the processing capability. We
will present these programs in the following paragraphs. Details of the new programs will be presented
mainly.

(1) Positioning

a) GPS differential post-precessing

b) Position-fix correction program

With this program, we can call various data acquired by each of the positioning sensors on the
graphic display, set process time to get optimum position data on the CRT screen by using a mouse to
select the data and put the data to be processed with an optimum filtering, a calculation to shift
determined fixes to absolute positions and a smoothing of data connections, through a graphic conversa-
tion technique. The program enables us, easily and at a high speed as well as a good accuracy, to
remove spike errors in the position-fixes, to smooth meanderings caused by instability of the position-
fixes and to process difference in levels resulted from combination change of the GPS satellites. An
example of the display on the processing is shown in Figure 1.

Simultaneously treated position data:

to choose max. 4 pairs from
GPS Positioning Assemblies (Navigation fix, Differential fix),
Loran-C Positioning Assemblies (Hyperbolic Navigation, Range-Range Navigation), and
Micro-wave Positioning Assemblies.
Function of processing

Variable scale indication: to indicate navigation data of 4 paired LOPs at random scales.
Patch-work processing: to connect optimum position data by a patch-work, absolute position

shifts and parallel position shifts through a mouse.

Off-setting: to compensate irregular at the data connections created by the patch-work process-
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6 A. ASADA

(1) Basic flow of the auto-rejection process of erroneous data > 1%

W

Total number of inspections
Reject erroneous data of difference ( 100 shots X N beams )
by > 8 ¥ from plane eq. of 5 X 5 data

up to 20 loops

When there are few erroneous data > 8 ¥
or total loops > 20

Reject erroneous data of difference ( 100 shots X N beams )
by > 2 % from plane eq. of 4 X 4 data

up to 20 loops

When there are few erroneous data > 2 ¥
or total Ioops > 20

Reject erroneous data of difference ( 100 shots X N beams )
by > 1 % from plane eq. of 8 X 3 data

up to 20 loops

When there are few erroneous data > 1 %
or total cycles > 20
NEXT 100 SHOTS DATA

(2) How to reject erroneous data > 1%
® 3x 3 approximated plane equation

[f the center datum lies within < 1 %,
then it is recognized as a normal value.

l In the case of the center datam differs by > 1 %

normal
/"’é\.\

S

errogeous

A ,o’/ \-\

g

--------- o Case of knoll topography

@~ Calculate four 3 x 8
approximate plane equations for
each quadrant.

Reject the center datum as an error, which
differs by > 1 ¥ from 4 equations.

Figure 2. The auto-rejection process of erroneous data
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ing.
Filtering: to reproduce actual tracks by filtering wavy track data resulted from variation of the
data values.

c) Track chart processing
(2) SEA BEAM 2000

a) Transfer to JMSA unified format

This program changes format of the data provided by all the multi-beam sounding devices to that of
the unified in order to process the output data with the programs below. The unified format can treat
the data having 1 up to 200 of the beam number. We have so far programmed the software for the SEA
BEAM 2000, the SEA BEAM, the Hydrochart II, the HS-10, the HS-200 and the Hydrosweep.

b) Automatic rejection of erroneous data

We have devised a computer program which eliminates 1 or more percent abnormal data by automatic
analysis of abnormalities based on the continuity of the topographic feature. We assess raw data and
must not modify. A basic flow of the program is shown in Figure 2. The program is somehow adjusted
to be consistent with the characterizations of actual data. The foundation to define error data depends
on the fact that there is no topographic feature which has only one spike datum. Furthermore, we
identify that the data which have no correlation to the surroundings must be erroneous. However,
erroneous data sometimes have like a continuous topographic feature. And this phenomenon is often
caused when most of data in same shot are bad, and due to flow noise under the transducer. Thus, we
designed the program not to identify as erroneous data in the areas with complex topograpy where there
are faults, sea-knolls, etc. This scheme has provided a nearly perfect rejection of erroneous data by
an automatic method. The execution of this program was impossible for traditional computers to
accomplish it due to the time limitation, because the process requires quite a lot of calculation jobs.
The advanced technology on work-stations in the computer system these days, enables us to clear the
problems in carrying out a great number of calculations. The several improvemens of the program have
been made through actual processings. The latest fundamental processing flow of the program is as
folows:

1) To read data at the size of 100 shots.

2) To remove much erroneous data, by checking every data for 3 or more percent of abnormality.
This is a kind of technique which first eliminates larger errors and then reject smaller errors. Each
point datum is judged from the 5 x 5 data which are extracted in the fore and after shots, the left and
right beams of itself.

* To extract 7 x 7 data from the fore and after shots, the left and right beams of the checked point.

* To calculate the approximated plane of 5 x 5 around the center.

* The data are regarded as normal, when they lie within 3 % of the approximated plane.

If the data are regarded as doubtful;

* To calculate the approximated planes of each 5 x 5 corresponding to the four quadrants which

place the data point at the origin.

* To remove the data which makes 3 or more percent differnt from the approximated planes of the

four quadrants, identifying the data are approximated planes of the four quadrants, identifying the

data are erroneous.
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Figure 3. Water-fall display by the Auto-rejection Process of SEA BEAM 2000 data of poor quality.
Original data are shown on the left, and processing data is shown on the right.
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12 A. ASADA

* To check and remove erroneous data for each beam of 100 shots, repeating the steps above up to
20 cycles or when the erroneous data are few.
3) To check every data of one point for 2 or more percent of abnormality.
This procedure is almost the same as 2). The different points are as follows:
The size of the approximated plane is 4 x 4.
The percent of the judgement is 2% .
4) To check every data of one point for 1 or more percent of abnormality.
This procedure is almost the same as 2) also. The different points are as follows:
The size of the approximated plane is 3 x 3.
The percent of the judgement is 1%.
5) To store the results of the 5th to the 96th shot.
6) To add the 96 shots to remaining the final 4 shots and repeat the steps 1) to 5) above.
Examples of the execution with this program are shown in Figures 3~6. The left side indicats raw
data and the right side the processed results. The same information is displayed on the CRT as the same
figure. These data explain that the sea area surveyed was in bad condition, the survey operation with
the SEA BEAM 2000 was not well accomplished or the sea-bottom had a complex topographic feature.
These bad data are suitable to show the performance of the program. Aswe can see in the figures, only
bad data are automatically rejected from the original data; data of sea-knoll and fault, etc. are not
rejected. Outputs of the SEA BEAM 2000 for 100 shots require about 18 to 60 seconds to be fully
processed by HP400. Data acquired during one segment of a survey operation, which corresponds to
about 150 - 500Mb, needs a day for automatic processing.
c) Replacing of the position-fix data to the post-processed data in the unified format
d) Contour processing time-sequentially
This program is to produce a depth contour chart with the swath width along the tracks.
e) Contour processing (A. Asada and A. Nakanishi, 1986)
* Calculate beam position (from center lat., lon., heading, crosstrack distance — to beam lat.,
lon.)
This is to calculate the latitude and longitude of each beam.
+ X,Y Coordinate Transfer (TM, UTM, LAMBELT, MERCATOR & Others)

This program translates the geographic positions of the beam to X-Y coordinatetes on a chart.
These two processes always allow us to make highly accurate mapping. The heading of a vessel
usually differs from the direction on a X-Y chart. The difference becomes greater as the latitude
ascends higher. The crosstrack distance of beam is also always different from a distance on a X-Y
chart. By these reason, this procedure is very important.

+ Meshing (with Z, X, Y dimensions)
Each mesh also has a position information to provide accurate mapping.
+ High accurate contouring with Z, X, Y dimensions (not gridding)
This program draws accurate contours based on the Z, X and Y of the meshes so that the contour
chart and the sounding chart are in a perfect accordance.
f) Sounding chart processing

g) Application software

Report of Hydrographic Researches Vol. 29 1993
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Table 1. Comparison between SEA BEAM and SEA BEAM 2000 by the Sea Beam Instruments
Inc.

RECEIVER BEAM (DEG)
VERTICAL BEAM
15-DEG  BEAM
45-DEG  BEAM

SIDE LOBE LEBEL (DB)

PULSE REP (SECONDS)

NUMBER OF BEAMS
BEAM FORMING

COMPUTERS:

DATA PROCESSOR
REALTIME-CONTROL
SIGNAL PROCESSING
ARCHITECTURE

EQUIPMENT SIZE

DISPLAYS:

CROSS-TRACK PROFILE
BEAM INTENSITY
REAL-TIME CONTOUR
SCROLLING 3-D WATERFALL
NAV-CORRECTED CONTOUR
SIDE-SCAN IMAGE

Report of Hydrographic Researches

267X 20
2.67X 20
N/A

~25
1-15
16

HARDWARE

DG ECLIPS
HARDWARE
HARDWARE

DATA GENERAL

2 RACKS

YES
YES
YES
NO
NO
NO

SEA BEAM SEA BEAM 2000

DEPTH RANGE (M) 43-11, 000 10-11, 000
FREQUENCY 12. 158 kilz 12 kHz £ 50 Hz
ACCURACY 0.25 % of depth 0.1 % of depth
DOPPLER COMPENSATION NO YES
TRANSMIT ARRAY SIZE Q) 2.8X0.16 46 X0.45
PROJECTOR BEAM (DEG) 54 X 2.67 100 X 2, 4
PULSE LENGTH (MSEC) 7 3-20
RECEIVER ARRAY SIZE (W 2.9X0.4 5.256 X 0.5

MOUNTING (V T0 15 DEG) (V TO 10 DEG)

2/4 X 15/30
2/4 X 15/30
2/4 X 15/30

-25
1-22
61 / 121
SOFTWARE DIRECTED
DEC VAX 4000
INTEL 80386
TT TMS320C30
PASSIVE AT BACKPLANE
3 RACKS
YES
YES
YES
YES

YES
YES
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* 3-dimensional image processing with color coding by using mesh data (Asada, 1986)

* Magnitude mapping of sea bottom inclination with color coding by using mesh data

* Direction mapping of sea bottom inclination with color coding by using mesh data (A. Asada, S.
Kato and S. Kasuga, 1989)

* Intensity or sidescan image processing by using raw data

* 3-dimensional intensity or sidescan image processing with Color Cording by using raw data

These softwares are available to use a digital color photograph printer, Pictrography 2000, instead
of the traditonal color plotter,such as ink jets, thermal or electrostatic plotters. The pictography 2000
has the capacity of 2048 x 2560 pixels and each pixel contains a 8-bit increments of 0 to 255 for each red,
green and blue lights. This equipment prints out relatively small size of A4 but claims to have a most
excellent capability in this kind of products in the world.

h) Others

* RMS error calculation software

* Roll-bias assessment sofware

* Tidal correction software

* SVP re-calculation software

* Sounding accuracy assessment software

2. Characteristic of ray correction in SEA BEAM 2000

The details of the SEA BEAM 2000 are described in the paper by W. J. Capell and K. C. Kiesel
(1989) . Here, we will discuss some advantages of this equipment in correcting and compensating by
sounding velocities. Table 1 shows a comparative list of the SEA BEAM and the SEA BEAM 2000.
2—1. Ray curve correction
(DRefraction correction by mean sound volocity

The SEA BEAM does not provide corrections to the ray curve in terms of a strict sense, because of
the narrow swath width. The sound velocity varies according to the depth in the sea water. Thus,
sound rays are refracted in water and reach the sea botom. The SEA BEAM calculates a mean beam
refraction angle, determining a mean sound velocity in water for each beam. In other words, the SEA
BEAM considers the sound velocity profile in water as one layer with a mean sound velocity.

Some of the other multi-beam sounding equipment apply one value of a mean sound velocity to all the
beams and frequently cause a sounding error over 1% at a high beam angle, such as 60°. The results
in this case incur much serious problem when the equipment is used for surveys of the sea bottom in
complicated features such as in the vicinity of the Japanese archipelago. Each beam will hit separate
points at various level of depth and is subject to have different mean sound velocities.

Application of one mean velocity to all beams produces following errors. This method is not used in
SEA BEAM, but is used in many systems in the world. Now, a beam at 60° supposedly hits a point at
the depth of 1000 m with mean sound velocity 1498.9 under the condition of Table 2 that the depth of
vertical beam is measured as 200 m and the mean sound velocity is calculated as 1532.8m/s, which is
a quite common assumption in the areas around Japan.

Then, calculated beam angle is

sing,”1532.8=sin(60),71498.9
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Table 2. Calculation errors of depths and cross-track distances by mean velocity method, using real
CTD profile data.

CALCULATION ERRORS of DEFTHS

BY MEAM VELOCITY METHOD
surface ray angle (deg.) % depth (m)
0 10 20 30 40 50 60
s ] L0 s e L0 .0
50,0 50,0 S50.0 S50.0 S0.0 50.0 S50.0
1060 100,0 100.0 100,0 100, 0 100.0 100.0
200.0 200.0 200.0 200.0 200,0 200.1
E00.0 00,0 F00.0 AO0.0 300. 1 300.4
S500.1 00,1 800.1 500, 1 S00.2 §500.8
7a0.1 700.1 700.1 700.1 700.1 700.3 701.1
1000.1 1000.1  1000.1  1000.1 1O00.2  1000.4 1001.3
1500.2  1500.2 1500.2 1500.2 1S00.2 1500.85 1501.5
2OO0.2  2000.2 2000.2 2000.2 2000.2 2000.5 2001.6
2HEO0, 2 2500.2 2500.2 2J[O0.2 2500.2 2500.5 2501.4
TOO00.2  I000.Z 3I000,.2  3000.2  I000.2  I000.5  3001.7
4000.3  4000.3  4000,3  4000.3  4000.4 4000.9 4002.9 01%
5000.7  S000.7 S5000.6 SO000.7 S000.9 5001.9 1 5006.4
&001.4 600L.3 6O01L.E 6001.EF  6001.8 an4.0] 6014, 1
7O02.5 7002.4 7002.4 7002.5 70033 7007.6 7048.1 03%
8004.1 80CG4.0 BOO3.9 B0O04.1 BOO3.6 8013j 8081.2 ™
FO04, 3 FO0L6.2  F006.0  FO06.E G008, ) 3 9087t§~1%
10009, 1 10009.0 10008:8“1QQQ?.?l10013.0 P0032.4I10141.6 P
11012.7 11012.6 11012.2 11012.8 131018.% 11047,.92[112258.2

ERRORS of CROSS~TRACK DISTANCES

depth vel. mean V
(m) (m/s) (m/s)
L0 1540.3 1540.3
50.0 15431.1 1340.7
10,0 1541.9 1541.1
200.0 1506.9 1532.8
I00.0 0 1494,2 1322.0
S506.0  1490.0  1510.1
700.0 1487.7 1504,0
1000.0  1486.2 1498.9
1500.0 1486.1 1494.6
2000.0 14%1.5 1493.2
2500.0 1498.2 1493.9
3000.0 1505.8  1474.9
4000,0 18523.0 1499.8
S000.0  18540.7  15046.2
6000,0 1552.4 1513.5
7000.0 1578.4 1521.4
8000.0 1597.6 1529.7
O00.0  1617.0 1538.4
10000, 0 1635.9 1547.2
110000 14658.7 1556.73
CALCULATION
(uppers are true,
depth vel. mean V
(m) (m/s) (m/s)
L0 1540.3 1540.3
S0.0 1541.1 1540.7
100.0 1541.9 1941.1
200.0  1506.9 1532.8
I00.0  1494.2  1522.0
S500.0 14%90.0 i5ic.1
700.0  1487.7 1504.0
1000.0  1486.2 1498.9
1500.0  14846.1  1494.6
2000.0  1491.5 1493.2
2500.0 1498.2 1493.5
Z0Q00.0  1505.8 1494.9
4000. 0 18523.0 1499.8
SQO0.0  18540.7 1506.2
6000.0 1559.4 1513.5
7000.0 1578.4 1821.4
80000 1597.6 1829.7
Q000.0 1617.0 1538.4
10000, 0 1635.9 1547.2
11000.0  1658.7 1554.3

lowers

vV MEAN method

)

BY MEAN V HMETHOD

suwrface ray angle (deg.) % cross—track dist.(m)

o] 10 20 20 40 a0 60
0 O L0 .0 .0 L0 L0
.0 .0 .Q .0 .0 ] e
) 8.8 18.2 28.9 4Z.0 59.6 846.7
.0 8.8 18.2 28.9 42.0 599.6 86.7
.0 17.6 6.4 57.8 84.0 119.3 173.5
.0 17.6 364 G57.8 84.0 119.3 173.6
W0 35.2 72, 118,14 167.2 237.1 343.4
.0 5.1 TE.4 114.7 166.4 233. 6 339.9
.0 852.6 108.5 172.0 249, 4 352.9 508.8
e D23 107.7 170.5 246.7 347.6 4546.8 20m
.0 87.2 179.7 284, 4 411.7 5980. 4 8Z30.1
.0 86.4 178.0 281.2 A05.9 549.0 804,8
0 121.6 200.6 I96.3 S573.0 805.8!1 1147.0
.0 120.5 248.0 I 7 564.5 789.2] 1110.6 _
.0 173.0 i56.4 563, 4 813.5 ‘1141.3 1616.6 5om
.0 171.5 353.0 SE7.0 801.8 | 1118.8 | 1567.6
L0 288,49 S32. 840,.8 1212.5 | 18696.9 | 2391.8
.0 254.4 §527.8 B832.4 1197.1 | 1667.4 | 2327.9
0 343.9 708.1 1117.9 1610.8 12251.3 3164.4
L0 341.6 702.9 1108.4 1593.6 | 2218,2 [ 3092.9
-0 429.3 88=.8 13935.0 2009.3 ;2806.0 F9E7.6
.0 427.1 878.9 1385.9 1992.7 | 2774.0
0 514.7 1059.8 1672.5 2408.4 | 3361.9
L Q S513.0 1055.8 1665.1 3335.8
.0 686.3 1413.0 2229.9 4481.7 6282.0
.0 686.3  1412.9 2ZR29.4 4480.5 6279, 6 o0m
.0 8I8.6 1767.9 2790.4( 4019.1 S612.5 ||7874.
L0 Bb6l.6 1774.7 2802:8[ 4041 B 5ATS.2. 7972, 1
.0 1031.8 2124.7[73354.5 4833, 6755.8 9494.6
S0 1039.2 0 Zi41.4) J385.2 | 4889.5 | 6864.8 F744.0
L0 1205.9 | 2483, 6 | 3Z922.5 {9655.6 7913.1 11146.2
S0 1219.1 [ RE13.4 | B3977.2 15755.4  B109.9 11607.2
L0 1381.0 2844.8 ||4494.6 &485.0  90835.4 1283201
-0 1401.4  2890.6 114579.1  L6E9.T7  9393.7 1357402
S0 1857.1 S070.9  F322.3F 10273.6 14055.3
O 1886.0 S191.1  7543.1 10718.5 18661.0
0 1734,2 5651.7 8167.8 11478.3 16319.1
SO0 17730 |3 5813.2 846b6.1 12086.5 17885.7
L0 1912.4 6237.1  9021.9 12700.7 18126.6
L0 1962.6 6446, 6 F410.8 13504.4 20289.1
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Table 3. Calculation errors of depths and cross-track distances by mean velocity method, using
assumption profile data by (V = 1470+ D= 0.017).

CALCULATION ERRORS of DEFTHS EY MEAN VELOCITY HETHOD
depth vel. mean V swface ray angle {(deg.) & depth (m)
(m  (m/s)  (m/e) o 10 20 20 40 50 &6
L0 1470.0 1470.0 .0 L0 L0 O .0 L0 .0

1000,0  1487.0 1478.5 1000.0 1000.0 1000.0 1000,0 {000.0 1000,0 1000.0
2000.0  1504.0 1487.0 2000.1 2000.1 2000.1 2000.1 2000.1 2000.2  2001,0
3000.0 1521.0 1495.5 3I000.3 3000.% 3000.2 I000.3  3000.4 3001.0[ Zo0d.5 O4%
4000.0 1538.0 1504.0 4000.6 A00D.&6 A4000.6  AQ00.6 4001.0 4002.6] 4012.4 oo
S000.0 1555.0 1512.5 S001.3 S5001.2 S001.2 S001.3 5001.9 [ 5005.3[ 5027.5° %
6000.0 1572.0 1521.0 &002.2 6002.2 6O02.1 600Z.2 6O03.4 | 6009.8| 6054.0
7000,0 1589.0 1529.5 700Z.5 7003.4 7003.3 TOOZ.5  7005.5 | 7016.3
B000.0 1606,0 1538.0 B8005.1 B8005.1 8004.5 B00S.3 [ B008.3  8025.7
QO00.0  1623.0 1S46.5 9007.3 G007.1 9007.0 5012.0 _9038.5
10000.0  1640.0 1555.0 10009.9 10009.7 10009.5[10010.2 10016, 6 100558 1046
11000.0  1657.0 1563.5 110150 11012.8 11012.5 11013.5 110224 [11078.5 1176%.3

CALCULATION
{uppers are true,

ERRORS of CROSS-TRACK

DISTANCES RY
lowers V MEAN method)

MEAN V

METHOD

depth vel. mean V¥V surface ray angle (deg.) % cross—track dist.(m)
() (m/s) (m/s) ] 10 20 30 40 S0 =]
LG el -0 L0 .0 .0 .0
L0 1470,0  1470,0 e .0 O -0 .0 .0 .0
20 177.4 366.4 581.8 847.4 1208.6 1773.2
1000,0  1487.0 1478.5 L0 177.4 364.4 S581.8 847.4 73,2 20m
L0 55,8 735.1  116B.1 1703.3 I I587. 8 50m
2000.0 1504.0 1487.0 LO 356.9 7E7.S 1172.6  1711.8 .2 3635.1100m
L0 535.3 1106.2 179B.9 | 28667.6 ) Z678.F (6452, 4
IOO0.0  1521.0 1495.9 .0 S38.5 1113.8 _ 1772.6 2593.4, 3732.4 15596.1
L0 715.8 1479.% 2354.% [3440.6 [4940.3 7I63.T
4000.0 1538.0 1504.0 .0 722.3 __1494. 2381.8 [3492.% |S051.1 7669.1
.0 897.4] 1855.8| 2954, A43R2.4 |6221.0 9326.9
S000.0 1535.0 18612.5 .0 08.2] 1880.21 3000.5 _4410.5 j6410.4 9870.2
SO0 1080.1| 2234.1| 3558.8 7521.0 11345.8
000,00 1572.0 1521.0 20 1096.3) 2271.0] 3628.6 7812.6 12220.6
L0 1R263.8 | 2614.9 | 4167.9 8840.8 13423.4
7000.0 198%.0 1529.5 L0 1286.5 | 2666.8 | 4266.F SF02.2 2260.2 14748.6
L0 1448.5 ) 2998.1 | 4781.8 7021.4 10181.0 15565.0
8000.0 1606.0 1538.0 L0 1479.0 ) 3067.6 | 49138 7277.3 10756.2 17493.7
L0 1634,3 | I383.8 | 540003 7939.3 118542.3 17775.3
QUOO.0  162F.0 1546.5 L0 16736 | 3473.5 18871.2  8272.85 12303%.7 20514.6
LSO 18212 [B771.9 b0OZ3.S  8B6L.6 12925.2 Z200460.1
10000.0  1640.0 1555.0 L0 1870.5 [3884.5 6238.5 9288.6 13906.3 23904.8
L0 200901 j4162.4  b6S1.4  9BOI. 4 14330.95 224246.2
11000.0  1657.0 1563.5 L0 206P.6 j4300.7 4&916.1 103R5.9 155468.5 E7832.5
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where, §=62.5%
Therefore, an error of calculated depth is
Err. =1000,"cos(60) /1498.9x1532.8 X cos(§) —1000=—50.1m(5.0%)

This error may become much greater in wider beam angle. When the vertical depth is 500m and the
depth at 60° beam is 1000m, the sounding error goes 1.5%. When the vertical depth is 700m, the
sounding error goes 0.7%.

(2)SVP Correction

The SEA BEAM 2000 provides true ray curve calculation by sound velocity profile correction. For
a wide swath sounding equipment, we must precisely know the beam angle, since a slight off-set of the
angle may cause a large sounding error.

Tables 2 and 3 show the results of a simulation to compute the errors in refraction corrections derived
by mean sound velocity method. The sound velocity profile of Table 2 is derived from samples of actual
CTD measurements.

The profile of Table 3 is from a modeled profile which assumes that the sound velocity varies
consistently corresponding to the depth. As the actual sea has various sound velocity profiles depending
on the seasons and locations, it is impossible to explain all the cases by applying only this example.
The interesting point is the mean sound velocity procedure creating an error of around 0.1% even with
a direct beam perpendicular to the sea-bottom. It is clear that the error of the mean sound velocity
procedure increases as the depth and the beam angle become greater. A beam sounding with this
procedure with a beam angle of 60° produces the higher errors at the depth over 6000m, which are not
acceptable levels.

The mean sound velocity procedure is a simplified processing method, devised in the days the
computer systems were at a lower ability of processing, which had been employed in traditional SEA
BEAMs and many of multi-beam sounding systems. The error of crosstrack distance is also important.
For the deep sea, 100m of crosstrack error may be a problem.

2—2. Surface-layer Refraction Correction

The traditional multi beam system introduces errors in ship’s roll correction of the beam formed
angle. This error becomes greater as the beam angle increases. SEA BEAM 2000, therefore,
establishes a real-time beam forming based on the sound velocity at the surface of sea water, continu-
ously observing the velocity. In this way, it always builds up highly accurate beam forming.

Let’s consider a case where there is a difference in the sound velocity between a designed one at the
stage of beam-forming and an actually observed one at the sea surface. Assuming the beam angle of
45°, the surface sound velocity of 1530m/s, the designed beam-forming sound velocity of 1500m/s and
the rolling angle of 5°, we will get:

(Ithe beam angle at the surface sound velocity of 1500m/s;
45°+5°

(2)the true beam angle at the velocity of 1530m/s;
sin! (sin (50) x 1530/1500) =51.39

(3)the calculated beam angle by the traditional corrections;
sin~!(sin (45) x 1530/1500) +5=51.16°

Thus, a roll angle of 5° produces a beam error of 0.23°. A roll angle of 10° will result in a 0.52° error
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of the beam angle. The error in the beam angle causes an error in the sounded depth. For example,
when a beam angle of 45° will have this angle error at depth 4000m, the errors of depth will be as
follows:
for the roll angle of 5° at depth 4000m;
Err. =4000 x cos(45.23)/cos(45) — 4000=—16.1(0.40%)
for the roll angle of 10° at depth 4000m;
Err.=4000 x cos(45.52) /cos(45) — 4000=—36.5(0.91%)
If there is no rolling, this type of the error never occurs. No correction of beam forming by rolling
will cause the error of 1.39 in the beam angle at the roll angle of 5°. Then, in this example:
for the roll angle of 57
Err. =4000 x cos(46.39) /cos(45) — 4000=—98.2(2.46%) .

3. Survey Results of SEA BEAM 2000

The Hydrographic Department, Japan Maritime Safety Agency installed a SEA BEAM 2000 on the
newly built survey vessel Meiyo in October 1990. The practical survey using the SEA BEAM 2000
system was carried out in the sea areas off Boso-peninsula in March 1991 as the beginning, off the
coastline of Miyagi- and Fukushima-pref. in April 1991 and around the seamount Mikura in August
1991.

At the survey off Boso-peninsula, the SEA BEAM 2000 could get well the data for the depth over 200
m, but could not get the data for the depth of 200m or less. As the sea-bottom at the depth less than
200m forms rather flat topography, data to be processed is replaced by outputs of a 200KHz echo
sounder .

In the areas off the coastline of Miyagi- and Fukushima-pref., the SVP corrections were not perfectly
made in the field at sea, since the variation of the sound velocity was so great. This allowed us to
acquire survey data in shallow areas but the imperfection in the SVP corrections made the detected
value by side beams less deep. But, XBT observations were taken with a very thickened manner, we
are now making the SVP correction in a post-correction mode with these data. We would say that the
SVP re-calculation of depth data is more difficult than the re-calculation by the mean velocity method.

The survey conducted around the seamount Mikura provided very useful data.

Figure 7 shows a contour chart which is drawn up through post-processing. As the processing system
was closely established, this chart was made up only in 2 days. For this survey operation, almost no
sounding error were detected by the procssing of rejecting erroneous data.

Figure 8 shows an 3—dimentional image view map illustrated by using the Pictrography which is a
color picture developing device in a digital form having a capacity of 2048 x 2560 pixels. The
equipement was developed in Japan. Each pixel functions as an excellent color printer, covering 256
increments of each green, red and blue lights. The high resolution of the characteristics has made
meshed and irregularity in colors, which have been obscured in a traditional access, appear clearly on
the printed. Therefore, we imporved the software to divide the meshes in a smaller size. This figure
clearly indicates the details of the sea-bottom.

In February 1992, the SEA BEAM 2000 was improved by using interferometric technique, and an
evaluation test survey was conducted. By the result, the present SEA BEAM 2000 has a capability of
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Figure 7 Contour chart of Mikura sea-mount and it's vicinity by SEA-BEAM 2000 survey in August
1991.Contour interval is 20m.
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of the 120 degrees swath improvement in Februaly 1992.

This chart with 100% coverage survey of 120 degrees swath width indicates that the contours of
neighboring sounding lines are in good accordance. In the area up to 5000m deep,SEA BEAM 2000 has
good capability of 120 degrees swath survey. In 9000m deep area, about 80% of 90 degrees swath mode
proved successful. By adapting the interferometric tecunique, the resolving performance of bottom
reflection wave and the multi beam depth measurement are improved remarkably. Especially as for flat
bottom, the phenomenon such as Tunnel Effect (C. de Moustier and M. C. Kleinrock, 1986) will not
occur. The white areas of contour lines in the swath were placed the steep slope bottoms, and a few
beams in these areas had same reception time from sea bottoms, or the distance in a beam width of 2
degrees was very large. These white areas show a good performance on the multi beam bathymetric
survey. The real time contour chart is highly valuable as it indicates the areas of poorly sounded and
of requiring additional surveying to the survey program planners. It should also be a great help in
dredging as it precisely provides actual features of the sea-bottom. For the vessel Meiyo, the integrated
navigation system also can produce the same chart through post-processing.

Figure 10 shows real-time side-scan records with 16 grey levles 1024 pixels per swath in the same area.
By a comparison with another side-scan record. this record shows detail topography. Figure 11 shows
a post processing intensity map in the same area. SEA BEAM 2000 records additionally intensity data
of 121 beams. We made grazing angle and position correctons of the beam intensity data ar-ld prepared
this map by a Pictrography with 256 gray levels. This intensity map is as good as the real-time side-scan

record, because the beam intensity has 100 dB dynamic range and position and ship’s heading informa-

3455 N

34'50' N

34'45° N

i | i == ¥ R
13925 E 139°30 E 13935 E 13940 E 13945 E

Figure 9 Real-time contour chart of eastern area off Osima Island by SEA BEAM 2000 sea test in
Februaly 1992. Contour interval is 20m.
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Figure 10 Real-time side-scan records of eastern area off Osima Island by SEA BEAM 2000 sea test in
Februaly 1992.
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Figure 11 Beam intensity map of eastern area off Osima Island.

Figure 12 3-dimensional beam intensity map of eastern area off Osima Island.
View direction is from shouth. Color coding interval 200m.
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Figure 14 Beam intensity map of southern area off Izu Peninsula.
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Figure 15 Three paterns of beam intensity measured by survey of southern area off Izu Peninsula.
Figure 14 was made by correction using these paterns. H : supposed high intensity botom, L
: supposed low intensity bottom, LS : supposed low intensity and smoosed bottom.
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this map by a Pictrography with 256 gray levels. This intensity map is as good as the real-time side-scan
record, because the beam intensity has 100 dB dynamic range and position and ship’s heading informa-
tion. Furthermore, we tried to make a 3-dimensional intensity map by using depth data as shown on
Figure 12. This map indicates very detailed topography of the sea floor, such as complex rock wall
and channels. The results of upgrading the SEA BEAM 2000 on the Meiyo seems successful.

A practical survey using the new 120 degrees swath system of the SEA BEAM 2000 was conducted in
March 1992. The survey area is located in the south off Izu Peninsula. Figure 13 shows the processed
bathymetric chart. Figure 14 shows a post processing intensity map of the same area. Bright area
which is the strong reflection area is supposed to be the rock outcrop or rough sea floor. Dark color
area which is the weak reflection area is supposed to be the mud and fine sediment covering sea floor.
The intensity corrections of grazing angle, sea floor slope and beam directivity were made by using
three paterns of real intensity data in Figure 15. This intensity map presents the evident lineament,
fault, with 3 to 5 meter desplacement at depth 500 meters deep which is not able to be extracted from
the bathymetric chart. It is possible that the fault is an earthquake fault which appeared at the
Izuhanto-oki Earthquake.

We tried a simple estimation of data quality by analizing the SEA BEAM 2000 data of the survey off
Izu Peninsula. The data was processed by the automatic rejection program of erroneous data. The
map area was divided into 7 sections, and the data quality was estimated for each section, because the
total number of data was too much about 500Mb.

a) At first, the data was distributed into the mesh system of 150 x 150 meters dimension.
b) Becasue the ocean bottom topography is very complex, only data of flat bottom meshes were
processed.

So there are many kinds of data between 100 and 200 data, such as of different beam angles and 100
to 3000 meters depth in a mesh, because the 200% coverage survey of reciprocate and cross tracks was
conducted.
¢) An approximate plane equation of each mesh was calculated by using all data in the mesh, and the
difference from the equation was estimated as an error. The error was expressed by the percentage of
each data against the equation.

d) The standard deviation of the differnce error at each beam angle was calculated by using all data
of each section.
e) Seven figures of the standard deviations were made (Figure 16).

The data quality of first section seems to be somewhat worse like as 0.4 to 0.8% erroneous, but it
is due to including erroneous data under rough sea condition. Other results show that the standard
deviations of error are 0.2 to 0.5%. The results include the scattering error, the effects of different
beam angles and positioning by reciprocate and cross track survey. The automatic rejection program
of erroneous data is very useful in order to extract a practical performance of multi beam data. And
the practical accuracy of SEA BEAM 2000 is good.
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SUBMARINE MICRO—-TOPOGRAPHY IN THE
WESTERN PART OF SAGAMI BAYY

Kazuki Watanabe*
Abstraet

Hydrographic Department performed the detailed topographic survey with a side—scan sonar and the
geological observation of sea bottom with a ROV (Remotely Operated Vehicle) in the western part of
Sagami Bay.

At the foot of Oiso Spur, there is the seaward extention of Kozu—Matsuda Fault Line. In Sagami
Trough, there are many traces of the debris flow or the turbidity current. A large slumpimg has
happened and that crown cracks and head scarps was observed off Manazuru Misaki. Age determina-
tion by nannoplankton fossils of sedimentary rocks from cliffs continued at the north—side slope of
Manazuru Knoll indicated 0.5~1.3Ma. At the south—side of Manazuru Knoll, there are crown cracks
and head scarps of slumps and many traces of the turbidity current. Manazuru Knoll is surrounded by

some Faults and has been upheaved as yet.
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Figure 4. Side—scan sonar image and the detailed topography off Manazuru Misaki.
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Figure 9 .Single—channel seismic profile

along a line A—B off Manazuru
Misaki in Figure 10. We can see a
slump at the foot of the continental

slope.
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Table 1. Time—stratigraphy by nannoplankton fossils of sedimentary rocks gathered with the ROV
from Sagami Bay.

A ES B MR KE O HERER HH
1 35° 67 26.97 139" 13 35.4” 914m 120~1104#EF YNV bE
5 35° 67 37.77 139 14" 30.8" 993m 129~120H#® TNV bE
6 35° 67 30.4” 139° 14’ 18.1”7 96Tm 129~120074E®7 MM &
8 35° 6 13.07 139 13’ 32.8” 863m 110~ 464 #E
16 35° 8" 11.4” 139" 13" 41.17 78Tm 27~ O0OAEFEH WA
17 35° 137 55.5" 139° 15" 01.5” 823m 27~ OFW4&EHE YNV IE

Table 2. Chemical composition and C. 1. P. W. norm of a volcanic rock from Manazuru Knoll.

RECM A EESS 67 26.97 ZEEI39° 13 35.4" KEIldn, BHEAMAXRE

b F H1 Bk CIPW/ILHER
Si0, 49. 19wt% VagE S 7.33
Ti0, 0.96 EERA 1.11
Al.0, 18. 94 WEA 16. 25
Fe:05 5.48 KEH 42.56
Fe0 5. 40 FaAX T4 12,75
¥nO 0.17 INAIR— Y — 8.50
Mgl 4.22 B gk 81 7.87
Ca0 11.78 ANWAFA b 1. 82
Na.0 1. 95 Total 98.19
K0 0.15
P,0s 0.06
H,0" 0.39
H,0* 0.22

Total 98.91wt%
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Geological Structure and Topography of the Amami Plateaut

Yukihiro Kato
Abstract

The Amami Plateau is situated at the northwest part of the Philippine Sea Plate. The plateau is
characterized by three seamount chains, which trend east-northeast. The north seamount chain is made
of submarine conical volcanoes. The center and south seamount chains are composed of ridge-like
seamounts trending in an easterly or northeasterly direction. Small basin, which are elongated in a same
direction of central seamount chain, are situated between the center and south seamount chains. The
southern slope of these semount chains of the ridge shows horst and graben structures. The Kita-Daito
Basin, which is situated between the Amami Plateau and the Daito Ridge, has two magnetic lineation
which strike N10°E. And the northern slope of the Daito ridge shows horst and graben structures. It

indicates from the above that the Amami Plateau is separated from the Daito Ridge in Eocene time,

1. Ftoic

T4V EETL— MEKEETL - e EoRENTHEET V- P EIBREY, BESSNLHEE -/
R, =) T HRERL, BFEOBR (HEI) BLUrthicHlT2FNEBE» BRINS
(Karigl975), HBILD W DIz DWW T, D 5 OSBRI EBHIR0HRIB, DSDPIZ & 5 Dril-
lingBAEITHNTETW B, HEROKEFEEKL TWwd2H74 ) EVEET LY — F OGRS & 17
WY 2T — 2 SR BIRTH S, S, 74 VEYBETL— OB TRLHECWEEE» LR EN
5 L EZ LA AL KREHSRIE IR DWW TiE, MEERIMO & 2 A1, #EiEE»rA 7k (,
B 72, FOBEGBRRIC O W TII TR L S0 %,

KEEEBTIE, 74 VY7 V— MBI BWT, BEIE, HELCHERGET — 7 0B 217> Tw
b, Bald, TNLNT—F AV, 74 VY7L ORBGBENL NV EEZET AOEEL HEEL
Twwd, BRIz, KEHEEEEOKREWE, RSO REE BE 217> T & Tw 3 (E3Mb1986, 7 A 11986,
P EEL1992), 4rlE, KEHEHOLL TRLHVHEER L N T IEEERRICOWT, WE - WE
BEnRE+ 1T, EEEEOHEBRICOWIH A TARSBLOTHET 3,

t Received
* kEEWIFAA S Continental Shelf Surveys Office.

Report of Hydrographic Researches Vol. 29 1993



52 Y. Kato

2. ERT—4

SEERL 727 — 713, HEERETFKEE, BR62ERUIBH3EIZHEN (¥ 0k TEBLAX
BEMEEOR, BMENh2LnThs, KEMFE TR, BEEFECS BEEEBO®RE &) (—IBi, 10
WERE), Fo—<F b —L0HE#E (Seabeam System) 12 k& 2 ML, = 74> (352chi) #FHiF &
THLY INF v RANVEREE, 7u b vEAIC L A HMBESHEAE, EARERIT-Twd, 85
12, 18F v ¥ ANBLUUT v ANDILFF o v FVERFEL & VEMERL 2. 2B, #HEOHME
2o Cid, MR (1989) RUomiEM (1989) THR~NLNTWRNT, L5 L BRI, iz, B
TREBRLIMIRIC B W TIE, —LRIBFI48E 2 LTHEICHEM L LFENT -7 Lt THAL T 5,

3. BEBERLEROHME

BEBEVMET L7 4 ) E7V— ol N7 rEgdsEfe L, dflizdEst 77,
BARCRERAESEEE T2~ 7 77V — TS, 74V EV BTy — D2 —5 077 L — MZiT
HINHEEE L, dEEBCIIHANWHNZ den yrTH S (Senold77).

BB EEILIICEAAL 7 4 VT L — b Ry, A S EREES, KRESR, PREREN
BEFE LW LELE-EEEmoERE L, 9% L Tw5 (Figure 1, Figure2), 72, &4, #45
DEFERIZDWTUE, FU v DIz d VRIS 2 B8AS°DSDPIC & 2 DrillingH&ICE VL 223 T
5, WERGICOWTIE, 82.4+2.2, 85.1+2.1248.5+2.18 L 1¥69.5+2.0, 75.1+£2.4 (Ma) »K-Ar#¥
RAEL T2 (FHEM, 1975, Ozima etal 1980), £72, REMSICDWTIL, 59.0£3.0ManK—Ar
ERHRE SN T2 (Ozima etal 1980),

MEEemA OMICIE, BERERE, LAERA, BAREBAYSMH L, BETICL WL o0, R
SAELTW5B, BERE & KEEESL, FoREAR, BELFERL2 HHESEECRY LN T 577,
HIERBE DS — » PHIRILORIUEE TR TWb 2 &b, BEBEICESLNLIEE ) LRI
DEEFTDFIRIMD FIILARA TV S LHEFEEI NS (IRE, ©F1989),

WHRGE DA O RFMEE, KFEEEIC OV T, BEe, KEBEHXEMRET — 5 2By, ok,
WEBEORBEC DWW THEESIN TS (G 1986, FHIZ21986, WEF, MEE1992),

4, BEBEOHE

WHEWELIZKES, S00mMOFEFMB £ Lz ek Yo ki, KEAAIZEV: 3FI0EF ) 2 HE
THMFMALEE ) ThE (BEEEE, BROFET, BEABRICERERBLOBLZ BRI TES
T, BUYPD > T2 EHROEEZ N ICEBL, BAE LV HIWEEBEPEZ LN TWS, L LEKRNES

(Plateau) & 13 8% ), IS/ 5 KEBESL P ARIRE L ENICEL TES T 2RNEBEWIEIFEL L
o) (Figure2), Z /3T, Zo 35Tl & 4s» 5305, dRFl, @5 & RHRT 5, dehli, M
ROWILL 725 B WIZZ 6D HIEES L 2 &, S00mEi#niEILL SR E N2 FIDFEHER Lok
BRI, WEN2,000maigll (FEREL) »HET 5, ZOMEILZBFEZAY I IZRERID KEM T D —
e > T EY, FRERRLGO L TRERESOESE LES L TH Y (Tokuyama etal. 1986, #1111985)
Flo—erEz b s, —H, WFIOFERE, BELUETTERLVEIZSH L Tk, J65 e i
F & DEICIZ R L3t 2 W RAETRICHE D » TERSPICEST 2BEHITFET 5, BEBADVEEST
ZACFIDTEFAE L T2 F RS LB ER T 2 FHICER L 2B T TR E, ToEM» b BEOES» A
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Topography of Daito Ridges with the major topographic names,
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Figure 2 Topography of the Amami Plateau and adjacent area. Contour interval is 100m.
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), BREREANEHC, PRINNTITHEE S U5 U0kmD Il (B EEL, HCBEL) RORE
132BE305y D & D WO LEFHICIE L 5 5 3 T0kmiEIL (BENEL) 2 5Bl E N5, FRFI0ELN G b
gL, ACRHE L ERE L SESORE L o Ty s A, HEERL L wAEILNE, LR, g
BMER R OIS L, BEEATEE, EROTEREE L, ENHLHBERL T2, EIITEEI2E
305> & VS TIEEEH BN U S & 2402 5 60km i1, 0005 5 2,000ma dg 48tk o g 2 5 B &
b, BN IAREIL, BTESNEHMEEL > Twd, —HOLKREEZROMEIZIE, W{Drnr
FHEL, ERFEE LER L TV 5, BHIORRIZEINS 5 5 R CIIEl o & 5 ZBEICH U
HHERRSH SN % ), S - 227 A lHAOFR I M T 58l & RBRESMHFERMBIL» L 5T 5 &
G2 B, PRI EEYIOMICIE, BEIIE102 5 15km TR 407 5 60kn ) fiE WEHLAHESE R O HELL 12
T 2 &5 LB THHT b, £/28EE132E304 & D HIC AR A ISR 22 TR10km, 2 70km) R 0T
HHIET b,

EARF A IR IR NER B L ORBET ISR MBI SNBSS T b, L)
oY, HERIESVE IR L T 2 WEINEE S X THEBERIR LV AXZMEE, BT 4 ) E il
ISR RO LN E/NBHEE 2OHE, S, BIERHTETw 5, 72, BRENOHBIZRHIEEISED
IO TRRIKE (L 2ERPED LN 5,

5. BEBAOHMBERE

HEER

BEBSBADTT 20 7T » Y ANOFREESFV, BEIBS 2B T 2108+ TN B/
& - T, s sApX, AplV, Apll, Apll, Apl 5 BIzX4 L7z (Figure3,4,5),

ApXBid, FENMEEVE T, BEBSHERZ L, B — 7RI TIRBEEICEL T 5, HiEH
DVEIHFREEGLHEET L LADX B ERBSENER L L TR ERUC K » B AN EEZ LN
5,

AplVE L, BELROEEHTH L1 ELHTHWRHEHFL TR, ApXE LIRS I NG, RIEILFILAE
T THOAPX B L IBRERICH D, KRETHNENS LEZ LNLApXB LERBRCHLZ L7 h
KOOI & HE I NS,

ApllBILERT 21k » &N L HEIH 2L, €EBR0 LOBERCILAREBRECHHT HHETH
5o Fi2, BBIETHOAPIVEBIZHLTT /Ny b4 5, @ PRANOEICHFET 2 BEMEBY R L
TYWARDIGAPIVEL T TH D, ApllBIZTEHRE N HEFIEE T 2ROOMETH 2,

AplIJEIL, EE T 212- &) LI Hi 285, €£EBAD LOBER L ARER, LEREEHOIHH
THHBTHL, THNOAPIE & IZBEBERTH L. AplIBIIERES Eop Ry & FIoMOER TIL,
BB AT & b THEWRAHEZ2TRT,

ApI BI3BLUOTENZ2RE 74 Vv BRORBIE( BT LIHETH L BHILEHED 5 ITH
PEBENRVCVEERF OB TH L, BEIE, LERELTO.4H (FEMDE, LITRHEE) Tho, ®E
WEIGE DI DN TEC 2 D0.3~0.20 & % %, dLAEBETIZI0.IBDES 2150,

LRENFEEF L, Tokuyama et al. (1986) B & OfELL (1985) i L 2&EEBEICBITAFEEF L
842, ApXBIZEIZ, ApIVEIZDIC, ApllE & AplllEIZCiz, ZL CApIBIZAXBictbT5 2 &
7T &%, Tokuyama et al. (1986) 2 &EIcE 2 HERE 2D, BETIRET—SIIHFEL LW &
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Figure 3 Geological map of the western part of the Amami Plateau.
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Figure 4 Geological map of the eastern part of the Amami Plateau.
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Hit

Figure 5 Geological profile of the Amami Plateau. The location of this profile show in Figure 3.
ApIl and Aplll aren’t exposed at the seafloor.

» 6, A ETokuyamaetal. (1986) DFERE 2D F RV, LAd-> TEROHERIE, ApXBiiriiA
Hit, AplV/EIZPaleogene-middle EocenelZ, ApllJE & Aplll/gilate Eocene-early Oligoceneiz, Ap I8
i3O0ligocene LABEICARS § 22 L &% B,

hEBE

BERBAEEIERICE, 74 VEYETV - FPRARDBEC I DRI NEE L, AL, KEE
BEROTRE NIBOBEIZHLNE,

KA TR S 2B olE & L€, BRESOPRTILIE, &R » T, BEFmL W
LA~ EER S AOEMEIHEECH L, TN L DIEEIL PRI L EHORIBERE 2 FIE- T
%5, EYEBLOILARREEMOMEIC WL DOPBH LG F L, BEREELZEEL 20 & AR IENE
THEHRINTW5,

T4 VTV = ARARATRICERE N EE L L L, BEMc, PIThRolE»RS LN
B TN LOWIE ISHEDATE CHET 5 ERES LoOBATEHICHE IR EL, RBOApIBE T2UI-
THY, BEOFEBLIFEEL Tw 2 THREIE V. T2, BAEERE CHREREIOE D (icoNnT, HE
AT B AR I ), 512, AR LAREEFAOBE LAAL TF0BRIKE 25, —HE
EgadFlicly, Lif--FEEEFMONBRIBHENL L)L b, ZNLOMBN—ICiEH & L2
CEBTNORS 2 FOREI RO 5 N5, EFELCIREBLOEEICHIEI L 2 BEIEL T,
ik

SEDAETIE, 77BN TF 2 —> Ny 7RIRBHFE A TR E1T- 72 (Tablel), £ 5 %6313
DOLCH VT, SEAOMn/ V2 —ADHREEN, /Y2 — Nl L TEREFRESN T, TREDE
EH A Table2i2 R,

6. HHERER
BEBAGOWRET, EEFIMICHOUS 250, F4R—NVEREPBEETHS (Figure?). LMo
A R—VEIRETE, WHEOBE TR, FIcESL, Bens 4 K- NVEBEER, EcoMgEkEilic
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Table 1 List of bottom samples.

No.| Site No. Position Depth | Samples
Lat, Lon. (m)

1 6312D01 [28°04"'.9N [134°14'.6E | 1500m |Mn nodule Foraminif-
eraous sand

2 6312D02 [27°06'.1N |132°49'.1E | 4200m | Silt
6312D03 [27°04'.3N {132°50'.0E | 3400m | Mn crust, Pumice

4 6312D04 [28°14"'.5N |133°20'.4E | 2760m | Pumice, Foraminiferaous
sand

5 | 6312D05 {28°13'.5N {133°20'.9E | 3400m | Pumice, Foraminiferaous
sand, Tuff

6 6313D01 [28°06'.7N [132°15'.9E |1143m | Mn nodule
6313D02 | 28°32'.8N |132°17'.2E |1700m | Lime stone gravel

Table 2 Chemical composition of Dredge sample (wt%)

Si02 Ti02 Al203 Fe203 FeO MnO MgO
43.16 0.98 16.29 8.74 2.40 0.440 6.35
CaO K20 Naz20 P205 H20(+) H20 () Total
8.86 1.73 3.67 0.330 5.94 0.34 | 99.230
6313D01

MIGEL T2, @l 4 R—NEBEAREIL, 0L OIZH~EBRLFEIGERL 2B L2H - T,
ZOHRETNZ, WEo, PHICHELL Twb,

W & R BREY & 2 HET 5 &, 651 & B5HE, BT 2 74 K- VEHBEE R ENN»EH 554
WSRO Tt » BN LT 25, MIET 5 74 R— VB RE LD s Lk v,

—7, BERGOHE, KEHEE TOMICEE T 2 LAEEE IS, wBoRRICIEBERE Y, BIE—7
BEH AL W UEEARICHUCLIREOFOIRONMBARE»FBZH LN L. ZNHOFREEL, JLRE
BEPICHHT LRAAE—FEEE MU 5 MR LT TH b, T2, TR EREBILHOMTIL,
WREFE»TNTBY, 20OMBICI 7027 —AWBPRES NS, BITREAMICOV L HREE,
FHEHIRLG B L0, KBTI, (1976) CTHEI NS, TAEBEOFRMBEEFE RN THL L
EZbLN5,

72, WEEECAKRBECES LN LIEBEHMOMBRERE L5 — i3 - HEEBEE TEUN,
FDOFMIZAZ AL v,

7. BE

BEBEOTMSE

WEERIZ, BRENZAREDSH (Tokuyama et al. 1986) * B kiEL (Nisizawa et al. 1983) 12
&0, BEOBMH—WELMHEEE NS, LrL, BEESNLEETWLEMELET2 L, B, &
BEFZL I edb, B—aBIRE LT, BHRICEBHRINZEEEZIC Y, 4L, BREBEL LUHE
SBHEENT— 2 2 By, BEBA»ENL ) LBINTH - 2rnETRAT,
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BEBRIIFEBHMOEROHEILTID SIER I N L2 BAFROMBIIIENIRE 2 »Tw3, Bhlrs
e, BESoOSEL, HEEROBILTE VMo BERER L BRL Cwb, —F, #5lh LEAlTig
B F, BRPHECBESOBE S - T8 Y, Bl TS~ L ERL Twd, FRERLHF T,
EREOBEIE, EMBICL > TERINN—7 77— THEI EHmAIN S,

JKREHRE 28 A CEMNCIE, KEBEVMEL T2, KEMHE L EREES & RFHER mo—i&E
EARTHETH 22, ZoEshm e LASE TR, WEARECRL), EHRE L - Twd, KEBED
BRSHE L, B—0RBER2REIC > Ty oz l, ABHSEIE v { 22 DBEROMEE2 2L T

(CEHIZ21986), HIZBITIE, I ORFECROMIE, KIEEEHISER L T o227 5, HBIELE
ThHLIEDHhd, ZOLH)ICHKEREZHATHEELICAET 2 BEER & RBEEAEOWMAIC,
BB CHRENZ) 7 FHEARIN TS, 200 7 ML LREREICED L N5 ERIBREEED
FAEL, POTKEBEEERREE, 120BMERELCE), 2B 774 » 7HH8RI 0 g
EHZR D 5 e HRARFEEDPTER SN, BED L J I KEEE» L EBEBA»HHL 22 2R L Twa,
L, KEMEESEREENY 7 bl e, RERE & OREREIBN TE L TIRITERRE L
THEBEL TB I o2 bnde§iud, EBREREBEIKFMEH & 8L 2RI, KEREN S T7—~rT
TN 72DSDPsite 7" T & THOWEE R T (middle Eocene) # & L RKH MR 2 ROHR MR
BEVERENLEOBIREEZ 5D,

F/2, BRBEEAICBITHRMBEAEEOSHIE - LEEBRELFEICIES NS Z LI, ZDopening
13, BEELEICELNZEE2TREL Twd, Lizh > THAEBR, &8 L 72 013 #E E LIPS O 5

BAENEBREEE) NAT, TNIVEMUOBFIIZHOTEREINLEEZ LN, 20BE - LEBHEIR
WITNOWMBL CEBL - EHEI NG,

HXREHRELAL C, HAEBMAETT S &, BRBAOEINL, P —~hE 20, S 5I2KHEE
DELKREENFE > THAEBOEE N L —#IZR ), 1O0BE) 2HKRT 5., L T&EES* 4L
FIORSEBEOEIU» S HTLEIRE X 5,

AREE#MZ DICHD, KEMEAZCRNINIZANER [TRE] OMBUTORBENH 2, 8LV,
Biw#Em e HO L KEMRES RN 2 Ici@#oEL+RL T, 34, EEBEATROWERIL, BAE
BEKZCHBEIN T RAGEGRKRERICLLDTH L LR, B#NELERLET,

s £ X M
REEG - REER - WE K- FR K- NNIESR - MEEE - IS - WHEMK - WA&RF | BE
W BER O KA AT ER, JKEEMREUR, 7, 2538, (1989)
W W OKTAER B BE | AEEBERIoONEEERESR, KMEIMERERE, 21, p49—64, (1986)
Karig, D. E.  Basin genesis in the Philippine Sea, Init. Rep. Deep Sea Drilling Project, 31, p.857—879,
(1975)
FH R RS KEBERLEROMBR - EHERY, KEIUFRRE, 21, p.65—76, (1986)
ORESESL BB - & B - WARE | BRES IO KA SR, AKEESEHR, 7, 39—48, (1989)
DIEEEESL - & FREL - R X MVEREBREILREBOMERE, BARWEYS, HI6HATMIAL, p.469,
(1989)
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99—101, (1975)
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Seno, T. : The instantaneous rotaion of the Philippine Sea plate relative to the Eurasian plate, tecton-
physics, 42. (1977)

L EEEDS &Rz, ATHER, 712, p.700—708, (1985)

Tokuyama, H., Kagami, H. and Nasu, N.: Marine geology and subcrustal structure of Shikoku Basin
and the Daito Ridges region in the northern Philippine Sea, Bull. Ocean Res. Inst. Univ. Tokyo,
22. (1986)

Report of Hydrographic Researches Vol. 29 1993







KESERFFERRE 295 P54 3 A30H 65
REPORT OF HYDROGRAPHIC RESEACRCHES No.29 March, 1993

191 FE BRI & 5 -7 # & BIIRE)
— K B ER AT & BR#ART o) EE 8% —T

INH% Er - BORE B> 4 Shrr BB EEP - RE B PHI iR
BRB—xx FFE R . (EIEE

RECORDS OF STORM SURGE AND SECONDARY OSCILATIONS
INDUCED BY TYPHOON No. 19, 1991.

Minoru Odamaki* « Fumiaki Kuwakino** + Takanori Imanishi**
Shigeki Fukushima** - Hiroshi Matsushima** + Hiroshi Nishida***

Eiichi Suzuki** - Misao Ishii**** and Kiyohisa Ito**
Abstract

Typhoon No.19 attacked Japan in September 26-28th 1991, and caused severe disaster. Its magnitude
has shown record figures such as atmospheric pressure low 935mb at landing on the Kyusyu. Its moving
speed was very high and accompanied winds were very strong. Then, the typhoon caused severe storm
surges in various coasts around the western area of Japen. In this paper, the strom surges which are
shown in the records of tide gauges of the Hydrographic Department, are described.

In 7 tide stations, the water heights at the storm surge exceed the former records. Comparing the times
of the highest height and the lowest atmospheric pressure, they are not always matched and sometimes
delayed, In some cases the highest heights occurred at the times of the winds blowing against the coasts
and sea water piled up to the bays, and in another cases its occurred at the time of the returning uplift

of water hegiht induced by the secondary oscillation in the resurgence.

t Received 18th January 1993

* i LR AP Maritime Safety Academy.

%% HERER  Coastal Surveys and Cartography Division.
* % % FEEOEFXE LRELAEE Hydro. Dept. 4th R.M.S. Hgs.

% %k % % FNEFRE EFELZAH  Hydro. Dept. 6th R.M.S Hgs.
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1. Lo

PR3EI ATE»L28BICH T CRAZES L 2619513, «ECHE-THWL7, AF1,796, HEy
DERH TR, TRERAR69E (UL TRE ] 1914118512 L %), #EEETEFRTY 2 OmBRIEDRS
FAPEEE AR T 5 20 &, RELWENIM, TOERTIREHFO L2 5EL, BBERNET LR
izl 72 2 BEER  BRNEROMEREFI T, 1AL ZATHERSHEERIZ(B1IE), 2o
BAE R LORED T2 OANAMEDP - 127215 T% , RLTHNICHE L, 2280 RE IR L 2Kk E
FELENA T2 L ) Thb, 512, TOBRAEIBEREELME (, ZHOBREFTIE, 4R0BEE, B>
TR BRI N TREEL 22 L BbN 2 K& ZEIRSI»FHEL 72,

PlRick9ie, 4EDO2:»E0BRMEHEIL, SBOBISROBEELER L L bLEZ N2 8050
TleHEL, Bt TBCZEELR,

%8B, UToORBEOPTE, MEMBRO LICMIZE->Twb E2H28E, TRMKZ>TWwdEZbh%
WL, BRUBIRLEORS, BREEREHL Twa,

Table 1. Highest water heights induced by Typhoon No.19, 1991,

BT {Fi# (Obs-Pre)  E#IfL Highest IR A E

Tide stn. Deviation Date Hight Former value

f1% Mozi 2.2m 27d 19 . 00 3md4 1980/9 3 m 03
4% Hakata 1.7m 27d 19 1 00 2 m 84 1966/8 2 m 61
K4y O-ita 1.0m 27d 21 : 36 3mld 1980/9 3 m 03
1l Tokuyama 1.9m 27d 20 : 40 4 m 20 1980/9 3 m 90
J5E Hiroshima  1.8m 27d 22 : 45 4 m 96 1955/9 4 m 60
5 Kure 1.5m 27d 22 . 45 4 m 85 1978/9 4 m 48

{above Datum Level)

2. BRI19BDHE
% 1Ka, bicEAIIT BB & BETOMNELRT, [KBTOLEREEER (B3 EHE42S) thh
i, TRA1951E, BEHERF 2B CAR TSRV TRIGRIC R (R.O0RE0mb, HKREE0m/
s, FEFEI00kn) L72d & HAEWZHRICHEL, 288 12 KB TRV TIMEERE B2 BICH LR (ROLR
JE955mb, FAMGEAOm/s, FAARESOm) L, FHEHICA R— Y ZHEIICRT 72, —hig—, EEERCH
DEREH40Mb LT TH - 72 nid, BBI46FN K23 LIR2ELR) TH D, T, HE, HhoEWEET
FAUC L B RELWE (RE-FHEELTHER) 4L, S2{NRRBEETRANEDGEHET EHL 2. —LL
TEE ], ZOBRBICE B72HEIZOWT, /R (1992) [ LT, REFMEOBHN TRAREISen % 12
Z72L 0320582, FRHEBEZHOLTAINERECEPNEER TR Zor@ldRs Lz, BAEE
(EHE— W HEE, o—p)id, AHIBOKEN26emZ AL L CSMEHMCEBELEH L, 42, &
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INDUCED BY TYPHOON NO. 19, 1991

28d 09:00 970mb /

-]
27d 09:00 935mb
o

o

26d 21:00 940mb
&

96d 09:00 940mb

Figure la. Path of Typhoon No.19, Sept. 26-28th.
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Figure 1b. Location of Tide stations.
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INDUCED BY TYPHOON NO. 19, 1991

BEMI o EeekIE, B (TPL275em), F% (195cm), ik (187cm) 3 +FATEIHEN, S HICEHED
SIERAYT, ERE (1992) 2 ki, BEREBEOESIBCII2THE 3 BICHEREE6.9m (BREZAD), BB
BOBITETII27TH 1% 5 BHOEHEE5.5m (BRENA) 2288%L 7,

3. BRI BB NG

(DhmALEER

BIR19E I, KETIEEICHRWERO F $935mb & v I B THEWHLRES b - T 9 A27B 16K EER
By LR L 2, 2ok, H80kn/h& v BvEE CARICES, BFTREREMNEZBEL TR
MEICHRIT 7. (AR, 8%, MROBRERHIGROE TIOEC, BRRREBRNEMIZS. -2,

HEHR 2 — 1. BADEREL 2278168205121, HARRZEo—pi3#y115emizE L 7247, (K &
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L

Figure 2-1. Tidal Record, 1991 Sept, 27-28th at Sasebo.

Figure 2-2. Tidal Record, 1991 Sept, 27-28th at Hakata.
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Figure 2-4, Tidal Record, 1991 Sept, 27-28th at Mozi.
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Figure 2-6. Tidal Record, 1991 Sept, 27-28th at Tokuyama.
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Figure 2-7. Tidal Record, 1991 Sept, 27-28th at Hiroshima.

Figure 2-8. Tidal Record, 1991 Sept, 27-28th at Kure.

Report of Hydrographic Researches Vol 29 1993



74 M. ODAMAKI, et al

B TFHRTIEL 302> S RBICERL, 20 0GB E F TERIB DL, F#TRIOBET -
ETHROFN T2, 20 0 106D 5 20— 3022 TR 2R L2248, 211 00UEICI3ivE L B ) OFEIR
o7z,
(3HAE R

<KH> #2—-5X, 27H15: 00E F THA0mDWHIRETEL L Lo 72h%, 20 00BELLKE( %
D #hs, FERINZEERHAW2L D 00TiZRKk e 2D, 21 BiciiBAREEU2 3 ml4 (DLLE) 27
L7zo 220 00LAREIZ 70 2 LRI BBIC/NE (& D, ARIN1205, SRIEN20cnd BIRE 2 BN,

GELD> B2 -6, 27H16 . 00D L EHIRENRE (A NIILHE L L DS, ¥—T7E— AT
BRI K - 72, BINRZESTI D 25EHICL. Im e ek & - THE 2R L 2%, —BETRL 6 1
L, BT EEL -T2 0FICBHUREM 4m20 (DLE) 2R 72, 221 0Lk, SR 808IC
INEL Y, B0 EEOBIREIHE L 12,

N F
HEUE, 2THNR, BRBMOBERELEBL 22, [EETIE, 20MEICR [EIEKBRLBE LR -

72

B P9 ¥2 % Kanmon-Ka ikyo

QDalba no Hana b2
he 1‘:’:‘%(735

B £T5H Light House

A HFiE5 P Tida! Current Signal Station

O HIWiNsE®E Tidal Current Monitoring Point
e R¥Pr Tide Station

Figure 3-1. Tide, Tidal Current, and Weather stations around Kanmon-Kaikyo.
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Figure 3-2. Atomospheric Pressure Record at Hesaki.
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Figure 3-3. Wind Record at Daiba-no-Hana.
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Figure 3-4. Tidal Current Record at Hi-no-Yama-Sita Tidal Current Monitoring Point.
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Figure 4-1. Storm Surge induced by Typhoon No.19, 1991 Sept. 27-28th, at Sasebo.
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Figure 4-2. Storm Surge induced by Typhonn No.19, 1991 Sept. 27-28th, at Hakata.
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Figure 4-3. Storm Surge by Typhoon No.19, 1991 Sept. 27-28th, at Izuhara.
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Figure 4-4. Strom Surge induced by Typhoon No.19, 1991 Spet. 27-28th, at
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Figure 4-5. Strom Surge induced by Typhoon No.19, 1991 Spet. 27-28th, at
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Figure 4-6. Strom Surge induced by Typhoon No.19, 1991 Spet. 27-28th, at Tokuyama.
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Figure 4-7. Strom Surges induced by Typhoon No.19, 1991 Spet. 27-28th, at Hiroshima and at Kure.
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Relation of Tidal Responce and Tidal Currents
of the Connected Straits of Japan Seat

Minoru Odamaki*
Adstract

Tidal current in the strait is induced by the difference of independent tides of both sides, and its
strength depends on the combined impedance. In here, independent tides mean the tides occurred in both
side of boundary if the strait is closed.

In this paper, independent tides and impedances of the straits connected to Japan Sea are discussed
using the simple one dimensional model and the observed data. Resultingly, the combined impedance
of Tusima Strait is larger than those of other straits. And in Tusima Strait, the gulf inpedance Zg of
Japan Sea is larger than the ocean impedance Zo of the outer sea, East China Sea. In other Straits,
Tugaru and Soya Straits, Zg is much smaller than Zo. Then it is made clear that in Tusima Strait, tidal
current is caused by the co-oscillation of Japan Sea, and in others, Tugaru and Soya Straits by those

of the outer seas.
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Figure 1. M2 and K1 cotidal charts for Japan Sea.
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Figure 4. One-dimensional tidal oscillation

model for Japan Sea.
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Table 1 Tidal Impedances in the straits.
Ho: tides in outer seas, Hg: tides in inner gulf (Japen Sea), L: tidal current flux, Zg: gulf impedance,

Zo: ocean impedance.

Ho Hg Ho-Hg I Zotlg 1g /)

Tusima M2 85270 2 174 87 271 2.14 351 0.41 280 0.43 270 0.07 21
S2 35300 3 44 36295 0.92 1 0.39 294 0.52 269 0.23 45

Kl 25218 3320 26 212 2.01 294 0.13 278 0.11 270 0.02 323

01 20187 3281 20 187 1.71 258 0.12 289 0.10 270 0.04 345

Tugaru M2 30 90 7 94 23 88 0.83 167 0.28 282 0.01 91 0.29 282
S2 15136 3 104 12 142 (.28 226 0.44 276 0.00 178 0.44 277

K1 25150 5 4 29 165 1.34 206 0.22 309 0.01 90 0.22 308

01 20 165 11 294 28 147 1.04 196 0.27 311 0.06 259 0.24 323

Soya M2 20 90 5345 22 104 0.36 112 0.61 351 0.00 271 0.61 352
52 8120 3110 5125 0,09 216 0.56 269 0.00 189 0.55 269

Ki 20195 4350 24 191 1,01 236 0.24 315 0.00 90 0.25 313

01 20165 5326 24 161 1,03 193 0.24 328 0.01 90 0.24 326

em ° em ° em °  x10° ° x10°% ° x10°% ° x10°® °

m/s s/m? s/m? s/m2

WA T, MR TR NAEW Zo 1L, FIRDLIICAR—Y 7HWIZIEN > TWELNEEZLL
s,

4, BEEONEEN

LIREWIE, HABOBEHR~INBANZ2EZ LR T, 48k, HAREOBEERBICE T
FIUTHE L TkE A B MBI NE, 22 TR, BARBOEFRE A2, Eko L kTET
NWEF > TnABELEERIIHT2E—FE A=Y R OWTHREL 72,

VAR T s IREE—F

FiRlEIC BRI E £ 5 2 C0.2cpd (cycle per day) #*52.1cpdF TOREHICK T 2IRET— F 2§
B, MEEE (B 6-1K) TiE, 0.4cpd (60hour) Th r ) FEOFICHEIVTE % BEFRSE) (Helmholtz
mode) & % V), BIEEATE & B I THIV AARBENNBIZBET 2, Z L CL.8cpdftii T 2 FH D&
EOBICTE, L)SRECINEOREE 5, EEEE (E6-2X) TIiE, 0.2cpd?51.7cpdE THA
WBIE—RRIC LTRSS L, B, & 253 CREBAVN2 (%), 1.8cpdTHAEMEATICE I BN L, TN
Bz, EEEHICL S L 5IMICY <, FEER (B 6-3 ) TRR—HL L TIREH . depdfPE TR D
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Figure 5. Examined sections of three straits.
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» Figure 6-1. Oscillation modes of Japan Sea according to various frequencies for Tusima Strait.
Numeral attached to line means frequency which unit is cpd (cycle per day). Vertical axis means

amplitude which scale is arbitary.

Report of Hydrographic Researches Vol. 29 1993




Relation of Tidal Responce and Tidal Currents 95

TUGARU

;\l 1T ] T T 1 7T Ivl T T 1 ]Tl l!lrlllll[,ll

0.2

|
0 5 10 15 20 22
1] H T | l E | T 1 ¥ l v ¥ 1 1 { ’ T i l TT l T1 I LI | T I
18
19 ]
21
i 120

1 1 ' H 1 lll]nLJ;nl..'

Figure 6-2. Same as 6-1, except for Tugaru Strait.
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Figure 6-3. Same as 6-1, except for Soya Strait.
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OBSERVATION OF 1991 JULY 11 TOTAL SOLAR ECLIPSEY

Kaoru Koyama* - Masayuki Okumura** + Yoshio Kubo* and Tsuyoshi Kato*
Abstract

Observation of contact times at the 1991 July 11 total solar eclipse was made by the Hydrographic
Department of Japan (JHD) by means of flash spectrum cinematography method. Reduction of the
observation gives the following correction to the relative position and semidiameter of the Sun and the

Moon to be applied to the tabular values in the ephemeris:

A (As—Ay) =—0.20"£0.02",
A {Bs—pBy) =—0.50"£0.07",
A {(5—rny) =+0.51"£0.02”, (46154)

Comparing this result with those for the past eclipses observed by JHD by the same method, a
significant change in the radius of the Sun is perceived. The effect of errors in the lunar profile charts
on the result is also discussed.

Key words: Total solar eclipse, Contact times, Ephemerides of the Sun and the Moon, Radius of the

Sun.

1. Introduction

The Hydrographic Department of Japan (JHD) despatched an observation team to the total solar
eclipse of 1991 July 11 which was seen in Hawaii and countries in Central and South Americas. The
purpose of the observation is to determine the accurate position of the Sun relative to that of the Moon,
of which the latter is assumed to have been determined accurately enough by lunar occultation
observations, in order to maintain and improve the accuracy of the tabular values in the astronomical
ephemeris.

The two members of the JHD observation team, Kaoru Koyama (chief) and Masayuki Okumura,
acted as constituents of the official Japanese expedition to the eclipse sent by the Japanese Government
throughout the period from the departure from Japan to the return.

The expedition consisted of eleven members from three institutes, i.e., National Astronomical
Observatory (NAO), Kyoto University and JHD with Dr. Hiroki Kurokawa of Kyoto University as the

leader. The main group of eight members including those from JHD settled the observation site in La

T Received 25th November 1992,
* Geodesy and Geophysics Divison, Hydrographic Department
% % Bisei Hydrographic Observatory, 6th R.M.S. Hgs.
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Paz, Baja California Sur, Mexico. Meanwhile, the other three members from NAO made an observa-
tion at a site near the top of Mt. Popocatepetl near Mexico City.

The members to La Paz left Japan on June 11, 1991 and went first to Ensenada on Pacific coast of
Mexico, where they received the containers of the equipments which had been shipped from Japan
beforehand. Then most members proceeded to La Paz by rental cars accompanying the trucks which
carried the containers from Ensenada to La Paz, and arrived in La Paz on June 17. Meanwhile, Dr.
Kurokawa and a few members flied to Mexico City for various business jobs and then to La Paz and
arrived there before the arrival of the members who followed the trucks.

After the work of installing and adjusting the observation instruments for about three weeks, the JHD
members observed the eclipse successfuly. This article describes first how the observation was made

and then the result of the analysis of the obtained data.

2, Observation Site
The observation site of the Japanese expedition was set in the playground of Universidad Automona
de Baja California Sur (UABCS), where official parties from countries in all over the world were
appointed to settle their observation sites by Comite Universitario Para la Observation del Eclipse
(CUPOE) . Electricity of 120 V was arranged to be supplied to the observation teams by CUPOE.
In the days preceding the eclipse, observation of both the geographical and astronomical coordinates
of the JHD telescope was made. The geographical coordinates were determined by observing NNSS
satellites, which were operated under the WGS-84 system at that time. A Magnavox receiver was used
for the observation and 337 data for three-dimensional analysis were obtained in the period from June
22 to July 10. The result of the analysis is as follows:
geographical longitude: 21,=110° 18 50.83"W=*=0.03",
" latitude:  ¢,= 24° 06" 02.33"N=*=0.01",
height from reference ellipsoid: H=+0.4m=*0.3m. (WGS-84)
The figures following “+” marks are mean errors throughout this article.
On the other hand, the astronomical longitude and latitude of the same point were determined by equal
altitude observation of stars using an Ni-2 type astrolabe of Carl Zeiss. The result is:
astronomical longitude: 2A,=110° 18 59.2"W=*1.1",
" latitude: ¢, = 24° 06" 07.6"Nx1.5",
The difference astronomical minus geographycal coordinates is the so-called deflection of the vertical
for that place. That is:
E= du— e =+45.3"+1.5",
7= (da—2g) cos¢g  =-—7.5"£1.0",
This means that there exists either a surplus of mass under the ground in the direction of nearly
south-east or a lack of mass in the opposite direction.
It should be noticed that the geographical coordinates of the telescope should be used in the reduction
in the following.
Meteorological observation was also made during the period from June 24 to July 11. Main features

about temperature in this period are as follows:
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Figure 1. Temperature at the observation site on 1991 July 10 and 11.

Figure 2. Schematic diagram of the spectrophotographic equipments.
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mean minimum temperature 0 15.9°C,

mean maximum " . 38.1C,

mean temperature at 9" local standard time : 28.3C,
With the progress of the eclipse on July 11, the temperature went down and recorded a local minimum
value 27.0°C about half an hour after the totality, about 5.5C lower than it would have shown if it were
not for the eclipse. In Figure 1 is shown the variation of temperature on the days before and of the

eclipse.

3. Observation of the eclipse

The observation of the eclipse on 1991 July 11 was made by flash spectrum cinematography method,
which is the same as adopted in the past observations of eclipses by JHD.

A schematic diagram of the equipments used is shown in Figure 2. Since a detailed description of the
equipments is given in Mori and Kubo (1971), only an outline of them is explained below .

A spectrotelscope and a 16-mm movie camera boaded on an equatorial mounting constitute the main
part of the equipments. Both the equatorial and the movie camera are driven by DC batteries. The
optics of the spectrotelescope cansists of an objective lens with apperture of 80 mm and focal length of
1200 mm and a direct vision type prism just ahead of the lens. The size of the image at the focal point
is 5.8mm/1000” and the dispersion of the prism is 87 A /mm at 50004 .

A Bolex H16 type camera is used for cinematographing of the flash spectra at the 2nd and 3rd contacts.
The size of each frame of the film is about 10.5 mm X 7.5 mm with the direction of dispersion parallel
to the longer side and that of position angle to the shorter side. Time marks of 10 Hz synchronized with
UTC were printed along an edge of the film to make enable a precise determination of time for each
shot of photographs.

Around the 2nd and the 3rd contacts of the eclipse, photographing was made with a rate of about 22
shots per second. The film used was Kodak Plus X. An example of the photographs is shown in Figure
3.

UTC for the time marks was provided by a quartz clock which was regulated by time aignals of Loran
C radio wave emitted from the master station of West Coast U.S. Chain (118°50' W and 42°43' N). The
correction for propagation time of 6.315 ms was applied. Thus the UTC for each time mark on the film
was determined with an accuracy better than 0.1 ms.

The photographs of the flash spectra were taken for 60 seconds each around the 2nd and the 3rd
contacts, but those for 5.5 seconds at each contact were used in the reduction described below.

After the observation of the eclipse, spectral images of a slit were photographed with ND filters of
various densities inserted in front of the movie camera for several widths of the slit in order to obtain
the relation between light intensity and density on the film.

The developement of the film was made by a commercial company after the observation team having

returned to Japan.
4, Reduction

The density of the images of spectra of the crescent Sun on the film was measured by a Perkin-Elmer

PDS microdensitometer belonging to the Institute of Astronomy, the University of Tokyo. The density
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. 3rd contact

Figure 3. Example of the photographs of flash spectra near 2nd (upper) and 3rd (lower) contacts.
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was measured for each frame of the film along the direction of position angle, which is parallel to the
edges of the film, at three wave lengths. The adopted wave lengths were 5047 A, 4960 A and 4740 A .
They were selected so that the effect of the emisson lines from the chromosphere might be avoided but
only the density of the continuum from the photosphere be measured.

The dimension of the diaphragm of PDS was 75 gm for the direction of dispersion and 10 gm for that
of position angle, the former corresponding to 6.5A of wave length and the latter to 0.096° of position
angle, respectively.

The density data were obtained for points along position angle with an interval of 1 zm on the film
or about 0.01° of position angle for each wave length and recorded on a magnetic tape, but one from
each 15 data points was picked up and used for the reduction, that is, the density data about for every
0.144° of position angle were used in the reduction.

As the next step, identification of position angle of every data point must be made. The ouline of
the process is as follows:

A graph is made for any frame to show the relation between the position on the film along the direction
of position angle and the density, with x-axis for the former and y-axis for the latter. Then the curve
of the graph reflects the profile of the lunar limb near the contact point, showing prominent features
of hills and valleys.

At the same time, we draw the lunar profile based on Watts’ (1963) lunar charts for the same part of
the lunar limb, with x-axis for position angle and y-axis for height. If we compare prominent features
seen in the both curves, we recognize a similarity between them. By a least squares fitting of the both
arguments (x-axis values) for common prominent features, .we can obtain the relation between the
position angle and the film position along the direction of position angle. Thus we can identify the
position angle for every data point of every frame of the film.

From the density data for any position angle for all the frames, we can draw the so-calld eclipse
curve, a curve showing how the intensity. changes with respect to time. - This is possible because we
have already the relation between the film density and the intensity of light and every frame is related
to the time when it was photographed. Knowing the relative velocity of the Moon to the Sun, the time
is also related to the height of the solar edge above the lunar limb easily. - "So we can consider eclipse
curve to be a curve showing the relation between the intensity ‘and the height ‘'of the solar edge above
the lunar limb as well. Figures 4(a) to 4(d) show such eclipse curves,i.e., logarithm of the intensity
vs. height above lunar limb, for two points on the lunar imb for each of 2nd and 3rd contacts. . The
eclipse curves in Figures 4 and the following reduction as far as Section 5 are for 5047A. We have
similar results for the other two wave lengths.

Every eclipse curve shows a similar feature, i.e., slow.change first, then rapid change and then slow
change again, of the intensity with respect to the height. In Table 1 are shown the values of the
maximum inclination of the eclipse curves for different features on lunar limb, for the three wave
lengths and at each contact. They are accordant with the result for 1970 and 1973 eclipses, d log (I/
L)/dh=2.8/1" (for 46154).

We define the solar edge by the point with the maximum inclination, or the inflection point of the
eclipse curve, in the analysis below. In practice, we obtain the density for this inflection point for

points of various features on the lunar limb and then their mean values. They may be different for each
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Table 1. Maximum values of d log (//4)/dh. (Unit : 17y

Values for each feature are the means of

several points.

5047 A 4960 A 4740A

2nd contact

Hills 3.14 3.15 2.54

Valleys 3.62 3.47 2.93

Others 3.10 2.98 2.59

Mean 3.27 3.18 2.68
3rd contact

Hills 2.66 2.64 2.57

Valleys 3.15 3.37 3.21

Others 2.99 3.20 2.92

Mean 2.94 3.08 2.90
Mean of both contacts

Hilis 2.90 2.89 2.56

Valleys 3.39 3.42 3.07

Others 3.04 3.09 2.75

Mean 3.11 3.13 2.79
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wave length and for each contact. Then we can obtain for every position angle the time when the
density is equal to the mean value thus determined. It should be called the contact time for that position
angle. We can get such cotact times for many points with some interval of position angle for the both
contacts. These contact times constitute the basic data in the following analysis for the relative
position of the Sun to the Moon. The 2nd to 4th columns of Table 3 give contact times for points every
0.1° of position angle for the three wave lengths. It should be noticed that they are values for the
interval of 0.1° calculated by linear interpolation from the original data which have been obtained for

about every 0.144°.

5. Relative Position of the Sun to the Moon and the Radius of the Sun

The data of the coordinates of the Sun and the Moon and the local predicion of the eclipse for the
observation site are given in Table 2. They are used as the basis in the following reduction. They are
all calculated consistently with the Japanese Ephemeris for 1991. It is completely accordant with IAU
(1976) System of Astronomical Constants. The tabular values in the Japanese Ephemeris for the Sun
and the Moon are also coincident with those in DE200/LE200 ephemeris within the accuracy of 0.017".

However, in the values in Table 2, the following correction to the coordinates of the Moon is applied.
This is a correction to reduce the center of mass of the Moon which are given in the Ephemeris to the
center of figure which is assumed to be coincident with the center of the Watts’ lunar charts. The
amount of correction is obtained from observation of lunar occultations of stars by JHD and it is as
follows (Japanese Ephemeris for 1993):

Ady=+0.38" and ABy=—0.19".
As for the semidiameter of the Sun s and the radius of the Moon %, the following values are adopted:
respecitively .
5% =959.63”, (at the distance of 1 a.u.)
£=0.2725076. (in unit of the equatorial radius of the Earth)
Also the following value for UT1—UTC taken from JERS Annual Report for 1991 is used in the local
prediction:
UT1-UTC=+0.213.
Since TAI—-UTC=26° at that time and TDT—TAI=32.184%, we also have
TDT—UT1=57.971°.
Correction for the polar motion is not taken into consideration.
Also the following values for the topocentric lunar libration is used:
{=+1.00", p=-+0.01", C=+6.51",

The fundamental equation for the reduction for the relative positon of the Sun and the Moon is given
in Mori and Kubo (1971) and Mori and Ganeko (1976), although the both expressions are a little
different from each other. We adopt in the present calculation the one in Mori and Ganeko, which is
written as follows:

h=x cos p+y sin prz+H—v(t.—t)cos (p—¢)— s—ng2sin?(p—p) /2%, (1i=2,3)
with
(85— 6w,

(as - (11\1) COS(5\53
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Table 2. The coordinates of the Sun and the Moon and

the local prediction for the observation site.

2nd contact

3rd contact

Contact Time (UTC) (%)

Posision Angle of Contact Point

Distance of Centers of Sun and Moon

Geocentric

" Dec.

R.A. of Sun

n

" R.A. of Moon

" Dec.

1"

Topocentric R.A. of Sun

(5 —180%)

18" 47™ 33.66°
92.84°
76.16"

" 22 09.635°

22° 05 54.68”

7 21m 23.272°

22° 08" 15.28”

7°22m 09.732¢

18" 54™ 09.56°
308.23
76.22"

70 22™ 10.756°

22° 05" 52.49”

70 21™ 40.867°

22° 07" 17.66”

7h 22™ 10.837°

" Dec. " 22° 05" 54.36” 22° 05 52.18”
" S.D. " 943.97” 943.97"
" R.A. of Moon 7h22m (42588 7h 22™ 15.144°
n Dec. " 22° 05" 58.13” 22° 05" 05.01”
" S.D. " 1020.13” 1020.19”
Relative Velocity of Moon to Sun 0.36677/s
110.54°
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z2=A (5s—ng),

Hi= (68— 6w) cos p+ (as—an) cosdsisin p+ (ris—m) 1= (s —ne)y {1+cos(p—po) )
where i = 2,3 mean that the values are those at the time of the 2nd and the 3rd contacts, and S and M
for the Sun and the Moon, respectively.
The meanings of the notations are as follows:

p . position angle of a point on the lunar limb,

fc . contact time for the point,

h  observed height of lunar limb above mean level at the point,

4, . predicted contact time given in Table 2,

bo - position angle of the center of the Moon with respect to that of the Sun at &, p,—180°

appearing in the prediction,
v . magnitude of the velocity of the Moon relative to the Sun,
¢ - position angle of the direction of the above velocity,
v and ¢ being also shown in Table 2.

It should be noticed that the predicted topocentric values for all those quantities are used in the
reduction. Also, in consulting Watts’ lunar charts a correction of 0.2° to the argument for the position
angle is applied (Appleby and Morrison, 1983 and Kawada and Kubo, 1990) .

We have one equation for one point on the lunar limb, and from the equaions for all the points for
the both contacts we have the equation for the least equares solution. The equation is constructed with
the condition that (i— hy)? should be minimum, where Jy is the height for the point on the lunar limb
read from Watts’ charts and reduced to the topocentric distance of the Moon. /iy and 7’s for the three
wave lenghts after the best fit with respect to x, ¥ and z are given in the 5th and the 6th to 8th columns
of Table 3, respectively. Those for wave length 5047 A are also shown in Figure 5.

Solving the equation, we have corrections to the computed values for the relative position and

semidiameter of the Sun and the Moon:

A (65— 6y =—0.52"40.07",
A ((Is—‘afm> coSs Js :"0.28,,'+__0.03,/,
A (5= =+0.55"+0.02".

We can also solve the equation for the longitude and latitude if we make the following transformation
of the unknowns:
¥ =A (As— Ay) =cosa sine x+ (cosé cose +sind sina sine)y,
¥ =A (Bs— ) = (cosd cose +sind sinasine) x—cose sine y.
Then we have
A (As—2A) =—0.217%0.027,
A (Bs—py) =—0.55"%£0.07",
A (r—n) =+0.55"£0.02",
All the above result is for the wave length 5047 A as stated before. Reductions have been made also
for the other two wave lenghts.
They are
A {As—Ay) =—0.217%0.027,
A (Bs—fu)=—0.57"£0.07",
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Table 3. Position angle (p), contact times (tc), height by Watts (hw) and observed heights (h)
((1) : 5047 A,(2): 49604, (3): 4740A) . 2nd contact.

P te(l) te(2) te(3) hw h(1) h(2) h(3) P te(l) te(2) te(3) hw  h(l) h(2) h(3)
18h 47m 18h 47m
S s s " " " " o s s s " " " "
80.1 ~0.79 86.1 32.50 32.50 32.49 -0.25 0.02 0.01 0.00
80.2 -0.82 86.2 32.45 32.42 32.41 -0.23 0.05 0.06 0.04
80.3 30.19 -0.87 ~-0.75 86.3 32.48 32.44 32.42 -0.22 0.086 0.07 0.06
80.4 30.26 -0.97 -0.74 86.4 32.57 32.51 32.50 -0.16 0.05 0.06 0.05
80.5 30.33 30.38 -1.08 -0.72 -0.74 86.5 32.67 32.59 32.59 -0.08 0.04 0.06 0.04
80.6 30.48 30.47 30.31 -1.23 -0.73 -0.74 -0.70 86.6 32.69 32.84 32.62 -0.07 0.05 0.06 0.04
80.7 30.63 30.63 30.45 -1.31 -0.75 -0.75 -0.71 86.7 32.87 32.84 32.62 -0.06 0.07 0.07 0.086
80.8 30.88 30.93 30.75 -1.18 -0.80 -0.82 -0.77 86.8 32.61 32.61 32.586 0.02 0.11 0.10 0.10
80.9% 31.1% 31.24 31.10 -1.01 -0.86 ~-0.89 -0.85 86.9 32.33 32.35 32.28 0©0.11 0.22 0.20 0.21
81.0 31.48 31.53 31.38 -1.01 -0.92 -0.,94 -0,91 87.0 32.03 32.04 31.95 0.18 0.33 0.32 0.33
81.1 31.81 31.64 31.51 -1.04 ~-0.93 -0.95 -0.92 87.1 31.81 31.80 31.74 0.22 0.42 0.42 0.42
81.2 31.59 31.63 31.50 -0.97 -0.89 ~-0.92 -0.89 87.2 31.73 31.72 31.67 0.21 0.47 0.46 0.46
81.3 31.52 31.57 31.44 -0.89 -0.84 -0.87 -0.84 87.3 31.73 31.72 31.88 0.22 0.48 0.48 0.47
81.4 31.43 31.47 31.82 -0.83 -0.78 -0.80 -0.77 87.4 31.75 31.75 31.70 0.32 0.49 0.48 0.48
81.5 31.32 31.37 31.20 -0.79 -0.72 -0.74 -0.70 87.5 31.75 31.76 31.71 0.43 0.51 0.50 0.49
81.6 31.34 31.40 31.24 -0.76 -0.68 -0.72 -0.68 87.6 31.80 31.80 31.75 0.47 0.50 0.50 0.49
81.7 31.50 31.55 31.40 -0.73 -0.71 -0.74 -0.71 87.7 31.87 31.87 31.81 0.44 0.50 0.49 0.49
81.8 31.66 31.69 31.59 -0.71 -0.74 -0.75 -0.74 87.8 32.00 31.98 31.93 0.34 0.47 0.47 0.46
81.9 31.75 31.76 31.69 -0.67 -0.73 -0.75 -0.74 87.9 32.23 32.18 32.14 0.23 0.41 0.41 0.41
82.0 31.76 31.79 31.72 -0.57 -0.71 -0,73 ~-0.72 88.0 32.47 32.42 32.8%9 0.19 0.34 0.35 0.34
82.1 31.71 31.75 31.65 -0.44 -0.66 -0.69 -0.67 88.1 32.68 32.62 32.59 0.21 0.28 0.29 0.28
82.2 31.48 31.52 31.41 -0.32 -0.56 -0.58 -0.56 88.2 32.69 32.68 32.64 0.32 0.29 0.29 0.28
82.3 31.15 31.19 31.04 -0.23 -0.43 -0.45 -0.42 88.3 32.48 32.52 32.44 0.43 0.37 0.35 0.36
82.4 30.87 30.88 30.78 -0.21 -0.31 -0.32 -0.31 88.4 32.21 32.24 32.18 0.45 0.48 0.48 0.47
82.5 30.71 30.72 30.88 -0.20 -0.23 -0.24 -0.24 88.5 32.04 32.05 31.99 0.44 0.55 0.54 0.54
82.6 30.60 30.58 30.55 -0.11 -0.17 -0.17 -0.17 88.6 31.94 31.95 31.88 0.44 0.60 0.59 0.59
82.7 30.45 30.42 30.43 -0.01 -0.09 ~-0.09 -0.11 88.7 31.92 31.91 31.84 0.44 0.62 0.61 0.61
82.8 30.27 30.23 30.25 0.08 -0.01 0.00 -0.02 88.8 31.96 31.94 31.89 0.44 0.81 0.61 0.861
82.9 30.15 0.09 0.06 88.9 32.04 32.03 31.97 0.44 0.60 0.80 0.59
83.0 30.19 0.068 0.08 89.0 32.09 32.08 32.04 0.44 0.59 0.59 0.58
83.1 30.25 30.20 0.04 0.08 0.09 89.1 32.13 32.13 32.08 0.44 0.59 0.58 0.58
83.2 30.36 30.38 0.08 0.07 0.086 89.2 32.25 32.22 32.18 0.45 0.56 0.56 0.56
83.3 30.53 30.58 30.29 0.14 0.04 0.02 0.10 89.3 32.43 32.39 32.35 0.44 0.51 0.52 0.51
83.4 30.70 30.69 30.55 0.15 0.02 0.01 0.04 89.4 32.65 32.57 32.54 0.34 0.44 0.46 0.45
83.5 30.87 30.94 30.80 0.14 -0.01 -0.05 -0.02 89.5 32.89 32.79 32.75 0.23 0.37 0.40 0.39
83.6 31.02 31.10 30.97 0.08 -0.04 -0.07 -0.04 89.6 33.16 33.03 33.01 0.20 0.29 0.33 0.31
83.7 31.11 31.19 31.05 0.01 -0.04 -0.08 -0.05 89.7 33.44 33.31 33.33 0.18 0.20 0.24 0.21
83.8 31.20 31.27 31.12 -0.03 -0.05 -0.08 -0.04 89.8 33.87 33.80 33.74 0.09 0.07 0.08 0.08
83.9 31.34 31.38 31.27 -0.06 -0.07 -0.09 ~0.07 89.9 34.19 34.17 34.06 0.01 -0.04 -0.04 ~-0.02
84.0 31.51 31.54 31.46 -0.14 -0.10 -0.12 -0.11 90.0 34.23 34.26 34.20 -0.02 -0.04 -0.06 ~-0.06
84.1 31.71 31.71 31.85 -0.22 -0.14 ~-0.15 -0.15 90.1 34.05 34.08 34.04 -0.01 0.03 0.02 0.00
84.2 31.89 31.87 31.82 -0.25 -0.18 -0.18 -0.18 90.2 33.80 33.82 33.78 0.09 0.12 0.1i1 0.10
84.3 32.02 31.99 31.95 -0.25 -0.20 -0.19 -0.20 90.3 33.66 33.66 33.61 0.21 0.18 0.1i7 0.17
84.4 32.08 32.05 32.02 -0.26 -0.19 -0.19 -0.20 90.4 33.69 33.67 33.62 0.33 0.18 0.18 0.17
84.5 32.08 32.04 32.02 -0.26 -0.17 ~-0.17 -0.17 90.5 33.70 33.71 33.64 0.43 0.18 0.17 0.17
84.6 32.06 32.03 32.00 -0.24 -0.14 -0.14 -0.15 90.6 33.53 33.58 33.50 0.44 0.25 0.22 0.23
84.7 32.10 32.07 32.03 -0.22 -0.13 -0.13 -0.13 90.7 33.24 33.35 33.20 0.44 0.35 0.31 0.34
84.8 32.22 32.16 32.13 -0.21 -0.15 ~0.14 -0.15 90.8 32.88 32.99 32.890 0.49 0.48 0.44 0.45
84.9 32.38 32.32 32.30 -0.22 -0.18 -0.17 -0.18 90.9 32.56 32.63 32.49 0.58 0.80 0.57 0.60
85.0 32.56 32.48 32.48 -0.26 -0.22 -0.20 -0.22 91.0 32.24 32.26 32.15 0.73 0.72 0.70 0.72
85.1 32.73 32.63 32.64 -0.31 -0.25 -0.23 -0.25 91.1 31.99 32.00 31.85 0.856 0.81 0.80 0.83
85.2 32.84 32.76 32.75 -0.38 -0.27 -0.25 -0.27 91.2 31.77 31.75 31.58 0.88 0.89 0.89 0.93
85.3 32.85 32.79 32.79 -0.43 -0.25 -0.24 -0.26 91.3 31.68 31.83 31.50 0.88 0.94 0.94 0.986
85.4 32.82 32.77 32.78 -0.46 -0.22 -0.21 -0.23 91.4 31.87 31.62 31.51 0.97 0.94 0.895 0.986
85.5 32.83 32.77 32.76 -0.44 -0.20 -0.19 -0.21 91.5 31.76 31.71 31.61 1.08 0.91 0.92 0.94
85.6 32.85 32.79 32.79 -0.35 ~-0.19 -0.18 -0.20 91.6 31.93 31.88 31.80 1.07 0.86 0.87 0.87
85.7 32.90 32.84 32.85 -0.28 -0.19 -0.18 -0.20 91.7 32.18 32.11 32.04 1.02 0.78 0.80 0.79
85.8 32.92 32.88 32.87 -0.35 -0.18 -0.17 -0.19 91.8 32.44 32.38 32.36 0.91 0.69 0.71 0.69
85.9 32.84 32.84 32.82 -0.43 -0.13 -0.14 -0.15 91.9 32.71 32.59 32.57 0.77 0.60 0.64 0.82
86.0 32.66 32.68 32.66 -0.38 -0.05 -0.07 -0.08 92.0 32.94 32.82 32.81 0.2 0.53 0.36 0.34
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Table 3 (continued) .

2nd contact.

111

P te(l) te(2) te(3) hw h(1) h(2) h(3) P te(l) te(2) tc(3) hw h(1) h(2) h(3)
18h 47m 18h 47m
o s s s " " " " o s s s : * ! "
92.1 33.15 33.04 33.04 0.47 0.46 0.48 0.46 98.1 33.67 33.69 33.65 0.22 0.02 0.01 -0.01
82.2 33.36 33.26 33.29 0.35 0.38 0.42 0.38 98.2 33.43 33.48 33.41 0.28 0.10 0.08 0.07
92.3 33.59 33.51 33.51 0.24 0.31 0.33 0.30 98.3 33.18 33.24 33.15 0.33 0.18 0.1i5 0.15
92.4 33.75 33.70 33.68 0.16 0.26 0.27 0.25 98.4 33.01 33.056 32.87 0.29 0.22 0.20 0.20
92.5 33.85 33.80 33.78 0.12 0.22 0.23 0.22 98.5 32.96 32.99 32.83 0.23 0.23 0.21 0.20
92.6 33.87 33.85 33.82 0.15 0.22 0.22 0.20 98.6 32.87 32.95 32.88 0.20 0.25 0.21 0.21
92.7 33.84 33.82 33.80 0.19 0.23 0.23 0.21 98.7 32.67 32.81 32.70 0.22 0.31 0.25 0.28
92.8 33.81 33.79 33.76 0.19 0.24 0.24 0.23 98.8 32.44 32.55 32.42 0.30 0.37 0.33 0.35
92.9 33.83 33.80 33.78 0.18 0.24 0.24 0,22 98.9 32,19 32.26 32.12 0.42 0.45 0.42 0.44
93.0 33.95 33.90 33.88 0.21 0.20 0.21 0.19 99.0 31.93 31.97 31.74 0.54 0.53 0.51 0.56
93.1 34,12 34.067 34.03 0.22 0.14 0.15 0.14 99.1 31.68 31.70 31.47 0.865 0.61 0.60 0.65
93.2 34.27 34.23 34.18 0.11 0.09 0.10 0.08 899.2 31.47 31.48 31.24 0.77 0.67 0.68 0.72
93.3 34.33 34.32 34.29 0.01 0.06 0.08 0.05 99.3 31.27 31.25 31.06 0.87 0.73 0.73 0.77
93.4 34.22 34.20 34.22 0.11 0.11 0.11 ©0.07 99.4 31.11 31.09 30.92 0.89 0.77 0.77 0.80
93.5 33.97 33.96 33.96 0.26 0.19 0.19 0.18 99.5 31.08 31.06 30.87 0.88 0.76 0.77 0.80
93.6 33.70 33.70 33.64 0.27 0.29 0.28 0.27 99.6 31.17 31.13 30.85 0.89 0.72 0.73 0.76
93.7 33.51 33.51 33.45 0.23 0.35 0.35 0.34 99.7 31.26 31.21 31.04 0.88 0.87 0.68 0.71
93.8 33.42 33.39 33.35 0.20 0.38 0.39 0.38 99.8 31.35 31.32 31.13 0.76 0.62 0.83 0.87
93.9 33.45 33.39 33.38 0.19 0.37 0.39 0.36 99.9 31.48 31.46 31.26 0.82 0.56 0.56 0.60
94.0 33.55 33.48 33.48 0.20 0.33 0.35 0.33 100.0 31.57 31.54 31.37 0.56 0.51 0.52 0.55
94.1 33.68 33.61 33.61 0.22 0.28 0.31 0.28 100.1 31.60 31.57 31.41 0.58 0.48 0.43 0.52
94.2 33.76 33.71 33.68 0.22 0.286 0.27 0.25 100.2 31.59 31.55 31.38 0.61 0.47 0.48 0.51
94.3 33.70 33.88 33.65 0.22 0.28 0.28 0.26 100.3 31.58 31.55 31.37 0.65 0.46 0.47 0.50
94.4 33.51 33.53 33.45 0.27 0.34 0.33 0.33 100.4 31.61 31.58 31.40 0.58 0.43 0.44 0.47
94.5 33.25 33.81 33.18 0.31 0.43 0.40 0.42 100.5 31.68 31.65 31.48 0.48 0.39 0.40 0.42
94.6 33.12 33.08 33.02 0.30 0.47 0.48 0.48 100.6 31.71 31.69 31.50 0.48 0.36 0.38 0.40
94,7 33.19 33.10 33.04 0.27 0.45 0.47 0.47 100.7 31.70 31.68 31.49 0.52 0.35 0.35 0.39
94.8 33.40 33.29 33.27 0.22 0.37 0.40 0.38 100.8 31.73 31.71 31.51 0.55 0,31 0.32 0.386
94.9 33.73 33.61 33.58 0.18 0.25 0.28 0.27 100.9 31.76 31.76 31.56 0.58 0.29 0.28 0.32
95.0 33.94 33.89 33.87 0.14 0.17 0.18 0.18 101.0 31.68 31.64 31.46 0.58 0.30 0.31 0.34
95.1 33.94 33.80 33.88 0.11 0.17 0.18 0.15 101.1 31.43 31.37 31.21 0.863 0.37 0.39 0.41
95.2 33.75 33.74 33.72 0.13 0.23 0.23 0.21 101.2 31.06 31.00 30.90 0.79 0.48 0.50 0.50
85.3 33.59 33.57 33.54 0.16 0.28 0.28 0.26 101.3 30.62 30.59 30.59 0.86 0.82 0.83 0.60
95.4 33.49 33.47 33.45 0.20 0.3@ 0.31 0.29 101.4 30.25 30.16 30.25 1.02 0.74 0.77 0.70
95.5 33.43 33.40 33.40 0.22 0.33 0.33 0.31 101.5 1.04
95.6 33.43 33.38 33.39 0.19 0.32 0.34 0.30 102.1 1.38
95.7 33.54 33.46 33.49 0.14 0.28 0.30 0.26 102.2 1.30
95.8 33.78 33.70 33.70 0.04 0.19 0.21 0.18 102.3 1.12
95.9 34.07 34.01 33.97 -0.05 0.08 0.09 0.08 102.4 30.36 30.43 0.90 0.49 0.46
96.0 34.25 34.20 34.16 -0.08 0.01 0.02 0.01 102.5 30.82 30.71 30.44 0.68 0.37 0.34 0.40
96.1 34.35 34.81 34.26 -0.09 -0.03 -0.02 -0.04 102.8 30.75 30.80 30.83 0.50 0,31 0.28 0.31
96.2 34.48 34.43 34.37 -0.15 -0.08 -0.07 -0.08 102.7 30.72 30.76 30.63 0.38 0.29 0.28 0.28
96.3 34.61 34.58 34.53 -0.17 -0.14 -0.13 -0.15 102.8 30.60 30.64 30.53 0.40 0.31 0.29 0.30
96.4 34.63 34.58 34.59 -0.05 -0.15 -0.14 -0.18 102.9 80.46 30.57 30.39 0.47 0.34 0.30 0.33
96.5 34.48 34.44 34.48 0.08 -0.11 -0.10 -0.15 103.0 30.38 30.51 30.33 0.56 0.35 0.30 0.33
96.6 34.29 34.25 34.28 0.08 -0.05 -0.04 -0.08 103.1 30.42 30.54 30.30 0.80 0.31 0.28 0.31
96.7 34.21 34.17 34.17 0.01 -0.03 -0.02 -0.05 103.2 30.59 30.687 30.34 0.49 0.22 0.19 0.27
96.8 34.19 34.15 34.14 -0.09 -0.03 -0.02 -0.05 108.3 30.84 30.86 30.56 0.32 0.11 0.10 0.17
96.9 34.13 34.10 34.10 -0.18 -0.02 -0.01 -0.04 103.4 31.11 31.09 30.88 0.20 -0.02 ~0.01 0.03
97.0 33.99 33.97 33.98 0.01 0.02 0.02 -0.01 103.5 31.43 31.34 31.17 0©0.10 -0.16 -0.13 -0.10
97.1 33.84 33.82 33.82 0.18 0.07 0.07 0.04 103.8 31.59 31.51 31.37 -0.06 -0.24 -0.21 -0.20
97.2 33.78 33.74 33.74 0.21 0.08 0.09 0.08 103.7 31.61 31.52 31.40 -0.21 -0.27 -0.24 -0.23
97.3 33.83 33.78 33.78 0.19 0.05 0.07 0.03 103.8 31.55 31.47 31.34 -0.24 -0.28 -0.25 -0.24
97.4 33.89 33.84 33.84 0.20 0.02 0.03 0.00 103.9 31.47 31.37 31.24 -0.22 -0.27 -0.24 -0.23
97.5 33.92 33.87 33.87 0.22 0.00 0.01 -0.02 104.0 31.34 31.25 31.14 -0.22 -0.25 -0.22 -0.22
97.6 33.91 33.88 33.88 0.22 -0.01 0.00 -0.03 104.1 31.15 31.10 30.98 -0.22 -0.21 -0.19 -0.19
97.7 33.90 33.87 33.85 0.22 -0.02 -0.01 -0.03 104.2 30.93 30.86 30.76 -0.22 -0.15 -0.13 -0.13
97.8 33.96 33.92 33.90 0.22 -0.05 -0.04 -0.08 104.3 30.63 30.59 30.48 -0.22 -0.07 -0.06 -0.06
97.9 33.99 33.98 33.86 0.22 -0.07 -0.07 -0.09 104.4 30.33 30.30 30.16 -0.23 0.01 0.02 0.03
98.0 33.88 33.88 33.87 0.21 -0.04 -0.04 -0.07 104.5 30.13 ~0.22 0.06
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Table 3 (continued) . 3rd contact.

P te(l) tef(2) te(3) hw h(1) h(2) h(3) P te(l) te(2) te(3) hw h{1) h(2) h(3)
18h 54m 18h 54m

o s s s " " " " o s s s " " " ;
295.1 0.00 301.1 12.35 12.36 12.41 0.88 0.86 0.87 0.86
295.2 0.01 301.2 12.17 12.13 12.18 0.86 0.8™ 0.80 0.79
295.3 0.00 301.3 11.99 11.97 11.99 0.83 0.77 0.78 0.74
295.4 -0.09 301.4 11.92 11.85 11.90 0.74 0.75 0.73 0.72
295.5 12.98 -0.21 -0.25 301.5 11.89 11.82 11.87 0.66 0.76 0.74 0.73
295.6 12.91 13.02 13.06 -0.30 -0.25 -0.20 -0.22 301.6 11.90 11.84 11.89 0.85 0.78 0.76 0.75
295.7 12.86 12.92 12.99 -0.37 -0.24 -0.21 -0.21 301.7 11.99 11.91 11.97 0.65 0.83 0.80 0.80
295.8 12.77 12.87 12.92 -0.37 -0.24 -0.20 -0.21 301.8 12.12 12.02 12.09 0.65 0.89 0.86 0.86
295.9 12.65 12.76 12.82 -0.34 -0.25 -0.21 -0.22 301.9 12.16 12.08 12.14 0.65 0.92 0.89 0.89
296.0 12.48 12.60 12.66 -0.31 -0.28 -0.24 -0.25 302.0 12.13 12.07 12.11 0.74 0.93 0.90 0.89
296.1 12.27 12.36 12.39 -0.30 -0.33 -0.30 -0.31 302.1 12,06 11.99 12.05 0.83 0.91 0.89 0.89
296.2 12.03 12.11 12.13 -0.33 -0.39 -0.36 -0.38 302.2 11.92 11.86 11.92 0.89 0.88 0.86 0.85
296.3 11.81 11.88 11.90 -0.39 -0.44 -0.41 -0.44 302.3 11.74 11.70 11.76 0.88 0.83 0.82 0.81
296.4 11.75 11.83 11.84 -0.43 -0.43 -0.40 -0.43 302.4 11.50 11.51 11.56 0.76 0.76 0.76 0.75
296.5 11.85 11.90 11.95 -0.44 -0.37 -0.35 -0.36 302.5 11.24 11.81 11.32 0.61 0.87 0.70 0.68
296.6 12.05 12.09 12.19 -0.35 ~-0.27 -0.25 -0.25 302.6 10.88 11.11 11.10 0.51 0.60 0.64 0.61
296.7 12.35 12.86 12.45 -0.25 -0.13 -0.12 -0.12 302.7 10.78 10.91 10.87 0.44 0.54 0.58 0.55
296.8 12.50 12.51 12.61 -0.22 -0.05 -0.04 -0.04 302.8 10.64 10.71 10.69 0.41 0.50 0.53 0.50
296.9 12.48 12.54 12.60 -0.21 -0.03 0.00 -0.01 302.9 10.55 10.58 10.58 0.39 0.48 0.49 0.47
297.0 12.40 12.44 12.49 -0.17 -0.03 -0.01 -0.02 303.0 10.49 10.49 10.52 0.40 0.47 0.47 0.46
297.1 12.30 12.33 12.37 -0.13 -0.04 -0.02 -0.04 303.1 10.51 10.48 10.55 0.43 0.49 0.48 0.48
297.2 12.19 12.25 12.27 -0.18 ~0.05 -0.03 -0.05 303.2 10.68 10.58 10.70 0.54 0.56 0.53 0.55
297.3 12.15 12.19 12.24 -0.19 ~0.04 -0.02 -0.03 303.3 10.88 10.76 10.94 0.85 0.85 0.61 0.65
297.4 12.20 12.24 12.29 -0.17 0.01 0.02 0.01 303.4 11.19 11.08 11.21 0.88 0.77 0.73 0.75
297.5 12.28 12.31 12.37 -0.11 0.06 0.07 0.07 303.5 11.40 11.33 11.43 0.66 0.86 0.83 0.84
297.6 12.35 12.36 12.42 -0.01 0.11 0.12 0.11 303.6 11.63 11.51 11.63 0.74 0.85 0.91 0.93
297.7 12.44 12.43 12.48 0.10 0.17 0.17 0.18 303.7 11.78 11.68 11.78 0.86 1.01 0.98 0.99
297.8 12.57 12.53 12.58 0.17 0.25 0.23 0.22 303.8 11.89 11.78 11.89 1.00 1.07 1.02 1.04
297.9 12.75 12.68 12.73 0.21 0.33 0.31 0.30 303.9 11.87 11.76 11.88 1.08 1.07 1.03 1.05
298.0 12.82 12.80 12.84 0.21 0.38 0.38 0.36 304.0 11.68 11.62 11.72 1.07 1.01 0.99 1.00
298.1 12.83 12.81 12.88 0.20 0.41 0.41 0.40 304.1 11.40 11.40 11.47 0.99 0.92 0.82 0.92
298.2 12.78 12.78 12.86 0.21 0.42 0.42 0.42 304.2 11.11 11.19 11.20 0.94 0.82 0.85 0.84
298.3 12.68 12.70 12.77 0.22 0.41 0.42 0.41 304.3 10.88 11.00 10.899 0.88 0.75 0.80 0.77
298.4 12.58 12.58 12.66 0.22 0.38%8 0.40 0.40 304.4 10.79 10.84 10,85 0.76 0.73 0.75 0.73
298.5 12.45 12.45 12,53 0.22 0.37 0.37 0.37 304.5 10.79 10.78 10.85 0.686 0.74 0.73 0.73
298.6 12.32 12.31 12.38 0.21 0.35 0.35 0.34 304.6 10.84 10.81 10.88 0.76 0.76 0.75 0.76
298.7 12.21 12.22 12.25 0.22 0.33 0.33 0.32 304.7 10.79 10.81 10.83 0.87 0.75 0.76 0.75
298.8 12.16 12.15 12.22 0.32 0.34 0.33 0.33 304.8 10.61 10.68 10.87 0.79 0.70 0.72 0.70
298.9 12.15 12.14 12.22 0.41 0.35 0.35 0.35 304.9 10.42 10.46 10.48 0.67 0.64 0.85 0.83
299.0 12.15 12.14 12.21 0.33 0.38 0.37 0.37 305.0 10.25 10.27 10.26 0.62 0.59 0.59 0.57
299.1 12.17 12.15 12.20 0.23 0.41 0.40 0.39 305.1 10.12 10.10 10.12 0.60 0.55 0.54 0.53
299.2 12.26 12.21 12.28 0.23 0.46 0.45 0.44 305.2-10.09 10.05 10.10 0.59 0.54 0.53 0.52
299.3 12.42 12.33 12.41 0.30 0.54 0.51 0.51 305.3 10.09 10.05 10.10 ©0.59 0.55 0.54 0.53
299.4 12.50 12.42 12.48 0.40 0.59 0.56 0.56 305.4 10,07 10.03 10.07 0.62 0.55 0.54 0.53
299.5 12.55 12.46 12.53 0.50 0.63 0.680 0.60 305.5 9.97 9.94 9.97 0.82 0.52 0.51 0.50
299.6 12.60 12.51 12.59 0.48 0.67 0.64 0.84 305.6 9.76 9.72 9.74 0.54 0.45 0.44 0.42
299.7 12.65 12.56 12.66 0.45 0.71 0.68 0.69 305.7 9.48 9.47 9.48 0.45 0.36 0.35 0.34
299.8 12.62 12.58 12.66 0.50 0.72 0.70 0.70 305.8 9.35 9.32 9.36 0.41 0.32 0.31 0.30
299.9 12.53 12.49 12.57 0.55 0.70 0.89 0.69 305.9 9.31 9.29 9.33 0.40 0.31 0.30 0.30
300.0 12.39 12.34 12.41 0.56 0.67 0.66 0.66 306.0 9.30 9.28 9.31 0.43 0.31 0.30 0.29
300.1 12.22 12.17 12.23 0.56 0.63 0.62 0.61 306.1 9.20 9.14 9.18 0.44 0.28 0.286 0.25
300.2 12.09 12.06 12.12 0.58 0.60 0.59 0.59 306.2 8.99 8.88 8.94 0.34 0.21 0.17 0.17
300.3 12.18 12.11 12.18 0.60 0.66 0.63 0.863 306.3 8.74 8.66 8.71 0.23 0.18 0.10 0.10
300.4 12.27 12.21 12.27 0.58 0.71 0.69 0.68 306.4 8.62 8.80 8.64 0.18 0.09 0.08 0.08
300.5 12.36 12.28 12.35 0.57 0.76 0.73 0.73 306.5 8.87 8.70 8.75 0.17 0.11 0.12 0.12
300.6 12.46 12.36 12.44 0.59 0.81 0.78 0.78 306.6 8.83 8.85 8.88 0.19 0.17 0.18 0.17
300.7 12.58 12.46 12.54 0.865 0.87 0.83 0.84 306.7 8.94 8.94 8.97 0.22 0.21 0.21 0.20
300.8 12.67 12.56 12.64 0.76 0.92 0.89 0.89 306.8 8.98 8.98 9.00 0.21 0.283 0.23 0.22
300.9 12.66 12.60 12.87 0.87 0.94 0.%2 0.92 306.9 8.99 8.99 9.02 0.19 0.24 0.24 0.238
301.0 12.55 12.51 12.81 0.89 0.92 0.80 0.91 307.0 9.00 9.00 9.02 0.21 0.25 0.24 0.238
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Table 3 (continued) . 3rd contact.

P te(l) te(2) te(3) hw h(1) h(2) h{(3) P te(l) te(2) tc(3) hw h(1l) h(2) h{(3)
18h 54m 18h 54m

(o] s s s " " " " o s S s " " " "
307.1 8.99 8.96 8.99 0.22 0.24 0.23 0.22 312.6 9.22 9.30 9.32 0.22 0.08 0.10 0.09
307.2 8.91 8.85 8.89 0.1i1 0.22 0.20 0.19 312.7 8.23 9.31 9.33 0.30 0.07 0.10 0.09
307.3 8.76 8.71 8.75 0.01 0.17 0.15 0.14 312.8 9.26 9.32 9.35 0.29 0.07 0.09 0.08
307.4 8.65 8.82 8.87 0.09 0.13 0.12 0.12 312.9 9.28 9.35 9.40 0.26 0.06 0.08 0.09
307.5 8.61 8.81 8.85 0.21 0.12 0.12 0.11 313.0 9.34 9.43 9.48 0.29 0.07 0.10 0.10
307.6 8.63 8.64 8.68 0.23 0.13 0.13 0.12 313.1 9.49 9.56 9.865 0.33 0.11 0.13 0.15
307.7 8.69 8.70 8.75 0.22 0.15 0.15 0.15 313.2 9.71 9.75 9.83 0.37 0.17 0.18 0.20
307.8 8.75 8.77 8.81 0.22 0.1i7 0.18 0.17 413.3 9.88 9.92 10.00 0.38 0.21 0.23 0.24
307.9 8.80 8.80 8.83 0.22 0.19 0.19 0.18 313.4 10.01 10.04 10.11 0.35 0.25 0.25 0.26
308.0 8.78 8.77 8.80 0.23 0.18 0.18 0.17 313.5 10.11 10.18 10.20 0.33 0.27 0.27 0.28
308.1 8.71 8.87 8.71 0.22 0.16 0.14 0.14 313.6 10.21 10.22 10.31 0.37 0.29 0.29 0.30
308.2 8.56 8.51 8.56 0.12 0.10 0.08 0.09 313.7 10.36 10.36 10.47 0.43 0.32 0.32 0.34
308.3 8.42 8.44 8.47 0.01 0.06 0.06 0.05 313.8 10.53 10.51 10.63 0.49 0.37 0.36 0.38
308.4 8.42 8.46 8.47 -0.02 0.05 0.07 0.05 313.9 10.68 10.66 10.77 0.54 0.40 0.39 0.41
308.5 8.48 8.49 8.51 0.00 0.07 0.08 0.06 314.0 10.77 10.76 10.86 0.60 0.42 0.41 0.43
308.6 '8.52 8.57 8.60 0.03 0.08 0.11 0.10 314.1 10.86 10.83 10.97 0.85 0.43 0.42 0.45
308.7 8.63 8.69 8.72 0.07 0.13 0.15 0.14 314.2 10.98 10.983 11.05 0.68 0.46 0.44 0.48
308.8 8.79 8.85 8.87 0.13 0.18 0.20 0.19 314.3 10.96 10.98 11.05 0.866 0.43 0.44 0.45
308.9 8.96 9.04 9.06 0.21 0.24 0.26 0.25 314.4 10.84 10.92 10.95 0.54 0.38 0.40 0.40
309.0 9.14 9.19 9.22 0.32 0.30 0.31 0.30 314.5 10.82 10.82 10.96 0.45 0.35 0.35 0.38
309.1 9.30 9.35 9.40 0.43 0.85 0.37 0.36 314.6 11.09 10.94 11.21 0.51 0.43 0.38 0.45
309.2 9.49 9.53 9.59 0.53 0.41 0.43 0.43 314.7 11.54 11.38 11.68 0.64 0.56 0.50 0.59
309.3 9.72 9.73 9.83 0.82 0.49 0.49 0.51 314.8 11.96 11.97 12.11 0.77 0.69 0.69 0.72
309.4 9.93 9.92 9.99 0.65 0.56 0.55 0.586 314.9 12.38 12.39 12.49 0.87 0.81 0.81 0.83
309.5 10.03 10.083 10.08 0.86 0.59 0.59 0.59 315.0 12.58 12.58 12.67 0.89 0.84 0.88 0.87
309.6 9.99 10.01 10.02 0.67 0.57 0.58 0.57 315.1 12.56 12.81 12.69 0.88 0.83 0.85 0.86
309.7 9.82 9.86 9.87 0.66 0.51 0.52 0.51 315.2 12.54 12,861 12.67 0.89 0.81 0.83 0.83
309.8 9.65 9.69 8.70 0.56 0.45 0.46 0.45 315.3 12.55 12.61 12.69 0.88 0.79 0.81L 0.82
309.9 9.60 9.66 9.69 0.45 0.43 0.45 0.44 315.4 12.53 12.59 12.67 0.78 0.77 0.78 0.80
310.0 9.87 9.72 9.77 0.42 0.44 0.46 0.46 315.5 12.52 12.56 12.61 0.67 0.74 0.75 0.76
310.1 9.76 9.80 9.88 0.44 0.47 0.48 0.49 315.6 12.62 12.59 12.65 0.63 0.75 0.74 0.75
310.2 9.80 9.83 9.87 0.44 0.48 0.49 0.48 315.7 12.88 12.75 12.83 0.85 0.82 0.78 0.79
310.3 9.72 9.74 9.76 0.44 0.45 0.45 0.44 315.8 12.98 13.08 0.76 0.83 0.85
310.4 9.53 9.56 9.57 0.43 0.37 0.38 0.37 315.9 0.87
310.5 9.32 9.33 9.34 0.41 0.30 0.30 0.29 316.0 0.89
310.6 9.14 9.18 9.20 0.31 0.23 0.24 0.23 316.1 0.88
310.7 ©.08 9.16 9.18 0.23 0.20 0.23 0.21 316.2 0.88
310.8 9.17 9.26 9.30 0.26 0.22 0.25 0.25 316.3 0.88
310.9 9.35 9.43 9.48 0.33 0.28 0.31 0.31 316.4 13.10 0.88 0.75
311.0 9.57 9.63 9.72 0.38 0.35 0.37 0.38 316.5 12.984 13.08 0.88 0.68 0.71
311.1 9.82 9.84 9.94 0.43 0.43 0.43 0.45 316.6 12.83 12.89 12.96 0.89 0.62 0.83 0.64
311.2 10.07 10.07 10.18 0.54 0.50 0.50 0.58 316.7 12.74 12.77 12.83 0.88 0.56 0.57 0.58
311.3 10.24 10.25 10.34 0.85 0.56 0.56 0.57 316.8 12.68 12.66 12.74 0.78 0.52 0.51 0.53
311.4 10.29 10.33 10.36 0.68 0.56 0.58 0.57 316.9 12.66 12.61 12.69 0.87 0.49 0.47 0.49
311.5 10.20 10.27 10.28 0.66 0.52 0.55 0.53 317.0 12.68 12.64 12.69 0.64 0.48 0.48 0.486
311.6 10.08 10.16 10.18 0.56 0.47 0.50 0.49 317.1 12.74 12.66 12.73 0.65 0.47 0.44 0.45
311.7 10.01 10.09 10.10 0.45 0.44 0.47 0.46 317.2 12.81 12.70 12.79 0.66 0.47 0.43 0.45
311.8 9.95 10.03 10.05 0.42 0.41 0.44 0.43 317.3 12.92 12.82 12.90 0.68 0.48 0.45 0.48
311.9 9.87 9.93 9.94 0.44 0.37 0.39 0.38 317.4 13.05 12.94 13.01 0.65 0.50 0.46 0.48
312.0 9.72 9.80 9.78 0.46 0.31 0.34 0.31 317.5 13.03 0.65 0.47
312.1 9.55 9.63 9.61 0.44 0.24 0.27 0.25 317.86 18.10 0.66 0.46
312.2 9.41 9.48 9.48 0.29 0.19 0.21 0.19 317.7 0.66
312.3 9.31 9.38 9.40 0.12 0.14 0.17 0.16 317.8 0.54
312.4 9.26 9.33 9.36 0.09 0.11 0.14 0.13 317.9 0.45
312.5 9.24 9.31 9.33 0.13 0.10 0.12 0.11 318.0 0.52
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A (r—ny) =+0.56"£0.02", (for 4960 A)
and

A (As—2Ay)=—0.20"£0.027,

A (Bs~By)=—0.51"£0.07",

A (rs—n)=+0.52"+0.02", (for 4740 &)

6. Discussion

As seen in Figure 5, the observed lunar limb /% and that calculated from Watts’ charts Ay, show a very
good coincidence with each other. This fact means that our observation was made with a sufficiently
good accuracy as well as that Watts’ charts are correct enough at least for the regions considered. The
mean errors of 0.02” for longitude and semidiameter and 0.07” for latitude, for example, seem to be
reasonable in this respect.

Now we compare the present result with those which were obtained at the eclipses in 1970 and 1973
and published in this series of the Report of Hydrographic Researches. It should be noticed, however,
that in the past results the ephemerides were different from the current one.

Further, the solar edge defined in the 1970 eclipse analysis is 0.04” larger than that defined by the
inflection point (Mori and Kubo, 1971) .
So we have recomputed the reductions for the 1970 and 1973 eclipses adopting the completely same
standard and formula as the present reduction. The result is as follows:
For 1970 March 7:
A (A= Ay) =—0.17740.027,
A (Bs—fu) =—0.43"£0.07",
A (=) =+0.29"10.027,
For 1973 June 30:
A (As—Ay) =—0.26"£0.027,
A (Bs—pu)=—0.32"%0.147,
A (rs—n)=+0.44"£0.05",
The result for 1970 and 1973 is for wave length 4615A . So we need for a rigorous comparison to reduce
our present result for 1991 to the same wave lenght by extrapolation. After the reduction to the wave
length 4615A , we have
For 1991 July 11:
A (A=) =—0.20"£0.027,
A (Bs—fBy) =—0.50"+0.07",
A (rs—n)=+0.51"%0.02",

By comparison, we notice that the differences of the coordinates as well as of the semidiameter vary
fairly largely. The variation in the coordinates, which seems too large, may be partly due to the
incompleteness of the ephemeris. On the other hand, the change in the semidiameter is not affected by
the ephemeris and seems to be physically significant. Assuming that the radius of the Moon is constant,
the change in the radius of the Sun is well accordant with Gillliland (1981) .

Throughout the reductions above, however, we have assumed that Watts’ charts are perfectly

correct. Figure 5 and the corresponding figures in Mori and Kubo (1971) and Mori and Ganeko (1976)
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show that this is true at least relatively or locally in small regions of the lunar limb.

However, there exists a possibiity that the mean levels of Watts’ charts differ from region to region.
We can show a proof for that from the result of an analysis of lunar occultations of stars extending for
many years (unpublished yet) . If we apply this correction to the mean levels of Watts’ charts, the result
is affected considerably. Though preliminary, it becomes:

For 1970 March 7:
A (Ag—Ay) =+0.107£0.027,
A (Bs—pu) =—0.50"%0.07",
A (rs— ) =+0.327%0.027,
For 1973 June 30:
A (As—2Ay) =—0.247%0.02",
A (Bs—pBy) =—0.28"%0.14",
A (r—n) =+0.40"%+0.05",
For 1991 July 11:
A (As—Ay) =—0.177%0.02",
A (Bs—pBy) =—0.54"+0.07",
A (rs—wny)=+0.47710.027,
A detailed discussion on the correction to Watts’ charts and the final result will be published

elsewhere.
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2o BEIOBEH/OMER, KB AOMER UCHRERDEHEIZ DWT, REBORMEICH T X ERDOWER

A {As—Ay)=—0.20"+0.027,
A (Bs—pBy) =—0.50"£0.07",
A (3s—wy) =+0.517+0.02", (46154 )
F72, OB BRICKBBIR—OFETT - ZHEERANBER L L2225, KENEFIZD
WTHEBELBEE LIRS S5/, DEOHERIIBWT, ABRRNOBREBLIDLZ» LB EL ITITY, £
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