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Abstract

Since 1967 the Hydrographic Department of Japan has been conducting a surveying
project for the preparation of the Basic Map of the Sea on the Continental Shelves (scale
1:200,000), covering topography, geology, magnetism and gravity. The present paper describes
the results on submarine topography and geology in the area off San-in being based on the
surveying data in 19756 and 1976.

Three cruises were made for the survey (Fig. 4): by the Shoyo (1900 gr. tons) in
October/November, 1975 for 4400 miles (designated SI), and by the Meiyo (450 gr. tons) in
May/June, 1975 for 4000 miles (designated YA) and in May/June, 1976 for 2600 miles (designated
Si). Ships’ positions were fixed mainly by Loran C, Decca and NNSS. Soundings were made
by medium-deep water type echo-sounder (type NS-16) and shallow water type echo-sounders
(types NS-39 and -77). Submarine geological structure was probed by air-gun seismic profiling
system with acoustic frequency of 60 to 300 Hz. ‘

Main topographical features in the surveyed atea are a remarkably wide continental
shelf in the western part (YA-region) and a marginal plateau (Oki Spur) ih the eastern part
(Si-region). The continental shelf in YA-region have a width of about 120km and is divided
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into two flats by a group of shoals locating northward from Mi Sima. Another flat is
developed between the mainland (Honsyu) and the Oki Is. The Oki Spur extends northward
lingulately from the Oki Is. for about 140km with width of about 60-70km. (Figs. 2 and 5,
Tab. 1)

The acoustic stratigraphy in the surveyed area can be divided into E-, D-, C-, B~ and
A-layers in ascending order from the basement. A-layer is found on the sedimentary basins
and distributes almost wholly over the marginal plateau, excepting west of Dozen of the Okils,
and offing of Ota. B- and C-layers also distribute widely, but the former is lacked at the
continental shelf between Honsyu and the Oki Is. Although D-layer is found under the ,Oki
Spur, its extension is narrower than those of the other layers. In the other regions, D-layer
may be contained in the lower part of C-layer. E-layer, being adopted as the acoustic basement,
appears as opaque around the Oki Is., the Oki Spur and around Mi Sima, while it appears as
transparent along the coast of Si-region and offing of YA-region.

The trends of geological structure are NE-SW and ENE-WSW directions parallel to the
coast of Honsyu and the Oki Is.,, and NNE-SSW and E-W directions parallel to Tusima. On the
continental shelf in the surveyed area, two sedimentary basins are found: one off Nagato with
NNE-SSW direction and the other off Hamada with NE.-SW direction. Burried platform of
acoustic basement and dome-like seabottoms are seen on the Oki Spur (Fig. 3). Strata warp
downward, causing slumping widely, on the lower parts of continental slopes (Fig. 6).

The process of geological development can be summarized as follows:

1) After the deposition of E-layer, the basement platforms existing on the Oki Spur, around
the Oki Is. and north of Mi Sima were formed.

2) Tectonic movement began after the formation of the basement, so that the lineation with
NNW-SSE direction was formed at the western edge of Mi Sima, while undulation might be
larger on the Oki Spur, forming small depressions where D-layer deposited. The succeeding
movement became more active in the Oki Spur and caused large undulations of the basement.
Depressions thus formed as well as the basement platforms were covered by C-layer, Off
Hamada, on the contrary, the undulation was rather mild along the coast, producing several
basins on ‘which C-layer deposited.

3) Diastrophism became gradually quiet and continuous sedimentation developed B-layer espe-
cially on the basins and depressions which had been formed in the preceeding age.

4) Quiet age still continued after the deposition of B-layer. Gentle uplifting in N-S direction
toolk place broadly over the Oki Spur.

5) Continental shelf eroded repeatedly due to the alternation of lowering of the sea level
through the glacial ages. The marginal plateau extending westward from the Oki Is. was
carved and then submarged below the sea level. Finally through the erosion and sedimen-
tation in the last glacial age, the continental shelf was developed to form the present

topograhpy.
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Figure 1 Surveyed area off San-in
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3. EERiE (Fig. 5)
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Table 1 Continental shelf, marginal plateau and continental slope

continental shelf marginal plateau
location width (km) dfgﬁgf‘; ggf)er width (lkm) dﬁ{’ﬁgﬁf g;‘ff“
QXY;’E@% Hagi 120 140—150 2% 300
?&g-jggg%amada 120 155 20 300
NE. of Mi Sima — 160 — —
REJLES
i‘g'j%%a 20 145 60 400
Dézen to Hi-no Misaki
B — 140—150 — —
gﬁ%ﬁ’)mn 7 140 20 300
SE. of Dézen _ N o
B AR 120
N. of Dogo
Bl 7 150 T -
N. of Oki Is. o . EW-direction: W-side:
IR Bt 60—70 300—400
NS-direction: E-side:
140 400—500
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continental slope

location depth range (m) mean gradient
NW. of Hagi . o
b A 300—1100 2° 25
NW. of Hamada
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NW. of Ota
K AETE T 400— 900 2 02
NW. of Dogo ) -
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N. of Dogo .
Bt 300—1100 ) 2 52
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Figure 2 Morphological divisions off San-in
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ON THE WATER MASS CHARACTERISTICS IN AUTUMN ON THE
CONTINENTAL SHELF OF EAST CHINA SEA

Hideo Nishida* and Yoshiyuki Iwanaga®
Received 1977 October 12

Abstract

The water mass characteristics in autumn on the continental shelf of East China
Sea have been described based on the data taken during the cruises of R/V Takuyo of
Hydrographic Department in 1973, 1974 and 1975.

The XBT records contain very sharp seasonal thermoclines, and the vertical tempera-
ture profiles can be classified into four types, one-layer type, two-layer type, three-layer type
and continuous type. The distribution of these temperature types has a good correspondence
with the bottom topography.

From the temperature and salinity distributions, the bottom waters found below the
thermocline on the continental shelf can be well interpreted as the one which were formed
in the previous winter and has remained on the spot with no influence from surrounding
water.

Some records having temperature inversions and many-layer structures have been
also analyzed with the salinity and oxygen profiles, and these structures can be attributed

to mixing process between coastal water and off-shore water.
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Figure 5 Examples of temperature inversions on XBT records (1974)
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COMPENSATION OF ATMOSPHERIC EFFECTS WITH
A DUAL-CHANNEL AIRBORNE INFRARED RADIOMETER

Akira Yamazaki*
.. Received 1977 October 12

Abstract

The principle of compensation of atmospheric effect with a dual-channel airborne infrared
radiometer is described analytically. By adopting this dual-channel method, it is investigated
to what extent the atmospheric effect can be compensated without the aid of meteorological
data. The results show that we can expect an accuracy of +0.2°C in estimation of sea surface

temperature, so far as the measurements are not made at very high altitude.

1. Introduction

The measurements of sea surface temperature using an infrared radiometer
installed on artificial satellite and/or aircraft suffer from the absorption and emission
of the atmosphere and the non-blackness of the sea surface. Generally, detected
temperatures of radiometer show rather lower values than the true temperatures of
the sea surface. Recently, Saunders (1967) proposed a method to make corrections
for both the non-blackness of the sea surface and the atmospheric effects basing on
the double measurements made at a normal and a 60° inclined angle. On the other
hand, Anding and Kauth (1970) suggested that these effects can be compensated by
the observations through the two spectral bands selected in the infrared window
region. On this point, Maul and Sidran (1972) gave a comment that Anding and
Kauth’s (1970) result depends strongly on the atmospheric transmissivity model em-
ployed. However, the situation is different for the observations made from a low-
flying aircraft, because the optical depth of this case is so thin that it is little
affected by the transmissivity model. Accordingly, it seems that the application of
the dual-channel method to the airborne infrared radiometer would be very hopeful
unlike the satellite observations. '

In this paper, the temperature calibration graph which was found by Anding
and Kauth (1970) is derived analytically, and the accuracy of temperature measure-
ments using the dual-channel airborne infrared radiometer is investigated under
various atmospheric state,

2. The Principle of Compensation of Atmospheric Effeect
The infrared radiation in the window region measured from the aircraft can
be described by the radiative transfer equation

*Astronomical Division
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Niv (0) =exp( —1%) [e(0) B(T») +7(0) Ns(0)] + S;*B(Ta)exp(-t)dt @
where

Ny is the detected radiance,

Ns is the downward sky radiance just above the sea surface,

B is the Planck function,

T, is the air temperature,

Ty is the true sea surface temperature,

¢t is the optical path from the sensor in the direction of the objective,

#* is the total optical path between the sensor and the objective,

6 is the inclination of the sensor,

e is the emissivity of the sea surface,

v is the reflectivity of the sea surface.

The first term in the bracket on the right-hand side of this equation des-
cribes the contribution of non-black sea surface, the second term describes one of the
reflections of sky radiation at the sea surface, and the last term describes the thermal
radiation of the air column between the sensor and the objective.

Let us define the effective mean air temperature 7. by the equation

S:*B(Ta) exp(—1) thB(Tg)S:*exp(-t)dt=B(Te) (L—exp(—1%) @

Although 7. depends on wavelengths, the differences among them are so
small as to be negligible, so far as we are concerned with thin atmosphere.

(1) can be also written,

Nw(0) =B(Ts) +r(0) (Ns(0) —B(Ts)) + A —exp(—t*))Y[(B(Te) —B(Ts)

—7(0) (Ns(0) —B(T»)] 3
with (@) =1—r(0).

In order to express (3) in terms of temperatures, we expand the radiance in
Taylor’s series of temperature, and obtain

Tw () — To=r(0) (Ts(0) — To+06Ts) + (1 —exp(—1¥))

[Te—To+0Teo—7(0)(Ts(0) —To+0Ts) ] @
where Ty and 7T stand for the brightness temperatures corresponding to Ny and N,
respectively, which are called the detected temperature and the sky temperature in
the following.

In the above expansion, as the differences (7.—7%) and (75—7%) are not
small in general, so we introduce the corrections 67, and 7%, derived from the
following equation, which mean the contribution from the higher terms of the Taylor
expansion ‘

. _ B(T5)Coexp(Co/ Th) . '
B(Ti) B(Ty)= Ty Texp(Cy/ To) —1] (T§ Ty +5T§b) &)

with Co=hc/k
where £, ¢, 2 and % stand for Planck’s .constant, the velocity of light, the wavelength
and Boltzman’s constant respectively. Table 1 shows how the corrections varies with

Te. and T, between the wavelengths.
§
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Rewriting (4), we get
T/ w(@) =T+ A —exp(—)) [(Te—To+0Te) —1(0) (Ts(@) — T3 +-0T5)] )

Table 1 Corrections for expanding radiance as a linear function of temperature

Tp=30°C Tp=20°C
T—Ts T T—Tp+6Ts T T—Tp+0Ts
18.7 2110 28.7u A11.0p
+ 5°C + 35°C + 5.15°C + 5.10°C + 25°C + 5.16°C + 5.11°C
0 30 0 0 20 0 0
) 25 — 4.86 — 4.90 15 — 4.85 — 4.89
—10 20 — 0.42 — 9.60 10 — 9.38 — 0.56
—-15 15 —13.72 —14.07 + 5 —13.62 —14.01
—20 + 10 —17.74 —18.39 0 —17.57 —18.25
-30 0 —24.99 —26.38 — 10 —24.60 —26. 07
—40 — 10 -31.23 —33. 57 — 20 —30. 58 —33.03
—50 — 20 —36. 53 —39.97 — 30 —35.58 —39.16
—60 - 30 —40. 96 —45. 61 — 40 —39. 67 —44. 49
—70 — 40 —44. 59 —50. 51 — 50 —42.96 —49. 04
—273 —55. 28 —69. 26 —273 —51.73 —64. 88
Tp=10°C Ty=5°C
T—Ts T T—Ty+06Ty T T—Te+0T
28.7u 211.0p 28.7u A11,0p
+ 5°C + 16°C + 5.17°C + 5.12°C + 10°C + 5.19°C + 5.13°C
0 10 0 0 + 5 0 0
— 5 + 5 — 4.83 — 4.88 0 — 4.82 — 4.88
-10 0 — 9.33 - 9.53 — b — 9.30 — 9.50
—-15 . - 5 -—13.50 —13.93 — 10 ~13.43 —13.87
—20 . — 10 —17.36 —18.09 — 15 —17.25 —18.01
—30 -~ 20 —24.18 —25.73 — 25 —23.94 —25.54
—40 — 30 —29. 87 —32.45 — 35 —29.49 —32.13
—50 — 40 —34. 54 —38. 28 — 45 —33.99 —37.81
—60 — 50 —38.29 —43.27 — b5 —37. 56 —42. 62
—70 — 60 —41.23 —47. 46 — 65 —40. 33 —46. 62
~273 —48.29 —60. 63 —273 —46. 61 —58. 56
where
T w(0)=Tw(8) —+(0) (Ts(@) — Ts+0Tss) D

The second term on the right-hand sides of (7) means the non-blackness
correction termed by Saunders (1970). Using a PRT5 (manufactured by the Barnes
Engineering Company), Saunders (1970) obtained the non-blackness correction values
for various weather conditions as shown in Table 2. In this table, we can see that
the non-blackness corrections are small. As already stated, we are concerned with
the dual-channel method in this paper. In this case the non-blackness correction
_appears as a difference between those for two channels, so that this effect will be
more smaller than the case for single channel. For example, even if the estimation
error of the sky temperature is about 10°C, it will not affect the result more than
by about 0.1°C. In practice, therefore, it will be sufficient to use the corrections de-
termined empirically for typical weather conditions. Then in the following, we shall
continue the discussion on the assumption that the non-blackness corrections are
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already known.

Table 2 Non-blackness Correction (1970, Saunders)

Cloud Range of
Height, Correction,
Cloud Type km °C
Clear ‘ 8 0.5 —0.7
Dense cirrostratus overcast 8 0.4 —0.55
Altocu or altostratus overcast 6 0.25—0.4
Stratus or stratocumulus overcast 3 0.2
Stratus or stratocumulus overcast 2 0.1
Stratus or stratocumulus overcast 1 0.1

As the transfer equation (6) holds for each spectral band of the dual-channel,
we shall distinguish between them with subscripts 1 and 2 as follows:

T'ywi(0) =To+ (1 —exp(— ) [(Ter—To+0Te1) —1:(O) (T () — To+0T51) ] (8)

Ty (0) =Ty+ (1A —exp(—~t¥)) [(Teo— To+0Teas) —13(0) (Ts2(0) — To+0T)]  (9)

The next step is to eliminate the terms of atmospheric effect from these
formulae. Performing an operation (8)—(9) x (&,*/£;*), we obtain

T o (0) — Ut T (0) = A—1,% /) T+ 4, elh)
where A=01—exp(—,"))[(Tea— To+0T o) —73(Tso— To—0Ts) ]
— (¥ /0 L —exp(— ) [(Tear—Ts+0Te1s) =1 (Tsi— To+0T51)] an

If 4 is negligible and #,*/t,* is constant, (10) shows that there is a linear relation
between 7"y, and 7”w,. In other words, this means that when each pair of these
temperatures is plotted as a function of atmospheric state, these points are distributed
on a straight line which corresponds to each surface temperature 7. Consequently,
if once such linear relation can be established empirically or theoretically, we can
easily find the true surface temperature from this relation independently to the
atmospheric state. This also means that we can regard (10) as an analytical ex-
pression of the temperature calibration graph found by Anding and Kauth (1970,
Fig. 6), and that Saunder’s (1967) double angle measuring method corresponds to
the case of #,*/t*=1/2 in (10).

In the above discussion we have assumed that 4 is negligible and #*/#* is
constant. In the following, we shall evaluate the effects of 4 and #*/f;* on the
result.

3. Discussion

As is evident from (11), 4 depends on the absorption coefficient and amount
of absorbing gases, and the temperatures of sea surface, air and sky. Assuming
various values for these parameters and calculating 4 from (11), we can estimate
the surface temperature errors 47, arising from neglecting 4 term in (10). Fig. 1
shows the behaviour of 47T, versues #,*/f,* with #* as a parameter.

Let us denote the amount of water vapour between the sensor and the sea
surface by «* (pr. cm unit), where we assume that the contributions of other
absorbing gases can be neglected in the relevant spectral regions. ‘As extreme
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condition for the summer season in Japan, we assume u*=0.7pr. cm at the altitude of
about 300 metres. From this value, #* can be calculated using Davis and Viezee's
(1964) infrared transmissivity model, which was used by Maul and Sidran (1972) in
their comment on the results of Anding and Kauth (1970). The value of #* for the
wavelength interval 8.3~9.1u becomes 0.1. In other seasons, it will become smaller
in general. As is evident from Fig. 1, the curves #,%<0.1 are contained in the region
T5<0.2°C. As a result, we can conclude that so far as the measurements are not
made in the extreme high humidity and from very high altitude, the neglect of 4
will not affect the result more than by 0.2°C.

Next we shall consider the constancy of #,*/#*. The spectral region 8~13p
is well known as the thermal infrared atmospheric window. However, this region
contains many selective absorption lines of H,0, CO, and O,, so that band absorption at
this region does not obey the Lambert law. Accordingly, even though the atmospheric
composition is constant, it is feared that the constancy of #*/#* will not be held.
In order to see this fact, we calculate 77w, — 7% and 7"w,— T» as a function of atmo-
spheric state from (8) and (9). The results are shown in Fig. 2, where it will be
noted that the ratio (7%wy— T5)/(T"w,— T3) nearly equals to #*/f,* from (10). In
this calculation, the pair of spectral bands 8.3~9.1y and 10.5~11.4y is selected after
Anding and Kauth (1970), although our bands are not exactly the same band widths
as theirs, and we refer the reflectivity of the sea surface #,=0.02, 7,=0.01 after
Buettener and Kern (1965). For computing the infrared transmission we employ
the model developed by Davis and Viezee (1964) as before. The other necessary
parameters are shown in the upper left-hand corner of this figure.

As is clearly seen in Fig. 2, the plotted points (T7yy—T3)/(T"wi—Ts), i.e.,
4,*¥/t,* show a slightly curved line in ‘accordance with the change of water vapour
amount. However, their deviations from the straight line shown with <73, which
are chosen to minimize the rms orthogonal error, are very small. For reference, the
straight lines corresponding to 734-0.2°C and 7%--0.2°C are shown in the same
figure. The fact that the plotted points all fall between these straight lines implies
that #,*/f,* can be regarded as a constant to the extent of the aimed accuracy of
0.2°C. Here it may be noted that if £,*/f*=1, all plotted points fall on the same
straight line independent of surface temperature. In order to avoid this, therefore,
we must choose such optimum spectral bands that the ratio of #,%//,* is as small as
possible.

Recently, Bignell (1970) suggested that the continuum absorptions of the
window region would strongly depend on water vapour pressure, and their magnitudes
are more than about three times as large as ones employed hitherto, However, his
model is not employed in this paper, since his report deals with pure continuum
absorptions apart from the selective absorption. However, it seems that even by
Bignell’s model the results would not be grossly different from the present ones, so
far as we are concerened with a thin atmosphere.
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Figure 1 Errors arising from neglecting 4 term in the temperature calibration
equation (10) as a function of the optical path ratio
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Figure 2 Detected temperature in channel 1 vs. that in channel 2 as a function
of atmospheric state
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4. Conclusions

As we have seen in the preceding section, it is expected that the dual-channel
method is very useful for the determination of the true surface temperature using
the airborne infrared radiometer. However, the atomospheric transmissivity model in
the infrared window region has not been established yet. Consequently, it appears
to be easier to determine #,%*/¢,* empirically from (8) in order to find the optimum
pair of spectral bands. To do this,” however, we must know in advance the values
of T, contrary to our purpose in this paper. Fortunately, the airborne radiometer
observations make it possible to obtain data at various altitudes. From these data,
the true surface temperatures are determined by the following procedures: 1) extra-
polating to zero-altitude, and 2) applying the non-blackness correction mentioned in
section 2. Once £,*/f,* is determined emprically, the true surface temperature can
be simply obtained from the temperatures detected by the dual-channel infrared radio-
meter independent of the atmospheric state, the flight altitude and the inclination
of the sensor.
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Abstract

Since 1967 the Hydrographic Department has been carrying out the marine magnetic
surveys on the continental shelves around Japan as a part of the project of the Basic Map
of the Sea. Some analyses using these data have been already published by Oshima et al.
(1975) and Segawa et al. (1976). Among various interesting features found in the magnetic
survey data, the present paper deals with analytical studies on the anomaly caused by
Seamount Zenisu Oki, located in the northern part of the Izu-Bonin Island Arc, and on the
remarkable negative anomalies in the southern part of Okhotsk Sea (Oshima et al., 1975).

Talwani’s (1965) method of the arbitrary shaped model is applied to evaluate the
magnetization vector J together with the regional bias B, Test calculation for this method
is made for Seamount Ryohu to yield satisfactory agreement with the result by Uyeda and
Richard (1965), (Table 1). Then, analyis is made for Seamount Zenisu Oki, which is appro-
ximated by a polygon of five layers (Fig. 2), taking the depth of the seamount top to be
2200, 2700, - , 5200m, successively (Table 2, Fig. 3). Tendency of G-value obtained from
the analysis suggests that the anomaly source locates at the depth of 3300m, i.e. about 1000
m below the actual top of the seamount.

Comparing the inclination and declination derived from the most probable value of
J with those at present, it may be considered that the seamount has drifted for about 15°~
;20° northward from its birth place to the present location. However, it remains another
possibility that the seamount was formed in the west, because the position of the paleo-
magnetic pole derived from the value of J deviates considerably from that by Nagata
(1961).

The negative anomaly in the southern part of Okhotsk Sea (Fig. 5) can be divided
into regional and local properties, The regional anomaly is the one distributing from Japan

Sea to Okhotsk Sea (Ueda, 1976). Model calculation is made to interpretate the local anomaly.

* TFHE/KBEEIMER  Simosato Hydrographic Observatory
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It is found that a prism shaped body. having the mag}letization vector of declination=0° and
inclination=—45° or —90°, shows similar feature to the actual local anomaly. This fact
suggests that the basic rocks in this area were magnetized in a reversal epoch during

Neogene Tertiary.
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Figure 2 Observed total magnetic force
anomaly (7) of Seamount Zenisu Oki.

Analysis is made using the data obtained at
the circled points with seamount model
whose depth curves are shown by polygons.

33°30'

139°

Figure 1 Bottom topography .
off Izu Peninsula. 138°20’ I 138°30’
Figure 3 Calculated anomaly (y) of Seamount
Zenisu Oki, using model 3 in Tab. 2.
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Figure 4 Goodness ratio (G)
against depth of
Seamount Zenisu G 2:5 —
Oki models. 24l
2:3
22r
2.1 F
2.0 R B
2 3 4 5 km depth
Table 1 Comparision test on Seamount Ryohu.
Case Declination | Incli- Intensity | Goodness gg}:oﬁzﬁ?gsc
(geographic) nation (emu) ratio Latitude | Longitude
TOp 3 km| ) o - ° o
~  [“Bottom 5km| —16-2 7.5° | 0.79%107 7.2 +49.9 351. 9
[7]
=%
9 Top 4 km o o o o
o = 12 Bottom 6 km —16.3 5.4 1.08 ~ 7.9 +50. 8 352. 3
g g T 5 &
op K11 . o o o )
':% 3 Bottom 7 km 16. 3 3.5 1.46 » 8.4 +51.7 352.9
3 4 Top 6 km _16 3° 1.8° 1.84 # 0.0 +52. 6° 353, 8°
*Bottom 8 km| * : : . . 53.
o |1 Top 3 km o o R .
g'§§ 1. Bottom 5. 2km —16.1 2.8 0.60 ~ 2.4 +50.5 351.9
r—
gﬁv Top half
& 12 non magnetic —16.8° 2.2 0.94 ~ 3.4 +50.0° 352.7°
Table 2 Model calculation on Seamount Zenisu Oki
inati ; Paleomagnetic
Declination Intensity | Goodness &
Case . Inclination ' pole position
(geographic) (emu) ratio Latitude | Longitude
Top  2.2km R _ . .
1. Bottom 3 5km +44.5° 16.2 1.16x1072 2.20 +41.9 249. 6
Top 2. 7km o o o °
2. Bottgm 1. Olem +42.5 17.6 1.35 ~ 2.31 +44.0 250. 5
Top 3. 2km o . .
3. Bottom 4.5km +40. 9° 18.8 1.56 ~ 2.40 +45.6 251.1
Top  4.2km o o .
4. Bottom 5. 5km +38.6 20.7 2.02 » 2.31 +48.0 252. 0°
Top 5. 2km o o . N
5 Bottom 6.5km +37.3 22.0 257 2.17 +49.3 252. 4
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Figure 5 Geomagnetic total intensity anomalied Contour interval is 50 y. Solid lines start for
positive values and dotted lines for negative values.
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(1) Polarization vector:

(2) Polarization vector;
dip=+45°, dec.=0°, J=0.01l emu.
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(3) Polarization vector: (4) Polarization vector:
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Figure 6 Magnetic anomaly (7) caused by a prism-shaped source, which locates at the depths
of 5 km at its top and 20 km at its base. Its horizontal dimension is 5X5km (shown
by square). Ambient field vector (assumed): dip=-+45°, dec.=0°.
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Abstract

The block gravity means are necessary for the computations of geoid, deflection of
the vertical and other quantities gravimetrically. The block means can be estimated by
a linear combination of point observations, e.g., gravities and topographical data. The
coefficients of the linear combination are calculated by the least-squares method to minimize
the estimation error. The topographical data are feasible only when a relation between
gravity and topography is available. As gravity and topography.are often correlated linearly
(Fig. 1), it may be effective to utilize the topographical data in estimation of point gravities
and block gravity means.

In order to apply the least-squares method, various covariance functions are needed,
e.g., gravity-gravity, gravity-topography, topography-topography, and point-point, point-block,
block-block covariances. When a covariance function of point gravity anomaly and a relation
between gravity anomaly and topography are known, most of the covariance functions are
calculated from the covariance function of point gravity anomaly (as shown in egs. (12),
(14), (16), (17) and (38)), adding the error covariance functions (N in eq. (12) and U in eaq.
(15)). Therefore, the covariance function of point gravity anomaly is basically important.

The estimation error of block mean of free-air anomaly is the sum of those of
Bouguer anomaly and topographical height. As Bouguer anomaly is usually less scattered
than free-air anomaly, the estimation error of block mean of Bouguer anomaly is expected
to be smaller than that of free-air anomaly. Therefore, when accurate block means of topogra-
phical height are available, it is effetive to estimate the block mean of free-air anomaly
through Bouguer anomaly (eq. (24)). In this case, the estimation error of block mean of
free-air anomaly becomes the same as that of Bouguer anomaly (eq. (25)).

The representation error is defined as the error of estimation of the block mean
when a point value in the block is taken as the mean value of the block. Concerning the
representation error, the situation of error quantities existing among the representation
errors of free-air anomaly (%), of Bouguer anomaly (m%) and of topographical height

(m%) is the same as the case of the estimation error mentioned above (see eq. (32)). A

* [EEKERERMIFT  Sirahama Hydrographic Observatory
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covariance function of the local gravity anomaly in Japan (eq. (33)) ‘obtained from the
deflection of the vertical is used to estimate the representation error of free-air anomaly
(by eq. (29)). The estimated representation errors for various block sizes are compared
with the actual data obtained by Ono (1976) from gravity distribution in certain areas
(Table 1: the 3rd row (estimation) and the 4th row (actual), and Fig. 3). The coincidence
between the estimated and actual values are quite satisfactory for larger blocks of 10km
square, but for smaller blocks, the opposite is true. The covariance function (eq. (33))
should be modified for the part near the origin because it has not a zero first-derivative at
the origin. The zero first-derivative is a reasonable requirement from the physical chara-
cteristic of the anomaly field.

In the ocean areas, since the density of gravity measurements is small, the utilization
of depth data may also be effective to estimate better block gravity means there. The depth
data are converted to gravity anomalies through conversion function (such as Fig. 6 by
McKenzie and Bowin, 1976)., Although this kind of conversion function has not been tested
widely, we may expect that the depth data can be used effectively in estimating the block
gravity means in the ocean areas.

Key words: block gravity mean.
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Figure 1 Relation between observed gravity and height,
(a) for Volcano Mihara (after Yokoyama and Tajima, 1957)
(b) for Onikobe area, Miyagi Prefecture (after Rikitake et al., 1965)
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block gravity means (based on covariance function (33))
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Table 1 Comparison of representative errors

Block size

B= 1km
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BEHTO &3 2hwi, GHRIFEBCEAREOENRFOMTREDLTORVWEEL L. THRAER
[REBRONTHHEEEELNEIYUROC L THS.

mGal

100

10

1373 16km PLED T v o 7ic3td 2TE ORFEBRE IR RS

Zhid, —iKid, B)OHBBIEREREATO 1 kK

o Free-air
« Bouguer

B

100

Km

Figure 3 Representative errors by Ono (1976) and those calculated
from covariance function (33)
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S5, REFRRBEALTUTARBEREBTEY, 7 ) -2 T7REICHI 3 bDEr=4.3 /B(B : km)
mGal T HH 513 RFIEEE Table 10 5FHIC, 77— REICKHT 5 b0 Ep—1.12B1 mGal ©RK M
57 —rEEOREBEEE TTEHCBYTCHS. BoTERRFOBELEREO 7 —-rEEORBRHEETH 5.

@icdhid, 7V -z TEELT-rREEOAEREEZOER, HEARORFRBICHY TS EELA LN
30T, WEREOoREEESE

Ent =3 (Ert—Es)

t=0.112mGal/m (p=2.67)

TEEL 72 D% Table 1 DRBEOTFICRL Iz, CHERBOMET -2 0 6B BEEHBL TAB T &
BB RIETH 5. Table 1 £FPRL b DA Fig. 3 TH 3. 1 10km PFO7 vy 7 icktd aEm
EDNEBELHERETRE VB - T ABFHEHS NS,

6. THooJALBNF-INENEEZOT R I EYEOHE

W R7 ey /BT -2 8B LS b LBIFATE 2 DY TH 20, COBEYREEIRELIN
3. PHESRATHLT vy JOFAT, T oy 7 EHEBOOATOAEEIINEDT a .y 7 L E4%
FIHLTRMO T vy 7 PHEEHETE 5. bbb, AP ARLNET 27 0y 2 DEIEEESEE W) &
RS, HAOBENRET vy s FEEEIHEEED T vy 7 PHHOBEESTHET 5 T L AL 5.

~ N __ N __
dgp =i§laidg i+ LZ=} 1/3 hy (30
Boi AL ERREATT v v 7 EEEOHEEEOTY 2 Fah Sy,
me=M{(dgp—Agp)?)
:51717—2; afphZZl ﬂll:;pl-i‘zzilzllaiﬂzﬁu
+Zi§aiaj5ij+z?§ﬂlﬁmﬁlm (35)

%85, cTC HEeNThEAREDT vy o FIE, HIEEDY 0 v 2 FEED H OB, B i
HHRE 7 0y 7 FHEEHEEE T 0y 7 PEEEOHERBEEETH 3. @B)ER/MNCT B a, St

b;au th (42 b;zm
& SN
Bhg Hhh ,8 Bpg
THA 55, GOHOTFIONEIIE 2HOTHOREEL SHOMTHA >, WEUERET 5 &

Biy=aCy
= = = @n
Hip= atClim - Nim

2%50T, (36
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L, X=A-R COXEROLLEOT 0y 2 PHEOTY 2 FER
= E—pp_ETz—lI:E
BB, 78y 2 PO E IR |
Coy=m{-% ([exe) doi L ([ ey dos)
b7 %
=$ﬂ ﬁ C(Xs, X)doido;

Z Z’j
THBMS, BHEEOHOHBERSAN TORERD N 5. BEFUROTEDAIHBALTHECEE
T5. Fig. 40 L5 1L BOEFET vy s 2z, HOBEHEErFEHOT 0y 7 OB

(38)

Con(nB)= 1}1}4 ﬁ ”C( [ Xo— Xn|)doodon
20 Sn
= g‘;i .i.\‘exp(— | Xo—Xn|/D)doy don (39)

0“n

TEHESNS. B9% Co THRILL
CnB)=C <11D%> =CnD+L)=C(nLD)=C (XD)
TR AFERLEBLIb 0% Table 2 & Fig, 5 iR Fig. b ofig biciisn Tt s n(l) £ 30

B3, L(=B/D) OfficiHS T 57 vy 7 PHHEOHEHEMK Lo 2B IKdd 2 HOMEERL TN 5.
Fig. 5 IcH2#b, 7ov 70100k XSH covariance distance D It TR & {5 (BLD) 1556

B |
8

7

20

Zy

2y

Zm

le
I\

ng ,{

Figure 4 Block array for computation of a block covariance

Table 2 Block covariances

Llin=|0 1 2 3 4 5 6 7 8 9 10 12 14 16
05 X=10 2 4 6 8 10
' 0.406 0.I51 0023 0.03 0.004 0.001
. X= |0 1 2 3 4 5 6
0.619 0.363 0.140 0.052 0.019 0.007 0.003
\ X=|0 05 1 15 2 25 3 85 4 45 5
0.781 0592 0.368 0.225 0.137 0.081 0.051 0.031 0018 0.011 0.007
. X=10 02 05 075 1 12 15 175 2 22 25 3 35 4
0.882 0.766 0.603 0.472 0.368 0.287 0224 0174 0.136 0106 0.082 0.050 0.030 0.018
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& R 2 Bicdd 57 ey 2 HEHEBIOE B CHBEEHG) L BRI ERTERY. #B

D

TH%. CO) it r<B T, WO)DOBILENTY X, FEr=0 BN TT |y 2 PEEOFY 2 CIc 1

3. CRhT, HROBEHCENTIEUNZMOEC LI VENRFEDOT vy 7 PHEEEETE 2. CTTH

B LMEND LD, BIEHROBENEE) S global LEHRYE (SAO-SE3 (18x18) THA bh T aHl

HEHRT VY v VORBBKCHESNZELEY) 5L HBRVOENREICHT20THHC L,

o, B LEINIERZEHREOT vy 7 PEEAEHET B, residual anomaly O 7' v v 73
AEARD B ENSIBTHNIE NI S5, F /-, residual anomaly OESEE 01CT 2 dic, BEHEE

OFREBETICEbUEENAS.

5(7')=C0 exp(—L) r>B, B<LD 40)

=0, point covariance

T T T T T T
L=0-257 I\ 1(0.25)
L=0.5 1(0.5)
r L\‘/
)
| L5 ‘
1(2)
0.4}
2(2)
0.01 |
0'001 1 i 1 1 L 1

Figure 5 Block covariances for various conditions
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7. BELBIBZENRETO o I EHEOHEE

R B 2 BT R OB ECE R -6 134720, Gaposchkin et al. (1973) 2 1°X1° 7' m w 73
H{#i%{fi-> C block covariance 25T 4. ZOEIC LN, FEHEE & B TRABEROENE > T
BEICRALS. Tuy s PHMEEET 255 L TERRE TIORNFFEN T 0% BRI BT ORI
ATEEN, ko, BB 2R S EHEFOMAMDRZOEITERATELL., ADTLO,
HOICOKEd ERNT, BHEETOXKEEENEEOBERE

d=a' dg+ (") +n! 4

ELTRATERN ESFARON, COMRORYEEELRELD SRATHRY. 2 LT, BEHOBNE
LWESHEN T B C LD, BRSE TR T 2 OEHOKESEHRBICHEVHET 5THS .
R DKEELEN EDORRICET BP9 (McKenzie and Bowin, 1976) i« ki, T4 EFEOKE, 510
~20mGal OFETHFETE 3 CEPRBEHECBF 27— 2 b L AHShTH S, Tabb, ARLOESKS
W BEAME, Z O LICEME T LIokET — 405

m
Ags=l 2 fidsvi+-es (42)
==m

k> THESNE. e WAKEERMUAERTH 2. fi BERE RN > TS E0H 54, &F
Fig. 6 (McKenzie and Bowin ic k%) O k5 gk L BT 5. FRER (S &dl& L Ti3EaHh
BHERL, BERTR-EDELAE—2E2F-TH5. 20T &ML, HVERNE L TRUDMBFHTE ST
H55. 2R 1IRTOEFETHIH, 2RILELTCHRBLBREIRDONLITHAS.

(42) & FHOBK

m

ds=l SUf Agsiitns (43)
=m

SRUTBEEZERAGNBOT, f/ 2O O (e & d OMFHRTHEZNETE) LT W) %2

0.005 .
0.004 ¢
0.003 r
0.002 r
0.001 |

aofﬂ;ﬂ/

-0.001 1

Figure 6 Conversion function of bathymetry
to gravity (after McKenzie and
Bowin, 1976)
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RO DIE
Gy ={} 7" (lr—rs D) dgrrdons D)
As
THRHLTCEETE. As @ S BEFLET ¥R ROFGTH S (Fig. 7T2R). COLXEHIRRLRREL
DB

Bp=B () =M [4g(r)d @) = [/ (Ir=rs YClry, 1) do (45)
As

S, EHEEOE OB OO U b A, KED H BRI % /-

Dyps=D (rp, 1) =M (dGp)d o)) = §§ 77 Cr—ralor Qi =1y ydodor +Nps (46
, As Ap

LEG B, BHREOT 7y 2 PELKREOMEHBIERS
Bys=Mdgpds) ={{ £ (|r—rs]) M(dapdg) do={[ ' (r—rs) Cor)do 4n
As As
ThH5. (45), (6), UNXHE 2MOMLTHIEEEHE LTHV A EickD, BHRIcE T 2ENRTEO
T r oy PEEDSHEETE . KETRENOBMBEI NS W b b, KELEIEOBRENS C L1,
EHREOT 0y 7 PEEENET 25 L TREUHG L5 C LRHBHTH 5.
WEPEHIR T I 6 MO HEDEEE 25, UODPSHSETNETET By 7 Do TOKEOTHME

3}=“F§Oﬁdgﬁdda+ﬁ;
As

Fi () = L7 Gr—riDdos
s

LEFLOT,
Bps=M(dgpds) =SSF'S (MCp(1)do
As

5m={j“FKnFMW)c@mwdamﬂ+Kas
As Ap

Z@NORYIACNERNC &t 5.

8. &bbic

1975 ST B B Sl Geos-C KM S hcEEE (altimeter) €& - C, FRCHEHE O ZHMANC 1m
PIAOBETRIES 225D, Y44 FEEHEO topography & OSMESEEOMBE L - T 5. HIKEAH
ARG EBHEO YA 4 FOHMICE, BREOENRET 0y s PHESAEL S0 5. BAOMHMS LU
ZORLOBH BT 2BHF 2 OEHBOEATEY, HARZOY A4 FAHET 200K, BARIEH
OB IEHRET vy 7 EEENRETNG. EHY A4 FOFEAEG, EEICGEPOEREMNCLT, &E
W shizbE->TREL, EHCE-Th7 ) — = 7TRERD SZHW -7 vy 7 FHEEH - T, R
HAFBOYA 4 FRBERSN TN S, 7 ) - TRERDP SFEHI- 27 a0y 7 FHGHEE, £ OBZ0OFN
BHFhLL, ThhoFRENE VA1 FORBEORMLBRTHN. - T, EROBEHREMOKGET —
AEHEICLT, CETRNLIBHERETT 0y 7 EEEEE 2584 OPEEUROGICER EE L o1
B i, BHF—20BMCIBLTT vy 2 FIEETELEBTC L OBETH 5.
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Bl 2 EEEIRIMF TR 2RI L0 2 2%, BEHEEPHIE ORI T oREEREN L &iIcid, ¢
OFEGEY EEZABOY, HAROHHERICE Y 2% (Ganeko, 1976) B L OE 5 Mic KON 2@y, D
METREE SRS BN, T THRNIHERTFAERETE 28005,

B/N2RHEELT 7 ) -2 TREOT vy o Tl (FRRAEFRHEOME) 2HET2KRICHE, K0T
v 7 PHEPEERS B GNEBVRY, T4 REENTZ2 ) FaDEL, L5, BHREENEVE
FCHIEATER T 5 T EAEZL D C ENHBENTH A D, FHCEFHIN TIIKEF — 2 OREMNET L 3, ©
Dfedicid, FIKEELENRFEOBRBREBRFAER S, WFhik LT, BHEL S OHIE - KEF —
&7 7 A NORARTRPETNS.

& £ x #
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A FEW COMMENTS ON THE BASIC DATA FILE
OF THE MARINE GRAVITY

Atusi Tokuhiro*
Received 1977 Octover 12

Abstract

Since the opening the marine gravity measurment in the Hydrographic Department,
the acquired data have been accumulated to tens of thousands. The tendensy of such data
accumulation was accelerated when the new T.S8.S.G. with a minicomputer designed for on-line
real time data processing was installed aboard the Shoyo in 1972 and the Meiyo in 1974. The
problems with which we are concerned for the huge data stock today are stated on the three
subjects, 1) the data format basically works for the data exchange, and new techniques to
retrieve the needed data out of the data stock must be developed for the data users, 2) the
data sequence in the data files has a significant meaning from a view-point of data user,
3) COBOL must be useful in the scientific data handling.

Finally, as an example, mesh area data file drew from the on board data files are

proposed as a basic data file from which user’s file can be compiled.

1. EANE

FRAN425E DR BEER IR TR SCHIR | 1SR X 2 B 0¥ REAHIEORE & UTidg Sl =3
253 T B » TS HHFNS2E D [FHRE T 1 Z OB, 256/ A U 7o, TS & COMBRBEIIME s d
DFFTHHS HRIKKATON S, COF — 2 ORI KK ANEF42EIC TS U OB T LU e Rl @
BOEAKDIDDORBI X » THELALZSDTH » T, CHIHEEHEE LTEL SN TV ERFEOEOER
XD 723 OREA RN S MAUPEHE 1 5 A2 L OBATHICHEL LK bl » TF — 2 ORI T L b
ThHAH. COEPARELEETOENEE U CREFEAREEEPEFTPEEAERNATTOHEINT
W5 EEENEONERESERCALLTEY, BEEDMELMEL TR0 ) M VOBEZR/ED
ZELEBTIEEM -1, BETRL I )V vOllEBEORECEL TS RCOBEOEETIEL
DOEIEZO S OPIBEICRETSH 54, HOBRNERT XA LL ABETHNT 28RE Hcd 5. 7
-2 BEEERINT L0 0TEEL, BARF —4B0AIKBEIEREN T 20 L - TZ OIEESYE

* MEPEITA 2 Marine Research Laboratory
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DU ohd. 20 EFBHIT— 2 OMEEBETEHERIC L > TEBT 2500 ENE LD &85,

2. BLEHOBE
KEGESTHEE L T 21 LEDREER L ORESY» SEFHEROERMSFHRE L » T eh b, B
O &5 N CEEREOBTHERSTRCF A TE RS - M OKERR, MERoRET — 2 o—fEumic
BT 3FHEBRENASBRABETS » /o 49 5 FEHON AT, —BEFOZTICETHEROTIM £HE
ELT el X ST, TORICRIATHAHHMELNRCREETCLRBERI L TH -1, 4h5IRD
Eo ThbNEEDOREBHEBERA TN ENS L EMNTE S,
—DRBENNEOHRIEN L5 — 2 HEOHLEO/HICBTHERIOIRERLEAM VST E, =D
BEMOEBAEL S VOB TRMETE 2, ZBHELTERSNE—HOF — 227~ 2 OR#AFE LT
F=2 OFABREDLS Y —ERTRENENI L, OZHTH S, 1 BIV20BREIABOEE,S
ANBHE 3 OFEEOBAEE » THE L TH L. 120 TKBEHTHY W2 EEEF T.5.5.G. (To-
kyo Surface Ship Gravitymeter) DK X 1883, & V¥ — S RBENEEICRIGT 3BT TH D, Z0FE
BEBEEIE~ERL, EHEEEYN AN THAI T2 EToLS D HBLHELED 07— 2 JNHEE
FHEROY 7y 2TREETWE 2 ETHS. N—Fu=TELTD TSS.G LI TRENMEDEEL
UTRBELERVEN S &g, RO o v MRS E LN TOREUEETH - 7. W EBEIRESE
BRI L BRI, F—2 OMBIMPPD S LS BEEELRBRPHAEN, +TY 7 by = 7RI OBETOE
ENTELEVI CERBETRECETHE. 2OV TRVDYWE I =+ 3 Vo — 2 ONBEPTERLD
HFELD LT COBBRE>TF -2 OROHBELDOF—2 & LTLY, —HiBEROF—2DL5BF—
o T ANELTRIZEALIDEB LD 2%, F—4%2h—F, 57—, BRKF—-7FOL0EE
BRICERE 200, F—2%2E0X5ICHAISE L, WMT — £ PHEF — £ & oS ISIRRLEM, N &
LZNENDT 7 A VERLTORED, —BEOELDE OWHSRATFTLES NG STV, Lo
TBREP S ARNE T — 2 DB OGN OLEEIRE &N .. BARE O T.SSG Fi=avta—4%
kLT, 72 ORER SUCICEOETEABMICHIEAIL, M ETOMNESAHET —F 0 ics pxx
HEZEEROAESN/CEEOENEELLTE OGN S.
3FEHD, ERIWZ—FHOF 2 HHELOL S REZFTCEMMEIETTL PEER T 308ABOTE
ThH2 MEREBROLIICEHESNDS
) F—x ORHE, EESHICEZNTNEBORHERSS. > TR B DNTEYIEF ST H
BENTNB L ENF - SR LORTROEHSTH S, Uk LAIZITHRINETFICUi< 7 b O34 DiE
RIS &S I —BH IR ERRETH 2. chESHMET 5,0
2 F—2EZEDORICRETEN? F— S MBRIEFEAEFLBEENTO I OHATNEF—4
EH—F, BRT—7REQVTNRIED T LS HEDTNC ETH 2. L LETHOF~2 B
EHICHE T — TR FE - TV D &N S C &2 TREMERERICIFRL THE.
B8) BEEZEOLSICHET 2, ? BEHRBREGEERHO D OWRICTER. QT — % OFETE
OO TOTILR DT B0, FIHTANEF -2 BOZENOHOLRIRITEHA 5 L TOX %
13- T 5.
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3. F—4EEIOMEES
ERINFY 7 — 2 2 EOBIKEHTNEPIKOVT, FEGHEREELTHS.

1) F—5DIEFST ,

TKEEHS R U B 7 — 2 ORI S CRCHIMR) Wig 7o & 5> sl ok —7
ZrANELTIHENTOE. —OI—F « 774 VDO THELFE SRR T -7 774 v
LTHRESNBHETH S, ChbD7 7 4 MTERTBEMOY 7 « 7 7 4 VOERETH O SRIETF ICRK
ENTVEY, WEMIKEY T « 7 7 A v ERTEIBERICRES N TN S, f-TY T - 77 4 VTR
NITHERIAR I, MR IMEICR - ZEF TIHEATH S, LELEhb0o¥T « 774 VOEETS
BEADF—4 « 774 VRKTENDZ &, Kiificd (MHEE] & THE] PERITET2CLb5
%), FEHCOIEFESUFEHNATL 3L EBFSNTD. > TRVBHTROA-F—2RELELT
BE77ANVEBLTARERBC LRI >TLES. COPFHEF -2 0FRICHAL TR 5. HIC
Lo THETOF -2 DRVELREIARTEBEABHE590, HIWRATORFEREND L - EN
TH—ROFT—2 DRELHFSNILL 5.

R, BEBBOEMHE V- 7ed —F— 2 HEELT, FRICL > TF -2 2IEFES Y2 ¢ &2 HENIE
FERSL O, WET — 7 AR T — 2 OJEF GPEMICEES N TV 30 5, YIEKIRF &R0
ZOMHEETH L. bLF—F—25—2FETIE, ZOHENEFCYENEFEENL S C &EEHERD
HEHEONIBEEBCETHE. LELERTF —7 200+ —7 — 2 THADITHENEF S 3Tk o0
K85, BSRF— T EAABOEBAE L TR - TR bOTH BN, 7—2 OEF S 3HH
HITH 5.

F—2FIREH b RAE, F—2 BEZINEEOEIERE DY SN BFCH » TUEY 2 REETH
5. KEBWIT 4 27 3 OHBEORRICRK S SBEERL . BRI L 5 LIRRO I —BORDE
MOR—I P EHFRDOR—V L TLEHANB 20TEL, Rk > THRBERR-VEHD, 20—V D
BRFEFHSIUT IO EN I BREN G TE 3. BEKEHS T L <y 3 NEAC 2200/500 DRERT 14 A
2 OFEBI 1Y 8X10° F OKBEEHOI4, 300 — P41 Th A4, ENEREHEN S TH 2 5 H
FETREICHEMVERMNEAT 2 C EMFEISh T3, CORE RIS L TETHEABORHIE
F—k o 77 ANFEEPBREDY O DD B LEYRE TN S,

2) BHROBEN

F—2 L TED L S RMBAT S Oin &0 5 C &R 3 LEHRIC DV TRIER 2 Tl
LCTRF—2%H— FOMRT — 7 LicEE NI, 7Y V2 —CUEEREEHA LIV T 2540, 1
HHF =2 AICBY BRHEDAAT®, BFOG 0L TICONTORRE LCOEREL D HT S,

BAF -2 THNE 1007 —2 LD & A, KA, 6E, KE BEIOEMEy M- Tcd
DOTH%. FORTRAN 2HNTF 07 5 L2 EZTLART2BA, 20X5318 1507 -2 0ERE FORMAT
XTEZbN5. FHEBIIZO FORMAT XABRLANSS, HAA— FELOoENEE L TEL S
FARELHBLT, BEOEE L CHEREBRED SNE. foTF—4 « #—F (33VRMBETF—7) K
Lo TREBC &, 7— & OITH Y 5 FORMAT XTHET S L AL—KT2CLETHD, =
D& 5 3HEHEIR COBOL ZRNTHRLTH S CCTRIDIER “F—2 @705 LB S &
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S-TEL.

F— 2 BOPETIH > CEROFH—R 7 — 4 FIHOBEE L 52, RECEENICH > TRTOERDPOE
BETHET 37— 2 BRERLLOTHD, ERMCERESN BRI SHREN >THzn. 855
ABROE—DOHENRRINERETHELY, BEHOMNHHEE L TET —4 « 77 4 MCEBREIRLTE S
CEIE-T, BADBRS TCOB T ENF -2 0 FOREEHEERFROBNEN D) OBFEEDEZI DX
5TH 5. ‘

FHHRT S RBCOVTRAARDO DO &L LTAROLEEELTHAHH. L LT —2FHOUENOR
hid, BRENL T—H—H0BHEO D S RERFHEER LB U T S0 BT, BEET -
S DEBRIF— 2 « 2—F—DFu) 7 AMhOENT, F—2ERREETAHOY - RELTIREN ZHE
W 5.

(3 EFHEMAEE

FORTRAN %#1fjH, COBOL ZEIH &XHld 2 DREMTRY. MFFHERGDRNETHD, %E
BABOT—4 « 7 7 4 VMUEH & 2005 X5 BEHETHEOST O T0 2. HCHIERGED & 5 sARO
F— 2 IRET 5 55 T COBOL DM S » LEH SN A& TH 5. HiE, hooftETRENITS
BT — 2 SHEHT SR PR S KEST 2 FEN T 0 S5 AEROPTOEEBIRSE LD 5.

FORTRAN ©d COBOL ThF—a 27 u ' 5 ARMERT 2 BOTHRENIGEN EEVS, BETR
F—52%7 74 VORNTHREL X5 E0HABILBEATHS. F—2EHO B FORTRAN » 5 i34
CIRU S5N780A COBOL it # MRy S 5.

A—DBFHEBRARCHELCARC &, ChPHERIOIL T e 5 ATh 5 LM, LESH
BEREQHAROHBOXBMOBELRLTOECETES. F—2MEHSNALGTEL F—4MNED
FACHAENTOZPOBRBBOLPT S bEARICETE TS 5. XBLEIEBAERORERRETH S &
EdiC, FHPTEIMNERSNS COBOL I i3ZD L 5 REENE SN TS, PLIL 0L S BHLVER

C bhisd TO Y, T FORTRAN & COBOL ORI GliN/. BRI 0/ 5 v —ORIC
EEN2bDTREEFONREED Fh oRINE2NEEDTHAH .

4. F—IEBEOEDH

W LEARUR RS KB oRAR oho TEARER] & LTHiTEh T 3280, KBS B3R &
FRCHHSR | 1K & > TRF — 2 WRETHE L TAICINTO B 0, FRRICE I 34 157 — 2 A O W#E
MAETRLTOENETHESL. 7 — 2 OB DBENMEELT — 2 BIFEN, o7 —2 LA OMIEHR L
LTEDLDNTLBH0THY, F—20ERZ D LT — F IEEHOBENVZ AT S, BEARENE—
DORRTH 5%, BFHERORAMPEHRE T > TV 2EAOF — 4 FREL» S AN, BIATH (machine
readable) W7 — 2 EARHRIBLSDTHS. #— FPUK[T —72H0, LI dRAFOREICEDELARDY
FRTRUTEZLOKTEOMF —2 - y—E2ROHETH 3.

DR B2HBOMALEE Y » 4 VTR EDFTE L. ETENMBEOBMTEONE YT « 7740
BB T 7 40, CNSEROTA »y Va bSNIESIKAE LB L7 s A vE Ay Y albT 7 40, 7=
B DIDICHESND T 7 4 Mk —F [ 7 7 4 VEFOAG B 10T B

1} #ERZ 7 ANDA g alkT 70N
EAF— 2 BKBERELFAL IS ICHTAHMHILTO S, COMOBE RN A LTl —fce
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N& O EHEECHD > TARICEOEDDIEL 82, —F7F—4 265 B4 3EREEEL Tz oHo7 —
F ST 5 &0, H20VEZ DR TOTE, FAH MESEHD 20 L0 OBBEOFHAOL
PRTHS. TOLIRBEED S, FENT 74 VIFEEARE, BEOEYUHBTRMELL RS L
y V2l LUELTEL DB L. Ay Va2 BERES JUHILO RILOILN D oM Chic—# o &S
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Abstract

With the enforcement of the Law on Provisional Measures relating to the Fishery
Zone on 1 July 1977, Hydrographic Department has been charged to prepare charts showing
the outer boundary of the zone, which, in general, extends 200 miles (370.4km) from the
coast of Japan, or to the median line with neighbouring country for the part of the 200-mile
boundary lying beyond the median line. For this work, it was decided to employ Schreiber’s
method to calculate the positions of terminals of the 200-mile geodesics, because the method
had been widely used in geodetic surveying on land and had been rewritten in a concise
scheme by K. Harada. Although the accuracy of Schreiber’s method, which is substantially
to be applied for short length, decreases rapidly for longer length, the method may be regarded
as applicable to the calculation of the 200-mile geodesics, because of the inferior accuracies
of position fixing methods at sea comparing with those on land. Calculation was made at
Astronomical Division of the department using the programme prepared by A. Senda of the
division. He further calculated reversely the geodesic lengths by applying Gauss’ median
latitude method and obtained them to be 370.4000 km exactly in all cases for latitudes
between +20° and 50°.

In the present paper, the accuracy of the Schreiber’s method is evaluated through (a)
investigation of error sources in the Schreiber, and (b) comparison of the calculation data
concretely with those by two other methods which are based on entirely different principles
with each other; they are Legendre’s method for short distance and Helmert’s method for
long distance. It is remarked that the principle of the Legendre’s method is quite simple
without any assumption or approximation which may cause ambiguous calculation errors,
although the methods has a defect of slow convergence which becomes serious for longer
distance and higher latitude. ’

Main error sources of the Schreiber’s method are (i) approximation by the spherical
excess to calculate the Soldner’s coordinates of the geodesic terminal, and (ii) omission of
higher terms in applying the Legendre’s expansions. Formulae for calculating the Soldner’s
coordinates on the spheroidal surface are presented (eqs. (16), (17), (18)], together with

* JKEEEE Hydrographic Department.
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formulae for estimating the Schreiber’s error due to the spherical excess approximation, (eqgs.
(19), (20)). Correction formulae for the omitted highér terms are also derived [(egs. (21),
(22), (23)}by making use of Tables 1 and 2. Then, the error of the Schreiber’s method
are estimated for the 200-mile geodesics (Figs. 2 and 3).

Maclaulin expansions [egs. (8) to (13)) in the Legendre’s method are extended to
the 6th order completely and down to terms of %2 in the 7th order both for latitude and
longitude. (Symbols in the text are those commonly used in geodesy, except for the 2nd
eccentricity for which, instead of ¢, % is used in order to avoid confusion with e.) They are
presented in Table 1, in which terms are arranged by functions of latitude ¢, rather than
by those of azimuth « as adopted in the textbook of Jordan-Eggert-Kneissl (e.g. 10th ed., 1959,
abbreviated JEK), so that the character of the Legendre’s method can be perceived clearer.
Individual contributions of the respective terms in Table 1 to the evaluation of latitude and
longitude of the geodesic terminal are illustrated by example in Table 2. The Helmert’s
formulae have been modified slightly for convenience of practical use.

Programmes of the Legendre’s and the Helmert’s methods were prepared by Y. Harada
of Astronomical Division. In his programme of the Schreiber, Senda replaced the calculation
scheme of the Soldnet’s coordinates by eqs. (16), (17), (18) and added the corrections given
by eqs. (21), (22), (23). Thereupon Harada made calculation of the First Problemn by the
methods of Legendre, Schreiber, modified Schreiber and Helmert. At first the Standard
Examples in JEK were tested to obtain reasonable results. Positions of terminals of the
200-mile geodesics have been calculated for the initial latitudes between + 10° and 70.
Discrepancies among the calculation results are partly presented in Table 3. The Legendre and
the Helmert agree well with each other except for higher latitudes. Whence disqrepancies
between the Schreiber and the Legendre agree well with those between the Schreiber and
the Helmert except for higher latitudes. In Fig. 4 the former discrepancies are shown. The
estimation method of the Schreiber’s error through egs. (19), (20), (21), (22), (23) is
verified by the fact that the sums of the error in Figs. 2 and 3 are very close to the errors
shown in Fig. 4. Even at ¢=+50° the error in position by the Schreibetr does not exceeds
+20cm. Since Japan lies between the latitudes of +20°6 at Oki-no-Tori Sima (Parece Vela,
Douglas Reef) and +46°6 at the northern extreme of Etorohu Sima, the Schreiber’s method
can be safely applicable to the calculation of the 200-mile boundary with too much accuracy

for practical use in Japan.

Contents
Section 1. Introduction.
2. Calculation schema,
(1) Symbols,
(2) Legendre’s method,
(3) Schreiber’s method,
(4) Helmert’s method.
3. Comparison of calculation data.
(1) Standard examples in JEK,
(2) Boundary of the 200-mile zone.
Annex 1. Differential operation of dnf and dn

ds dsn
2. Relations between geodesic and loxodrome for 200 miles.

3. Median line on chart sheet disregarding the scale.
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Table 1 Legendre's expansion for the First Problem

a, Latitude

No.| n |2m A(a) B(¢) Max(a)
01110 + 1cosp 1 2/1E+5
201 9 0| — 1sin®a tan ¢ 1.0OE+5
221 2 — 3 cosia sinpcos ) 2.1 +5
301 0 — 3 sin%a cos a tanzp 4.0E +4
302 0 -1 1 1.3 +4
321 3 2 +10 + 6 costa sinZp 1.4 +3
322 21 —1 — 1 6.9 +2
341 4 +15 cos2p 2.3 +1
342 4 —18 costep 2.8 +1
401 0| + 3sinta —12 sin%a cos?a tande 2.6E+4
402 0 +1 — 8 tan ¢ 1.5 +4
421 21 —9 +18 tan ¢ 52 +2
422 4 2 +10 + 8 +12 costa sin ¢ cos ¢| 6.9 +2
441 4 —124 —114 sindp cos ¢} 4.4 +1
442 4 + 34 + 69 sin o cos | 2.7 +1
461 6 —162 sin®p cos®p| 4.2 —1
462 6 + 57 sin ¢ cos®p| 1.5 —1
501 0 | -+45sin‘a cos @ —60 sin®a cos’a tantp 1.7E+4
502 0| +30 - —60 tanzp 1.4 +4
503 0 +1 ~ 8 1 2.4 +3
521 2| —90 +90 tanzep 2.4 +2
522 2| +16 —72 —24 cosba sin%e 2.8 +2
523 2.1 + 2 +18 +12 1 1.4 +2
541 4 | +328 +768 +552 ' sinip 43 +1
542 | 5 | 4 | —104 —828 —588 sin%ep 4.6 +1
543 4 |+ 1 + 60 + 81 . 1 6.3 0
561 6 +1888 +2112 sintp cos?e| 1.1 0
562 6 — 872 —1608 sin%p cos®p| 8.4 —1
563 6 + 34 + 126 cos’p| 6.6 —2
581 8 41944 sinte cos¢| 6.8 —3
582 8 —1056 sin%p costp| 8.7 —3
583 8 +. 57 costpl 2.0 —4
601 0 | —45sinda +540 sinta cos?a —360 sin%« costa tanse 1.3E+4
602 0| —30 +540 —480 tandep 1.3 +4
603 0] —1 + 88 —136 tan ¢ 4.3 +3
621 2 +90 —945 540 tan3ep 1.7 +2
622 2| —18 - +219 + 12 tan ¢ 55 +1
623 2| +16 —360 — 64 —48 cosba | sinpcos | 1.1 +2
641 4 | =225 +1350 — 675 tan ¢ 29 0
642 4 | +328 +2160 +4944 +2424 sin®p cos ¢} 3.1 +1
643 6 4 | +224 —1896 —1356 —1308 sinpcos ¢ 1.7 +1
661 6 ~9272 —26560 —18744 sinSp cos ¢| 1.6 0
662 6 +4864 +27860 +-22380 sind¢ cos ¢ 1.9 0
663 6 — 317 — 4450 ~ 5211 sin ¢ cos | 4.5 —1
681 8 34264 —43008 sin®p cos’p| 2.5 —2
682 8 +22424 +40248 sinde cose| 2.4 —2
683 8 -+ 2335 } — 6690 sin ¢ cos®e| 3.9 —3
6X1 10 —29160 sin®p cosbp| 1.1 —4
6X2 10 +21504 sindp cos®p| 8.4 —5
6X3 10 — 2739 sin ¢ cos®¢| 1.1 —5

’
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Table 1 Legendre’s expansion for the First Problem (continued)
Latitude (continued)
No.| n |2m Ala) B(ep) Max(a)
701 0 | —1575 sin®a cosew +6300 sin‘a cos*a—2520 sina cos’a tan®e 979E +3
702 0 | —1575 +8400 —4200 tantep 1.2 +4
703 0| — 273 +2604 —1848 tan2p .8 +3
704 7 0|— 1 + 88 — 136 1 54 +2
721 2 | +283 —10395 -+3780 tantep 1.2 +2
722 2 | —4272 — 168 +1176 tante 2.8 +2
723 2 | +4680 — 1168 + 624 496 cos’a sin2¢ 3.0 +2
724 21— 0 - 53 — 188 —48 1 1.3 +1
b. Longitude
No.| n |2m Ala) cospB(p) | Max(a)
1011 0] +1sine 1 2"1E+5
211210 + 2sin a cosa tan ¢ 1.0E+5
301 0| — 2sinda + 6 sina cos’a tan2ep 6.9E +4
302 3|0 + 2 1 2.6 +4
321 2 + 2 cos?p 1.8 +2
401 0 | —24sin®xcosa +24 sina cos’e tandp 52E+4
402 0 - +16 tan ¢ 3.9 +4
1|4 2] -8 + 8 singcos | 1.2 +2
441 4 — 8 sin ¢ cos’p| 1.0 0
501 0| +24sinda —240 sin®a cos?a +120 sina costa tantp 4.1E+4
502 0 + 8 —160 +120 ‘ tan2ep 4.5 +4
503 0 - 8 + 16 1 7.0 +3
521 2 + 8 — 88 + 24 sinZep 1.3 +2
522 5 | 2 ~ 16 + 24 6.8 +1
541 4 — 64 + 24 cos*ep 7.3 —1
542 4 + 56 — 24 cos?p 6.2 —1
561 6 — b6 cosbop 8.4 -3
562 6 + 48 costop 7.2 -3
601 0 | +720 sin®a cosa —2400 sinda cos®a+720 sina cosda tansy 3.4E+4
602 0 | +480 —2400 +960 tandp 50 +4
603 0|+ 32 — 416 +272 tan ¢ 1.6 -+4
621 2 | +336 —1248 +336 tan ¢ 1.4 +2
622 2 | —272 + 624 — 64 gin o cos ¢ 9.6 +1
641 | 6 | 4 | —176 + 624 — 96 sin®p cos ¢| 5.8 —1
642 4 | + 32 — 96 sinpcos | 3.2 —1
661 6 — 736 — 32 sin’p cos®p| 8.4 —3
662 6 + 208 + 80 sin ¢ cos’¢| 3.4 —3
681 8 —560 sin’p cos®p| 8.5 —5
682 8 +176 sin ¢ cos¢| 2.7 —5
701 0 | —720 sin"e +15120 sin®a cos?a —25200 sin®a cos*a+5040 sina costa| tansy 2.9E +4
702 0 | —480 +15120 —33600 -+8400 taniep 5.3 +4
703 0|~ 32 + 2912 —10640 +3696 tan2e 2.5 +4
704710 + 32 — 416 + 272 1 2.1 +3
721 2 | —336 + 8736 —15120 +2688 tan2ep 1.4 +2
722 2 | +272 — 4320 + 3648 — 160 sinZe 7.7 +1
723 2 + 96 — 1040 -+ b44 1 2.8 +1
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Explanation of Tables 1 and 2.
Given quantities: ¢;, 4;, «;, s. Quantities to be obtained: ¢, 25 (See Fig. 1)

Maclaulin expansions by s at ¢;, 2, are:

¢2_§01:271~T(%>n T/"+2Fn, ( i )
Fa=2tmA(p)+B(p),
P - z;_’},w(%)“vncn, (i)

Ga=2*nA(a)B(p)
wher m is 0 or positive integers.
Table 1 presents each term of F and Ga. First figure of column 1 (term no.) stands for
n, and the second figure for the power (2m) of A 3rd to 5th columns are components of Fn or
Gn. E.g., term no. 643 for latitude should be read as:
h#(224 sin®a—1896 sinta cos?a— 1356 sin%« costa—1308 costa)sin ¢ cosyp
The last column lists possible maximum values of A multiplied by A2%/x! in the unit of arc second.

Individual contributions of respective terms to the evaluations of ¢, and 2, can be estimated

o [ ] (23]

Table 2 gives examples of this estimation, V?»*2 for latitude and V" for longitude have
been multiplied to the above product respectively, although we may regard as V=1 practically for
the present purpose. From the table, it is found that, for example, when we want to calculate ¢,
and 2, with an accuracy of * 17 in a case of s=200 miles and ¢,;=-+50°, we may take terms Nos.
101, 201, 221, 301, 302, 321, 401 and 402 for latitude and terms Nos. 101, 201, 301, 302, 401 and 402
for longitude. In a case of s=1000 km and ¢,=-+70°, we cannot expect accuracies of +0/1 in

latitude and + 0°1 in longitude, even if we take terms down to 7th order.

Table 2 Maximum values of each term in Legendre’s expansions

(unit: second of arc)

$=370.4km $=1000km
No. @ +200  +50° +70° @ +200 450 +70°
101 2+t tizE+d 1T2E+h | 33E+4 32E+4 32EB4n
201 13E+2 b41E+2 95E+2 93E+2 3.0E+3 6.9E+3
221 2,3 0 3.4 0 2.2 0 1.7 +1 25 +1 1,6 +1
301 10E 06 11E+1 5.8E+1 20E+1 22E+2 1.1E+3
3 302 2.6 o 2.6 0 2.6 0 54 +1 5.4 +1 51 +1
2 321 3.2 -2 1.6 -1 24 -1 64 -1 3.2 0 k7 0
3 322 14 -1 14 -1 13 -t 2.7 0 2.7 0 2.7 0
3 341 40 -3 1.9 -3 5.3 -4 8,0 -2 3.7 -2 1,0 -2
342 43 -3 93 -4 74 -5 84 -2 1.8 -2 1,5 -3
401 1 E-2 WLI9E-1 60E O 7.5E-1 26 E+1 3.2E+2
402 64 -2 2,4 -1 47 -1 3.4 0 1. +1 2,5 +1
L2t 22 =3 7.0 -3 1,6 -2 114 -1 37 -1 85 -1
422 2,5 -3 3.9 -3 25 -3 1t -1 21 -1 13 -1
by 1.9 -5 10 & 1k b 10 -3 7.7 -3 7.5 -3
L4z 9.8 -5 1.5 -4 972 -5 52 -3 7.9 -3 5,1 -3
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Table 2 Maximum values of each term in Legendre’s expansions. (continued)
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FFHEIOVT
n dr !
Fa=—fes(~ge) ®
EBFEQER ’

(=) vrear, ©®

sﬂrsm:Z—-l p

n!

25 LE En=1 SEDEDPEMBLT, KA ICHALTONE, B

Fr=ZhmAa) B(p) 10)
DI TEDENS. I m 30 L XEOKR, A3 sing, cose 7213 OB, Bide 213 OMIKTH 2.
FRRICREI DN TH ‘

6= () () an
EBFIEO I

— 2= sec ¢271!-(~i—)n V?cos ¢ Ga 12

ey, Sl omrgireans
Ga= Z}hz”‘A(a) 'B(@) (13)

n2

owERs. LL B L0 T Lonmncon T, KAONE L EERE R,

dsn

F1RD QOBLUTUDOEIE, & #nA(a)-Blp) 2B TS, chbi(9), UDIRATIIE
WYy FAOREEMNEONG. ROBERRIIC OB EOEEESTH T, BHOG IR #, &
DI fcid b ONE, DFD 2m 2RT (FETR I 0ICB). BAMCET B, A ORXEk
himinl 3B X8 p"=206 265" AL bDTH 5.

JEK TRY & ¥ FAOREBRE sinjaccosria K-> TEEDTVS. DFDBIEXZER T LICKT
KMAADEIFETRRL TS, LELE1EDL I RERTNE, MY+ ¥ FALOBBOMBEDL XL b
5. 3ibb Ala) Tkt 3 sinfarcos® Vo OZFHMEIT 7 BRELBBIPE-TAEXLRY, FHEHD
tannlp ZEATNSG. —F, BREOKEERIICNS S TEER (s/0)n/nl LHEn. Ukhi-TER
B+ BRI 15 5 12 EHOROIGR X2 T < 72 5.

¢ & s OEERETNE, B 1ERAHOBEY SRIFHENZNIT DT ($/0)rmin) Anaz+ B O
BEODBNTHLONG. V=1 THE05, ZOPERZLENOHEOMOVEIFRELRLZLTRN. -
ED @ A OFEREIGUTC, BHTREELE I XN OEVHTCENTES. HlELT s=200E=
370.4km B KT 1000km, ¢,=-+20° 50° 70° iCidd 2 (s/)n(A*™[n)) Amas+B DIEALE 2RICGRT. #
BOBMNIBEOWTHS. s=200 8, ¢:1=+50° DA 0, 2 DE%E =17 OBETRD 20 THNI,
BEORHRIIKII4KRETOFEIE Nos. 101, 201, 301, 302, 401, 402) KL Nos. 221, 321724 %4b,
BREOHAIKI 4kETOERE (Nos. 101, 201, 301, 302, 401, 402) #UW BN FFKAHTH 2. s=1000
km, ¢;=+70° OB/, FTHORIXOEB»LRT, TIRHTTR-TH, BEISVOTIE 201, &
B0 TE 2001 BEORKE U PHETE .

8) vaSAN—-0DF%

COREEVY v ¥ FVOEEOERTH 2. BEP ZFEMNET 3L SOME P DY v N 2 VEHEEE
%Y ETH FTIhb Py 2BE TR RN P hOBMETL, Z0R%E Fp ) EThiE, PIF OEXH g,
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P.F OESW Yy Thb. Zhoi20TAY v Y FAVOERABEHTSCEICE->T, T e BBON,
BB @ LDEHETES. COFETREEERZCR LB LIENVY v+ Vv FLOEB LD R ZDIDN
ik > TP, ONESEONEDOTH S, ROFEE JEK © 954961 ~—, [FPil183—188<—¥, #ff
B16—19— VI L TH 2, FEELHBERAMPRAEL TBY, FROFEICRGEORNEH > ~&hRRT
. FificHhc k5K, FRREHEORMCHERRLETERESHLT BUHLBBICE LD TS Th
EIFH2AR—Vip b BT (FHROMOBEFEZZRL BV TI L IIC, FKBEHETYD).

Schreiber’s Solution for the First Problem

(rewritten by K. Harada)

. a
Ny= (1—e*sin?p,)1/2

$=htcostp;, Vi=1l+9i, H=tan g,
41 —e2
:_}Q(_]“L)sz Sin @y CoS ay
2a?

X=$§ o8 a1+%es sin a;, y=ssin a;—%es cos a;

ep—p1 . X 3 & o 1 oy 1 &,
% N N 7t 5 N“ 7 (A—1%) + 5 N ity (1)
. a

Np= (1—esin?py)1/2

Dh=hicostpy, Vi=1+7%, tr=tanPr

(Zgﬁll)cosgﬁlﬂ:’]&—lp‘”‘—é‘ ]3\)]3 l‘z,+~11? Ny 15 (14383 ()
@F:—%—£;%+i~N4b@H&Mrﬂﬁﬁ) )
= gL tr (1205475 + L P4 (1+2015 2424

N6 zva r 77190 1v5 r HAL)

as=0a;+180°+y—e

200 #EUKIBOBABOHEICE, coFBARORXNEHN2CLE LT, KEPHRBROWHERPEARN S v
75 AEEDHEEET L. SOIMBRE, CORBEELT Bohk P, OMEEEE P & OBOE!
s &, Hy2oREEE (JEK962—973 <—¥, Fi189—195 R—2) i k-» THAE L. (tEoE
A, ;= +20°~50°, a=0°~180° i DT, TXT $=370.4000 km T&H - 7z.

ZLTYadAN—DHEOREIODNTELDL. BRERELTD ¢, L OHEKAETNAEEOCERLE L
Ty (1) YA F RV x, y OHECEY 532, BEO () Pp, Ly g OFEICHT 2HENS 3.

(1) Licigdicx 310y OfBEREE (Kl FPBAAHE LOBEM =K PP.F R2REEA=AE
IZ X - CGESL, CONREEAZACEEEEICHET 2 0P« ¥ KO FEEABR L CEE =AY,
CORHEZAFE T4 7 —ERCL - TR, LV =208BERTTRERLEN. Zhb0BRERNS
NHEZAFSHEROERECENTHHUNSOBEIIOSERTE 50TH Y, s MdhiElkcE 5 &b
{755

3P, Py FRBUZHBNEEOMEKE K, K, Kp &1L, v F 3 vEEE
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2

£=5Co8 a; +4§ sin? a; cos @ 3K‘+2[§2+3KF + fs‘ (Qayt—ady?) 4-ooeee a4
2

y=s sin al_s_asin ay cos? @, 2K+ K, Ky n K (wty —8A2y3) 4 overe (15)

6 4 120
Kk ->THbaNhsd (JEK899<2—). —ftic K=V Th3. WRIBOT, s/c<0.1 OBAICIE

90_[:9)1'*‘—?—0030'1 (16>

ZboTop BEY @ BIPL, POALDOEEIHICONT VEL, ¥5scosay, y=ssinay ERRBTC
ENTED. ZOHE

3
X=3 COS a+~—214 iz sin%a, cosa, 3Vi+5VH) +—115 ——i (2 sin*a, cos a;—sin?a; cos®a;) an
y=ssin a—L S gip arcosta(Vi+VH +- L i(sin @, costa; —8 sinda, coslay) (18)
12 ¢ 120 ¢t

COMFRIC & » THHROE X v, y PEHETE 2.
VasAnN—pERIcLB x, ¥y EAT), UITLB x, ¥y LDFEE dx, dy L1, TOBEEICX->TETS
o, Ao DBRFEE do(e), 42(e) &EL{. N=c/VTH2BM5 (1), (D) Rick-T

do(e) = dx/c, 42(e)cosp=4dy/c
ERBTCENTE D, Ay, dy ERICHETHE

Ap(e) =_2_112<%>4sin2m cos?a; $in ¢; o8 @y ~—11? (—%)5(2 sinta; cos a;—sina, cosday) 19)
A42(e) cosp= —%—h?(%)l’sin a; cosda; sin ¢, cos ¢, — 1%0 <%>5(sin a, costa,—8 sinda; cos?ay) (20)

s=370. 4km DIBAICH T B T 15 DEEEE 2 iR T

(1) ke k ok, Yas4—0HFREVY v ¥ FLORBIKEBOT, a=0° & LT r—9¢ 2K
W, a=90° LT A—4 BLU $.—¢r 25HETE. VY vV FNOBHOKIEID sinfa cosrIa 25 AT
WEH6, i=0% i j=n TERVRYEHT 3.

THOEE1RalLBOT, s=v a=0° EBHE, 4KEFTTTESES O Nos. 101, 202, 321, 322,
341%, 342%, 422, 441%, 442%, 461%, 462* O coste DIESSFTH 5. WEABEEAETHEHEF, ChoOHED
I *EFUTHRVIER L > TY 2 54250 (1) AP >TH 2 EMBBER DM, 75 ROEH
i cosfa ZEEIR. Lichi-T (IR, BELPORSRETOEIHEL L RETD M2 DIHETTHRL
EFTnazlicins. #2%5RNE Nos. 441 PIFOHOBEBRBNTE S 2 Edbh s, 2hT (DR
HiNos. 341, 342 #R T Lic k2 Pp DEEE Adp (1) 5. COBERZDEE @ IKBNB.

DERETIEDICBNT, s=y, a=90° LB, 6KEETH->TH Nos. 101, 301, 501, 502, 521*
O sinte QIFEFZPFMEEES. Y2545—0 (1) REF O BFHO AT > THER SN TS, L
Lo 2 A RAUS, BHEOBAIC T ROEHE THATL 2 TROSB 2 ¢ Lishbhs. ThT (1) RS
Nos. 521, 701, 702, 703 /R C &ic k3 2 O#FEE (L) &7 3.

A 1 Raicb T, s=y, a=90° LB, SRETTHEEIEAEIT Nos. 201, 401, 402, 421,
422 @ sinra DERFTHY, MDHRBCOSHICE - THRShTVE, E2HE2RANT, BRETI6R
DOEHSEN T 2TJREEN S 5. (1) HAS Nos. 601, 602, 603 2R CEick b @ DE3EE do(M) &
T 5.
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+ 07005
Figure 2

Schreiber’s error
for the 200-mile
geodesics due to
the spherical

excess -

Ap(e)

approximation in 0.060
the calculation

of the Soldner’s
coordinales: eqs.

19), (20).

(Curves for other - 0,004+

latitudes lie
between the drawn + (7002~

two curves.)
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0.000 : 7 S —— S
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Figure 3

Schreiber’s error

+ 0001 \

for the 200-mile

geodesics due to

0.000 .M
- 0.001 4948

the omission of § o
higher. terms in + 0.0101
the Legendre's
expansions: egs. N
@n, 22, @3). -
(Curves of 4y (I) -
for other 0,005 -
latitudes lie
between the drawn
curves. Curves of
4p(IM) and I~
42(T) cosyp for -

lower latitudes

Ap(Il)

"60 o

¢4

i
180°

lie below the 0°

drawn.curves.)

+ 07002

30° 60°

AA(T)cos ¢

80°

120°

150°

44

180°
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PR BF hIie v o 54 N =D - TEbd R ST

_de(T) 1 X N
s () nta—sm 1)
— (M) cospp= ~%< ZQ;F )sy/zezF —%(%)7t4p(2+3t%a) (22)
_ Ade(In) 1 Y\ 2
o _48_(?1") 1, (24+31%) , (23)

5=370. 4 km DB/ B 2 bDEONEEE L b0EEIRIIRT. CheE 2REaEd 00,
200 M EHHHRE ¥ 2 5 4 N—DOFETHEL LBADRETH 2.

BETNE, WIERE - BREOCBEAIK Y 2 54 N —0EEF S IE, 16), AT, U8 iKk-Tx ¥ %
FEL, (I), (D), (D Rczheh @1), 22, @) A2MAz. 2o rs 74 bMBRAERL

@)~ bDOFE .

CNRRIEHEATH > T, JEK 9881018 ~— VICEL (BIILTH 5. [FBl, MANIC@fh Tiw. JEK
ORT R OFENTIEATH D, ARNOFEORBICBOCHRETH - LidEMNZOEEHV T
50T, HEOEFCHDOTEbOLL. ThTRBsAT, FHRbELMHL b0 TIRT. £0
HEATHABZMETELL T 2h 5, FEEAEORD (F3BE) K-S L&’ P, Py Py,
Py, Qi @ @, Ry, Ry it p”"=206 264.806 (¥ 7213 p°=57.205 779 5) ZF LN 5. JEK
RO TH 2505 & OB EEHEROBICRT.

Helmert’s Solution for the First Problem
Given quantities: ¢, 4, ai, s
Quantities to be obtained: ¢,, 2, s
(In the sheme, always calculate the quantity in the left-hand side from those in the right-hand
side. Angles are expressed in the unit of radian. When angles are calculated in the unit of
second (or degree) of arc, P, P, P5 Py, Qi, @, @, R, R;should be multiplied by p”=206
264.806 (or p°=57.295 779 5)).

1. tang, = VI—ettang, ¢1 takes same quadrant as ¢
2. COS(ﬁm = sina';cosg/ll 0< ¢m S*-g—
tang; s_%rsl%l ’%ﬂgﬂlész when Sa;é% and ¢=>0
7t<al<_g_7t ” ” ” ¢ <0
—S—éalg I —g— <o <rw ” $<0
Ogalg_;‘_ ” ” ” ¢=>0
cot L;=—tan a, sin ¢, ‘ L, takes same quadrant as o,
3. tan E=F sin ¢m osngg
E
K —tant( )
an(—5
1-K K 3 1 K K
P=—2"2" | P= - 2 K Pp=— ==
1 1+r1yf2_ ) 2 9 16 3 3 16 3 4 48

4
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1 9 s 5 2 29 ye3
K——2 K = K = bV
= ( 16 ) Q=g Il Q=—gg K
t =0,+P; ‘Z + P, sin 201+ P, sin 40,4+ P, sin6 g,

o2 =1+, sin 2t+ @, sin 4¢+Q; sin 6¢

4. tanL, —M
' CoS ¢m

sin ¢,=cos o, 8in Pm

tan ¢,
vi—e

tan Pa=

cos az= —tan o, tan ¢,

L, takes same quadrant as o,
T b3

T <
2 <o 2

@, takes same quadrant as ¢,

0 SaZS—g— when n<0,<2n

% @< 7 0L0 <
5. 20=0;+0,, do=0d,—0,
K K &2 e* .
R=—_ — R="_"K Ry= K :
! (1+n - 1 ), =1 T 7 : 3rd flattening

A2y =Ly—Li—cos ¢m (Rydo— R, cos 20 sin 4o+ Ry cos 40 sin 240)
Identifications of the symbols above with those in JEK: (JEK — present)

L2y =2, W—Ly, 2->Ls ds—s, & —h K—>K
"_P%——)Pl’ Pi - Py, P:’OI = By, i{ - P,

Q. Ql Qa - Qy
20°  p° P P p e°

s> t, ffz SRy, Ro >R,

3. ErEIEDLE

(1) JEK oZ#5IRE

JEK 950<— i3, Sk & REEic >\ TE 1ES>OEMBY TH Y, JEK9MK W/2% 69~—
K3 D 2 80 B PEEREOPIEEIE, WM dHERORBIGELEbh T A, CDIHEKDNT,
BIICRE L A EA LR RRRO LB TH B, CCTAY 4+ Y FAVOHECRE 1 BOTNTOHEE
Fofe MROTETHEY, BHNRKESBICE ST, V2545, 2TOTATY & ¥ FIIGE
ZELRTL S, FIfITHALALIIK, Yad4N—Fa=0° /2 90°E LT, PROEK & - THE

CHEROHDOHREZATED, Lichi-C (16), (A7), (18), 21, (22 KXk-TEELLY 54

SN— CHD 3, BEE - RESTE, B1ERKIBZAY L Y PR D IRBENRL LS.

Standard Examples of JEK

Constants: Bessel, 1841.
a=6 377 397.155 00 m,
b=6 356 078.963 25 m,
¢=6 398 786.849 39 m,

=0, 006 674 372 231 315
h*=0.006 719 218 798 677
7 =0.001 674 184 8
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I. Given: ¢,=+449° 30’ 007, «,=32° 25 2175109, s=132.315 375 km.

(2] Ao—2y
JEK +59° 30" 007 1° 00" 00”
Schreiber 29 59.9999 00. 06000
modified Schreiber* 29 59.9999 00. 06000
Legendre 29 59.9999 00. 0000
Helmert 29 59.9998 0 59 59.9999

I. Given: ¢,=+52° 30 1677, ay,=59° 33’ 0076892, s=529.979 578 km.

P2 ' Aa— Xy
JEK +54° 42/ 5076 7° 06’ 0070
Schreiber - 50.5921 00. 0144
modified Schreiber* 50. 5985 00. 0001
Legendre 50. 6001 05 59.9989
Helmert 50. 5999 05 59.9999

. Given: ¢;=+45° 00’ 007, «;=29° 03’ 1574598, s=1320.284 366 km.

(2] Ap—4
JEK +55° 00 007 10° 00’ 00”
Schreiber 00.5597 00. 4108
modified Scheiber* 54 59 59.9970 00. 0009
Legendre 55 00 00.0247 00. 3946
Helmert 54 59 59.9998 9 59 59.9999

* & and y are calculated by eqs. (16), (17), (18).
Corrections —dp(T), —42(I), —de(Ill) in egs. (21), (22), (23)
are applied to eqs. (I), (1), (I), respectively.

(2 200/ BEER

LOBEREORBICE ST, AP Y F, YVaF4N—, AR OHEREOS b LEETE
25, Chold a IKEEDHER > BATH B, 21T s=3870.4km & LT, ¢1=-+10°~70% a=0°~
180°C DT, €D 3EDOHEL LY 16), (U7, (18), (21), (22), (@) Kk > THIELY a5 43—
DOHEEW > T 0o, 2EHA L DAEORMRKICERT 50 TH 205, HRKICEPED Ny 21 (184D
S, HERRO—FEE IRICGRT. CORMER, 10° T 5 CELOBREIBY AEDERETH -
T, FCHBETH > THRTLORICHICE T AT, Y e v Favdk A v OZGBEICOL
TIHEEH60°E T, BE (cosp ZFT5) KOO TIRBESCE TRER E-HRLEE 2R P 6DPE LI
50° D EEE T, TIREE TR THOMY v ¥ FATRE0/0001OHE B SN, Lk TVa s
AN o WP Y FABIOEE Va4 8= ANV M EIDEBERE—HTE. HARIKEY 25 AN
.wv*yﬁw@®%%%ﬁﬁé.Cﬂﬁ%Z!&%S@%ﬁ%t%@&&&~ﬁ?%C&m,O%,@m,
@D, 22), @VILLBY 254 —DEEOFBHPELOC EERT. Lichio THIELY 2 54 5—3
W e VY FWN, ANANMCEDDTEODLYRDOT ETH 5.

HHE D200 EERGOBAICE, ¢ 3+20°~+50° DM (hOBE 1 +20°4, RIESILE @ +46%6)
KHBDS, Qo e DEEY 25 4A—ORERNICL - THEL TS, 2 OFRKEAETHEET 07006, BHEH
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TO002TTH b, HEEHELABOTHRE0cmPANERL S Va 54— OREHEE, 20003EER RO
HEICETHTEERELR - T0H0THD, (16), (U7, (18), 2D, (22), ) L BHEDKE R
V. IEBE2H () TN/ LI, Yad ANk I REEIAT RO SHRERIC L A 2BED
FEEAD £10cm PNT—HT 22 &3, F Y ROFHROBEN Y a5 4 N—OFEOBE & TR UHE 45
DL EERT.

+ 07010
0.006
0.000
- 0.005 AN SN WUUR SN NANU RSN N AN TR NS M N SN U N SR
0° 30° 80° 90° 120° 156° o  180°
a. Latitude
Curves for ¢,=-+10°, 20°, 30°, 60°, 40°, 50° from top downward at a,= 10°.
” »=+60°, 50°, 40°, 30°, 20°, 10° o " at a;=120°.
| 1 1 T T T N I
- ) cos @ -
o %/ﬂ\ ]
0.000
~0.002 HES DN NN NOUUUNS N NN RNUUNS AN SN SNUUS SRS S NN SN S B
0° 30° 60° 90° 120° 180 o« 180°

b. Longitude -
Curves for ¢;=-+60°, 10°, 20°, 30°, 50°, 40° form top downward at a;= 10°.
v ©1=+60°, 50°, 40°, 30°, 20°, 10° ” ” at a;=120°.

Figure 4. Discrepancy between Schreiber and Legendre at the terminals of

the 200-mile geodesic.
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VI o#EIE, KEBONEAC 2200 7 A00% {72 £/ /0 5 53 TN THBETHRATH S0
5, FEMEO1LT B IRREIICIES.

Table 3 Maximum discrepancies* at the terminals of the 200-miles geodesics between
Schreiber (8), modified Schreiber** (8S), Legendre (L) and Helmert (H)

Asomaw dﬁma:g'COSSD

S—L SS-L S—-H SS-H L—-H | S—L SS—-L S-H SS—H L-H

+10° | 070050 070002 070049 070002 070002 070017 070001 Of’OO%g 070002 070002

20 53 3 52 2 1 19 1 2 2
30 56 3 55 3 1 19 1 20 2 1
40 58 4 58 4 1 22 0 22 2 1
50 63 4 63 4 2 22 0 22 2 1
55 "4 3 2 1 1 2
60 106 4 106 3 2 24 3 25 1 4
65 7 4 4 11 1 12
70 0.0856 0.0027 0.0844 0.0017 0.0015 0.0301 0:0054 0.0327 0.0006 0.0058

In most cases, maximum discrepancies occur at different azimuths with each other even for
same latitudes.

** x and ¥ are calculated by eqs. (16), (17), (18), Corrections —4dp(T), —42(I), —dp(Il) in
egs. (21), (22), (23) are applied to eqs. (I), (II), (1), respectively.

5 drg
e 1 L2 sxv 22 opswn

FBlRICELONB L3I, VY% v FAOEBTIRERE n WEL B3I - THEEMNEET 2. Lich-T

d"SD drt 1 drt1 - . . |
o dsn % U i B Tt gerT ERDES LT pLE, FEEMACHALTOTE, LHELR

FLUNEADS OIS 783, ChERD X DI CTTHAE, BOBBMEEPETTE 5.
O I
u=cos a, v=sin @, ¥=cos ¢, y=sin ¢, t=tane¢
L. (JEK T, vYe ¥ FAOKHICE u=(c/s)Veosa, v=(c/s)Vsina, ¥a 34 N—OKHEC
it u=scosa, v=ssina &%, Fil, HEdShE-TVE. BRLEVLIKEFEEEETS.) B),
10$) 5

dngo . V7L+2
dsn v "

n+

= Vcn 2 s iemA(a) B(p)
drtip n n af dA da dB dy
Aot =L {mrpyyrdlnimapryregin( dip BB G A) o
@, G)»os

%= — hz—zz—uxy (25)

B (D, (26)2 COIMARATI (@) DILIEIHE > T

cntl drtle
Fn.H —W W
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2{ MWmm+muAM£}+thvW%B+zmmV%Aig

dA

Z}{ hem*e (3 4-2)uA: tyB} + 2 htmy da tB+ Y Py A= ZB + Z}hz’"*?uArZ dB

hz ‘

IS NG DEDHEIDEDHE DEDHP) (26)
&8, ceTem, A, B, 2m+2, (n+2)ud, xyBERICHIIL, LTk n ROFH, WA n=41551
4001, 4002, 4021, - 4062 EHFITHhE, D(DHRFOERTFriEshs (D, XD, Z
MIEDWTHRMTH 2, L(TM)TE #ikD ADEH (GB1EDE 1B 1 Dawn vl OFERE05,
w%%izmwﬁwﬂ®%&mé.%ﬁbuiA@%ﬁamzﬁﬁmﬁﬁ%ﬁvﬁbén,cn%ﬁw&wmﬂ
LCHET 2. Z(V) B 2D I A2 2T U2 DGR E . K2 4INZ TE6)ERENE, BUQ0) 0
5B,

BEICHOVWTHRERICAD, Aick s

G-y

= (TV>nzhz,nA(a) B(¢) @n
s THALG), (D, @B)EAATHIE

¢ \ntl gnt1)
Gro=(5)"" G

dA dB

= (—h2m*epy AxyB) + Z}hz"lv tB + th’"uA dB o hEmAy At T do
=Z(I)+Z(H)+Z(H)+Z(W) (28)

COREAROEATHIT I, PROADOEIELDL.

P,

Figure 5

452 2 2005 R A & AR OBME
HS Pu(ps, 4D & Polps, 22) R s AT 7 THES (55 D). THORARIGILEL « A% (1967)
KINREROXTENTE 2
'dz-gitan o1 /1= sin’g, sin o,

2 —
1—6‘12—(51—;2) {sec 2g01+ez(coszgol—seczgol)} v1—¢? gin%p, sin a; cos ay -+ 29
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5=370. 4km DBED d DEEF 4 F altRT. VRO ETH M, COEIBEENF L BEREL,
F S SEEICAET 3 & XICERER S bOBEBLICBY ABREIRN3Ikn TH 5.
Pt BOTHEREAMRO I A, PRDEL - AR Q967) Lhid

0:<Lglkl)s+("1_glklkl/ _I_Lo-l’klz)sfl.*_ ...... . (30)
2 2 6
gy = ~m1—sin ¢ sin oy g = ~isin ay oS ag
a ! Coay
k1= sec ¢y, kl"z.—i—tan (1 COS a;

LTI oy FHENET P KB 2B OHE, of 320 s icBId 2 1 KRR, & 3P lcBY 28R,
R 32D sICBET 5 1 IRBBETH 5. s=370.4km DBED 0 DEAEE 4 FbITRT. d LFERRIIC, BRE
TREL, D a=90° DESRKFREL S, DPERLICEY 25EREEK2° Th 2. HERIEASE

ThHoinb, BFN a O EOFAE a1+0 TH 5.

WiT, WHER EMBIROBIEEERY 5. Lo 0 FRNATH 25 SMIBROTGTME o TEMT 5. PP

HOMBRMORS BMIETNS b 53 N— RO ETHS. TIOBMBROBNT dr EFHRICEEL
feR&x d E5hid

dr=dlsec a,

Table 4 Relations between geodesic and loxodrome for s=200 miles.

a. Maximum displacement (d) from geodesic to loxodrome

0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 100° 110° 120° 130° 140° 150° 160° 170° 180°

m m m m m m m m m m m
20° 0 185 363 527 672 793 886 948 979 978 948 891 809 706 585 451 306 156 0
25 0 234 459 668 852 1007 1126 1208 1250 1253 1218 1147 1044 913 759 585 398 201 0
30 0 287 564 821 1048 1240 1389 1491 1546 1551 1510 1424 1298 1137 946 731 497 252 0 .
35 0 347 681 991 1266 1498 1679 1805 1872 1831 1832 1730 1578 1384 1152 890 606 307 0
40 0 414 813 1184 1514 1792 2009 2160 2242 2253 2196 2075 1894 1661 1383 1069 728 369 0
45 0 493 968 1410 1803 2133 2393 2573 2671 2685 2617 2473 2257 1980 1649 1295 868 439 0
50 0 583 1155 1681 2149 2543 2852 3066 3182 3198 3118 2945 2688 2357 1963 1517 1033 523 O

b. Deviation (#) in azimuth from geodesic to loxodrome

0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 100° 110° 120° 130° 140° 150° 160° 170° 180°

20 0.00011022032041049054058060061059055051044037028019010000
25| .00 .14 .28 .41 .52 .62 .69 .74 .77 .78 .75 .71 .65 .57 .47 .37 .00
30| .00 .18 .35 .51 .65 .77 .86 .92 .95 .96 .93 .88 .81 .71 .59 .46 31 16 00
35| .00 .22 .42 .61 .78 .931.04 1.121.16 1.16 1.13 1.07 .98 .86 .71 .55 .38 .19 .00
40| .00 .26 .51 .74 .941.111.251.341.391.391.36 1.28 1.17 1.03 .8 .66 .45 .23 .00
45| .00 .31 .66 .88 1.13 1.33 1.49 1.60 1.65 1.66 1.62 1.52 1.39 1.22 1.01 .78 .53 .27 .00
50 | .00 .37 .731.061.351.59 1.78 1.91 1.99 1.98 1.92 1.81 1.65 1.45 1.20 .93 .63 .32 .00

c. Difference (»—s) between loxodromic and geodetic distances

0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 100° 110° 120° 130° 140° 150° 160° 170° 180°

m m m m m m m m m m m m m m m m m m m
20° o o0 1+ 2 3 3 6 7 7T 7T 6 6 5 4 2 2 1 0 0
25 o 0 2 3 5 7 9 11 1 11 11 9 8 6 4 2 1 0 0
30 0 1 2 &5 8 11 14 16 17 17 16 14 12 9 6 4 2 0 0
35 0 1 4 7 12 17 21 24 25 25 24 21 18 13 9 6 3 1 0
40 0 1 5 11 17 24 30 3¢ 36 37 34 30 2 19 13 8 4 1 0
45 0 2 7 15 25 34 42 49 52 52 49 43 36 27 19 11 5 1 0
50 0 3 10 22 3 49 61 69 74 73 69 61 50 38 26 16 7 2 0
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THBP6, ChE P P 2 THEATHENBHROBRS v BB oh5E. bbb
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P8, hSEZ T s=200 ¥EICKT L T (=) /7 10,0002 iTE L5,

SHIIE T b b s=1218H =22. 224km DIBAIE, ZhLOERELDTHNENL S, o1=+50°, a;=90°
LT, d=12m, §=0°2, r—s=1.6cm ICBETIL.

fHie 3 WMREEHE LB 0ER EoPRR

2 WA ORR &3, TEHED b ORMHREEEEE LW RO TS 0, ChEHHREOR 2 SEOIEH
&5, Uh U HERAr s cig o ifIRE R © o & &icld, BRI Echidic 2 SloRE %4
MAERL, chicRETCENES. [kC SHEL O OEHEHNS, 2 RKOBE " SHBORTETRE
T5. ZOLSHEREEHLIGEOBROKE LOTHED 20 RZOREOREE R, dbsAEKOM
FAORBEHBOPLEFNTTOOTH 24, ChiCEEROBRELN, CEIT2BOTAMSPINLE &
KRR ROMENRE TR THT, INOOREEEHRTRD Z2ABELL TEL, HERSDbYDTY
BTH 5.

BB DHRE Va 23 BHEEEEZL 5. TBOHE Plp, DORLENE Q OB MMEE v,y &3
hig

x=2 ‘ (32)

st £+ ) deene) |

2HIRE Pi(pn, A1), Pal@e, ) DRI ELLER Qi ¥2), Qulde, ¥2) ETHUE, QuiQe DHEE L4813 Q1Q. ©
s
2= xl;xz , Yo= yl-ZFyz
%@b,moxm@mﬁm&9m+mw%%£%)@ﬁ%m¢,#abg
X —Xp |
Y=
EBIFIE, COIREHNHBOHERIR

y—Yo=k(x—1x) B4
CORNEZL 5,913 (32), BN IKL-T o AREHRTE 5. ZOBEE, ¢ KOV TREBKEREZR NS, 4
whb

_(1—esin p\*/?
Ep) (1+esingo) (35)

EBFT GHE
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p=2 tan~(S1) 7 (36)

&%, e FHABEABROETSHS. CCTEDFELHELELTEW) =1 &BHEGOHICE »T e DF 1i#H
oD 212, Chaz@ICEARE 2L E@QMR SN GE)IC X - TH 2E ¢(@2) 2B 5. BITC
NELSDELL o(i—D =) 05 LONE, ThPHED ¢ TH 5. 5013 o) =(01+¢2) /270 5 HF
TRFPHEFL 23, '

Py, P BISLOHISE P (o), ), Py'(py, ) KD Th, ZOMIME Qi (s, 0, Qf(x',5) OFET
413 (34) & FakkiIC

Y=y =k (x—x") @n

LiB. LTI

Y Tt Ay e w —xy
2 » i ) ’ yz,_yl,
ThH3 ZNTING 2RAOHEE_FHORTER QBRI

g T Yt R — R %y
k—Fk

Yo

y=YoFhx—Rxg=yo' +R x—k %y’
ROCHINT 2L LB R @ 0, 21, 0%, y 5 LK~ LF UAETHETS 5.
GO MBEABELOSHMRE, HWELOKRO IR OEMSBR RO, VHIETHEL 24P
P, BRHLHINC BT 5 E 5 THB. 2 ORIGFEMESRD bR NN, ¢ CTRIHOFHICHRE
K (e=0) & 3hid, KL 2 Aot EoER (36) 15

@o#Ztan—{tan<%+%> tan(%+%)]1/zh_g_

TH5 HEOPROEER (p+e)/2 TH B D

Sp=gpo— %g@z

EBGE, PIAE do=g.—g1 & LT 400 ML & O 24 EAR - 140 dp DMEKED £ 31D, T
DR GEEOP RGO R & EHREIC D 2.

¥1 0° 10° 20° 30° 40° 50° 60° 70°

do=400" | 0’3 174 2/5 3'8 55 78 116 19'6
do= 24’ | 00 0”2 0’5 0"7 171 175 2/2 3'5

AXTHNIL DI, ¥a A —OHEEZDEEBXON 9 ROPMHEERICET 2707 508, R
gﬁ®mm%%Eﬁﬁmbt.it»9+?PW®ﬁ&%iU«wxwrwﬁ&mfufﬁAm%@ﬁmﬁﬁ
FREMER L. choD7rarsaitksyaidr =, BEYaF345—, WPy Y Fob, ~NVAME
OHEEE E3E) BEHENET L2 COM, MRECRBEfOMEEH &b, YaFfn—:
HoADHE (28 BLUMBHRE (E4Fc) RRELTHEN . WRICECEH#T 5.
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STUDIES ON PREDICTION OF THE ERUPTION
OF NISI-NO SIMA VOLCANO -II
—PRELIMINARY DIGITAL ANALYSIS OF MULTISPECTRAL IMAGES—

Masakazu Tsuchide*
Received 1977 October 12

Abstract

As a part of the national programme on the prediction of volcanic eruption, the Hydro-
graphic Department is conducting the investigation on the remote sensing technique to be applied
to the submarine volcanoes, Among various features relating submarine volcanoes, of particular
interest is the correlation between the appearance of discoloured water on sea surface and the
volcanic activity beneath it. Hence, by measuring the state of discoloured water, we may
predict growth or decay of the volcanic activity.

Nisi-no Sima Sinto was born in 1973 with heavy discoloured water in the immediate
southeast of Nisi-no Sima (27°15'N, 139°53’E). Since the sea area around these islands can be
regarded as one of the best sites for the experiment of remote sensing technique, surveillance
has been made by using of the air-borne multiband camera, MK-1, manufactured by IS Co.
Ltd. and the thermal camera manufactured by Nikon Co. Ltd. The first report (Sugiura and
Tsuchide, 1977) dealt with the analogue technique with imageries taken by the multiband camera.
In the present paper the preliminary experiments on the digital processing is described.

Four sets of multiband (B, G, R, IR) imageries have been adopted as sample material.
They were taken on 1974 October 29, 1975 August 13, 1976 August 9 and 1976 December 16 (Figs.
2a, 3a, 4a, 5a). Along the coasts of the islands, 25 points (Fig. 6) have been selected to be measured
their imagery densities in four colours respectively by vidicon tube scanning. In order to
correct the effect of roughness of the sea surface, measurements have been made at 49 (=7X7)
spots within +£0.7 mm from each object point and averaged. The sunspot effect has been
corrected through subtraction of density values of the imagery, which were taken on the open
sea immediately before or after the exposure on the islands, from those on the object imagery
(as is illustrated by example in Table 4). The density values thus corrected (Figs. 2b, 3b, 4b,

5b) indicate some conspicuous colour feature but are still insufficient to express the degree of

* WIEFR Surveying Division
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colouring quantitatively.
Then, three kinds of digital experiment have been made by making use of the corrected
density values. ‘

(i) The frames taken on 1976 August 9 and December 16 have the overlapping of 80% with
respective neighbouring frames. After the sunspot correction, density values at each object
point are compared with those on the neighbouring frames. Most of the differences thus derived
(Fig. 8) deviate from 0 more or less, suggesting the incompleteness of the sunspot correction.

(ii) Since the imagery on IR-band contains merely the information on physical state between
the sea surface and the camera, like waves and clouds, the difference in density values between
the imagery on IR-band and those on the other bands may indicate the existence of the
discoloured ‘water and its magnitude, excluding the effects due to the physical state as well as
to the vignetting. However, the actual differences thus derived (Fig. 9) show larger scattering
than the differences by (i) above. At least in the present case, the sunspot effect seems to be
more significant than the other effects.

'(iii) Procedures to derive the differences (i) and (ii) have been combined. Namely, density
value differences between neighbouring frames on IR-band have been subtracted from those
differences on the other bands. Differences thus obtained (Fig. 10) deviate from 0 systematically
on the average.

Through further experimental investigation together with the preparation of appropriate
softwares, it is intended to establish a standard procedure of digital processing for measuring

the colouring of sea surface quantitatively under various conditions.

1. Eans
TRFIAOFE R HERE & 9 5 JGUE AT MEE 1 k5 & FE1E SBRC 4 EEICA > T 3. KB IR i
T RHEEMOPEEAT S & LCARFEBML T, BR4OFEEIK VTN F A * 5 EFRIMGEE
FEALTHREIREMESROWIUCETL, BMSMERICES VA A —&— &4 5 —ERBITERAEAL
TEHEIE S X TSR OWZEAFT 780, IRFISTAER IC IR IR A A B A A UIRTIS2SE I A L e BB A
SR &R O ETT - 7o AHE O FIFE TS 5 EMS3ERIC A HT LB OBA LT
EL, ChoDEBIC L 2RENEERITOMIEE &> TRILIEKTHE LK yEIHEPETTEFETH 5.
AEE LW 2l - W, 1977 Ok E L TevF v FEROMENEI L 3HEEEO—Tic>0»T

AR B,

2. BRI &K ORI S
TR LTEBATESAL S USSR I O BASRA T 2. KOUHEE IO 5 Bk & D < TRICHE
FROHO WIARRE) PSRRI ERC LTKBEZs 2 b0 BAIRESD) BERICH DI
B, MR & B EEBINASTRETS 58, MRS (1977) 1k & KL I DAL RIGIC & B Mk O
S8 RIS KL OEBECE U T2 0BsZ e 5 LR L. CORREFETIE, BREOELARL S
T EIC L D BEKLOKLEHOBESEETE 5 C LT, —BICHR SN S 35 4 5 — BRI
B LOBRBRIEC L » TRESKIRICEL LU EREICHEENSED, VA= Ls 4 PREOHREREL TS
PEIL - e RBELETIREShBAKOREBHERZOE I TRAMY TH 5. Ch b ick_TerF
Y EN A 5 BEEAROBERICE A8 Y FEOBEERSTHETH 0 BRI S OREEE- TV,
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1) QIWFNYREAAS

TNF NV F A5 RBI60EROEBENORBLTELAA T TH-T, 300~900nm DIFLEID ST
FTORESMEEE, NV R T R -k o THEOHERBICAHE L Cll4 OBEEE4E2 T T
XD, TNFNVEFERAFE D) YISV YR e wF T 4 WEFR, ) AN TF LY e ST 4
LAHR ) TAFUYR T T 4 WAFRICKINT B ERTE L. ZHROKHAEE L HEIORT. K
BB THALTOWB I A SRBeNFLYR s VST 4 vAHRICET 5.

RNFNY FEROFIFIZT 5 u s BREF Y 2 VHRICRBSNE. THesHRRT vy =7 8 =%
BALTAYFZEDT 4 Vb1 HDOBRICAR LD, 74 VADTERES AT 2HETH - T, WEDH
JEBES 2 B PIRELC & - TS 5 € LIC K D HBEOMEMEBHILF L 95 2 BT 2. (HRAITD,
7LAE (1976), #257 « £ 977

Table 1 Types of multiband camera.

single-lens multi-lens multi-lens ordinary
multi-film single-film multi-film camera
lens single multi multi single
film multi " single multi single
shutter single " single multi single
intelrecrllxsange possible impossible possible possible
s : a little ; ;
1nsjtrument complex simple complex E simple
plz:?;l%aex very small small large . none
size large small medium small
i
!
structure . L — —
{
—1 film :
~—— mirror !
i
1
— shutter ' y | 4 |
<> lens <%> |
- I
|
H

FORNERE Y FCEOBERESZEHICHEL TZOBEAHMEL, 20 b0y 2 5uiErE
HABL OB AE2b0THY, BTHEROEHKE Y 7 by =7 ORMMAIRL 2 BRK 197).
7 F AR TREEEEOKN & SPEHBMEICET 2RI 2 WBEEE B0, 7Y VETHE
FO—H—EHEBRKNET 27D 1 DOV FROVDTHEES W ABGR T -2 QIEHSKRTHY, NV F
BT Eehic I L ©F — 2 BAHKRT 2. #t - TER E—KROBEHBEBROhD O BB 4120 EhH
L CEERLENTON S,

IKIBICEBA Lfzw TN B 4 5 MK—1 37 # Y 50 2S#k (International Imaging Systems) @ %
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DOTHY, TREFLITOEY TH 5.
% #:MK—1
Yoy ld—: Tx—ANTV—YR 1/1508~1/3508
VYR 2k A=, 150mm, F2.8, 4K
ERY AR 94 YF X994 Y FHIKS.54 ¥ F X3.54 ¥ FHEEHA 4 1
M e, 5
TANE— 13Xy ) 5y T VT 4 NVE—
$7B (), #57A (&), #25 GR), #88A (M)
#47B, #57A, BTN T v v * 77 4 v s —BEH
WML 1 3002 — /2507 4 — b

0% " R — 47B
V] ! H
NENEE
oo1% ! o \ - 25
2 ~-~ 88A
; Jo0 B
@10'/0 \ ;\ i
P \\ ’,l' \\\\ |
100% = ;mﬁ\ i

400 500 600 700 800 900 nm
Wavelength

Figure 1 Filter characteristics used in MK—1
multiband camera (Kodak, 1973).

CDOTWFNYRHAZF4NYFETHD, FHENZ4EO7 « V& —OFERR1ICRTEBDTH S,
4oy FIREREMDONECE NV F, v F, v B, FANY FEFERTEY, choony
FOBHE7 4 VoA EToBMESRToMcEEAEhz1 (F), 2 G, 3 R, 4 R D¥cEk
L oTiTbha, 7402 =3 vy XBORICEASNTOT, 74 w2 —2ML 1B OHEEOHH
BRI oD KBTI T 4 v —OFHREFT > e L@V, L UHR & T 2UHR D 500 AHR
WO CTHMCABL 7 4 VR~ OFIRIQBER C ETH 5. Rkl L aEfKic VW TRIhET
ORERC X DR EFOREGFEE, THbbEBINVIIEBONY FELIEENEHEEDNEDTT 4 v —
DI ABROFEDO—DTH S,

(2) EigF -5 RITEE

TNFNYEHAFICE > THONBEHEHRER T s va LOT > o/ BTH 270, OB
(LU CETHERCAD T 2ICE T+ n s P Y2 VERBENKETH 5. CORDOEENI L DrHRE
hTVaBERE (1976) ik 2 RENTBRBOMEEE 2 10RY

wic, BFHHERIC K AEBUEROWBAIELTHIA VT Y VL, #5 -7 59V, BH7 4 VAL
SHOBNE. ThoDhEEE 3 IR

KEEEBIC BTN SN TV ZEHERITHO Y 2 F 513 BAFEDOLDOLEHT) KNDEBHTH 5.
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Table 2 Characteristics of typical input devices
scanning scanning . grey S/N
method speed resolution level ratio cost
vidicon sequence high 58(5)(? 3 ?go_po ints normal  medium low
diigézgteor random medium 5825 3 ?gbqpoi nts normal low medium
flying spot : 4000 < 1000— - . :
Ycanner random high 10001000 points superior high high
drum scanner sequence slow 50-10 lines/mm  superior high medium
Table 3 Characteristics of typical output devices.
density  positioning grey gt image -
resolution  resolution speed level coloration distortion cost
pllriig?er low high medium  inferior no inferior low
monitor TV medium medium high normal yes medium medium
film image high high slow superior yes superior medium
1 2%y —E 2 ayvia-—3—¥f
vy v 14>F Yy 7Y oA EENEKTR 63 5ps/
E—AREy b 20pm 1 HER17H
RIE @ +0.5% 2T KR K12 EE 11480
H s BE#H2DICBNT 245, 76053/ T
4 +0.02D BIESE ¥y b (256BH)
EAHR 307 4 —NVFIH R +ILEy b
5254 V4 — L —2A =ty i 0.06D~2.25D
3 BFHEBR (3=.3vFa—%-) 4 TR
LIERT [ast=lvg W —7" V=&~ 400F/%
R 16"y /38 A4 vFYyvE—  300f7/5
YA TWEA L 1ps WS 4+ X7 9.6M/N4 b (4.8M/3A b
RARE 24kw BEE, 4.8M/N4 b EZE)
KT —7 9 FF w7, 800bpi

BTHEBOLYDOY 7 by 2 TREEDE CAMEEOIA, [BliE, SEEE, X M7 250R-ANNT D

O TR AT 3 S OMNHATIER L L Nid s S50,

CHEBRERHEE T 210 TH 0,

COEBEERBBISETOL ETHEEPRIEBOBVERETH L. BERAVF Y FEBP LY FOEKE
BKOBEHEIHB L 720, B L 2EE TOMGEOENERE LD TR0/ 7 AORRBEBRICS 5.

3. Bl

SRV BRI TR B s Nic 4o~ vF Y FEETS 5.
1) 1974%F109298 K 2a
2) 1975¢E8 A13H X 3a
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B IR
G R

Figure 2a Multispectral image taken on 1974 October 29

o—a blue band
= green band
> red band
o—o infrared band

Relative density

4 5 8 5 10 111213141516 17 18 19 20 21 22 23 2425

Point number

Figure 2b Density values of object points on Fig. 2a
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Figure 3a Multispectral image taken on 1975 August

—=2 bluye band
~—~ green band
&~ red band
o—uv pfrared band

Relative density

1 9 10 M12 1314 151617 18 19 202 2 2324 25

Point number

Figure 3b Density values of object points on Fig, 3a
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Figure 4a Multispectral image taken on 1976 August 9

ar

o—o blue band
»— green band
s red band
»—o infrared band

Relative density

1 23456 10 131415 16 1718 1920 21 2223 24 25

Point number

Figure 4b Density values of object points on Fig. 4a
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—o blue band

> ~—+ green band
‘0 =~ red band
[l
3 n—s infrared band
[J]
2z
k]
L
-4

t 234 567 89 1011 1213 141516171819 2021 22 23

Point number
Figure 5b Density values of object points on Fig. ba
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BzErRBZENENER

Figure 6 Location of object points

Nos. 1 to 5: Area of discoloured water
Nos. 6 to 9: Area at which migrations of
sand and gravel are conspicuous

Nos. 9 to 13: Area of discoloured water
Nos. 14 to 20: Area at which progradations i
of sand and gravel are conspicuous

3) 1976F8H9H [K4a
4) 1976%F12H16H  [K5a
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B IR
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Figure 7 Sunspot on 1975 Agust 13, cf. Fig. 3a



Table 4 Example of data reduction

BLUE GREEN RED INFRARED

1] 6 Gy A Gy B Gy Gy 4 Gy B Gy G A 8 B 6y Gg A Gy B i

1| 249.1 251.1 1.3 - 2.0 0.0 | 250.3 251.8 2.3 - 1.5 - 0.7 | 249.5 250.5 1.3 -1.0 0.8 | 248.9 251.1 2.6 - 2.2 - 2.0 1

2 | 247.7 249.8 4.6 - 2.0 -0.7 | 288.7 249.5 3.3 - 0.8 0.0 | 2474 209.2 3.3 - 1.8 -0.7 | 248.3 248.5 2.7 ~-0.2 1.0 | 2

3| 243.9 245.2 4.5 -1.3 1.5 | 2454 2M6.2 5.0 - 0.8 0.6 | 2B4B 2459 5.6 -1.1 -0.1 | kb6 2458 5.7 -1.2 0.8 | 3

° L] 237.9 240.7 9.2 -2.8 -1.2 | 239.8 241.2 9.2 -~ 1.4 oMb | 239.3 240.3 9.5 -1.0 0.2 | 238.1 240.1 8.9 -2.0 -0.8 | L
fl 5] 229.9 231.5 15.5 - 1.6 - 0.6 | 230.2 232.0 15.3 - 1.8 -0.3 | 229.6 230.8 15.5 - 1.2 0.7 | 230.0 231.2 15.9 -1.2 - 0.6 | &
© 6 | 215.0 216.0 22.0 - 1.0 0.9 | 215.2 216.7 22.6 - 1.5 0.3 | 213,5 215.3 22.0 ~1.9 0.5 | 214.6 215.3 22.0 - 0.6 0.5 6
> 7 | 192.1 19%.0 31.1 - 1.9 1.h | 192.8 194.1 31.4 - 1.2 0.5 | 190.9 193.3 314 - 2.4 ok | 192.2 193.3 30.6 -1.1 1.9 | 7
5 8 | 159.5 162.9 32.6 - 3.3 4.6 | 161.0 162.7 33.0 - 1.7 4.2 | 1591 161.9 374 - 2.8 0.0 | 159.7 162.7 34.6 - 3.0 1.5 8
9 1 122.b 130.3 43.6 -7.9 1.0 | 123.9 129.7 42.0 - 5.9 5.3 |121.7 12,5 L2.3 -2.8 3.9 | 123.6 128.1 L34 -L,5 2.9 | 9

10| 77.7 8.7 544 -89 6.7 | 76.5 87.7 47.8 -11.2 11.1 75.5 82.2 53.2 -6.7 8.7 ?7.3 847 53.8 -7.4 6.0 |10

11 | 16.7 32.3 32.2 -15.6 -15.5 | 17.6 39.9 39.8 -22.3 -~22.2 13.6  29.0 29.0 -15.4 -15.4 | 17.5 30.9 30.9 -13.4 -13.4 |11

12 0.0 0.1 - 0,1 0.0 0.1 - 0.1 0.0 0.0 0.0 0.0 0.0 0.0 12

1] T Ty T E Ty T c Tp E Ty g c T, E Ty Tg Ty E i

1 118.9 111.7 -8.3 7.2 15.5 | 8.6 99.9 - 9.8 -18.4 - 8.6 93.1 846 -6.5 8.5 15,0 | 167.3 162.,7 -3.0 4.6 7.6 | 1

9 | 123.3 114.6 -8.3 8.7 17.0 | 117.2 128.7 - 6.0 -11.4 - 54 | 150.1 132.1 - 2.8 18.0 20.8 | 201.3 194.3 -1.1 6.9 8.0 9

10 | 125.6 115.8 -8.2 9.8 18.0 | 127.7 107.6 - 8.8 20.1 28.9 | 155.0 120.9 - 3.1 341 37.2 | 199.8 190.6 -1.3 9.1 10.4 | 10

11 | 1242 119.1 -8.2 5.1 13.3 | 117.9 113.5 - 8.0 4.4 124 | 137.6 1319 -2.8 57 8.5 | 189.2 189.1 -1.4 0.1 1.5 |11

w | 12| 1319 128.3 7.9 3.6 11.5 | 127.2 125.5 - 6.4 1.7 8.1 | 133.9 157.2 - 2.8 -23.3 -20.5 | 196.1 172.0 -2.4 k.2 26,6 | 12
£ 13| 130.5 137.0 -6.9 -6.5 0.4 | 119.2 120.5 -7.1 -1.3 5.8 | 131.8 127.7 - 2.8 L 6.9 1 186.3 198.7 -1.0 -12.4 -11.h |13
- 14 | 123.0 139.5 -6.6 -16.1 - 9.8 | 131.9 133.4 -5.5 - 1.b 4.1 | 143.7 155,14 - 2.8 -11.4 - 8,6 | 201.3 206.3 -0.8 - 5.0 -4.,2 | 14
2 15 | 1780 151.9 4.8 22.1 26.9 | 190.9 152.1 - 3.1 38.8 41.9 | 200.4 176.7 - 2.6 23.7 26.3 | 223.8 223.2 -0.9 0.5 1.4 ] 15
< | 16 | 198.2 1h7.7 -5.4  50.6 56.0 | 213.8 1487 - 3.5 65.1 68.6 | 226.6 1704 - 2.7 56.2 58,9 | 233.4 218.7 -0.7 147 154 116
S | 17 | 181.9 1474 -5.5 34.6 bo.1 | 1784 147.5 - 3.7 30.8 3.5 | 2045 1723 - 2.7 3222 349 | 2313 221.7 -0.8 9.6 104 |17
£ | 18 | 18,9 153.8 -4.6 31.1 35.7 | 177.1 152.5 - 3.0 24.6 27.6 199.6 175.6 - 2.6 24,0 26.6 | 233.2 222,0 -0.8 11.2 12.0 | 18
19 | 164.6 1484 -5.3 16.3 21.6 | 158.7 1k6.h -3.8 12.3 16.1 | 189.9 163.2 - 2.8 26,7 29.5 | 227.7 220.4 -0.8 7.3 8.1 |19

20 | 149.9 148.3 -5.3 1.6 6.9 | 135.5 147.0 - 3.7 -11.6 - 7.9 | 1641 161.5 ~2.8 2.5 5.3 | 220.1 221.3 -~0.8 -1.2 -0M4 |20

21 | 139.9 145.8 -5.7 - 5.9 - 0.2 | 120.9 145.5 - 3.9 -24.6 -20.7 | 135.8 159.8 - 2.8 -23.9 -21.1 | 213.4 217.7 -0.7 -L4.2 -3.5 |21

22 | 129.0 142.0 -6.2 -13.0 =~ 6.8 | 108.9 127.8 - 6.1 -19.0 -12.9 | 12l.1 135.8 - 2.8 -14.7 -11.9 | 198.1 207.7 -0.8 - 9.6 - 8.8 | 22

23 | 120.5 120.0 -B8.1 0.6 8.7 | 108.2 94.8 -10.4 134 23.8 97.0 75.9 -7.7 21.0 28.7 | 156.8 160.3 -3.1 - 3.5 -0.4 |23

2l | 104.9 108.1 -84 - 3.2 5.2 | 90.6 63.8 -16.7 26.8 43.5 743 L0.9 -13.3 33.5 46.8 | 115.0 90.5 -7.0 24.5 31.5 |24

25 | 101.3 96.3 -8.7 5.0 13.7 | 68.+ 6b.6 -16.5 3.9 20.h | 50.1 39.7 -13.5 10.5 24.0 | 100.8 749 -8.5 25.9 344 |25

Gy: density values of the grey scale on Nisi-no Sima imagery (Fig 3a) | Tn: density values of the object points on Nisi-no Sima imagery (Fig. 3a)
Gu: density values of the grey scale on the sea surface imagery (Fig. 7) | Ts: density values of the sea surface imagery (Fig. 7) at the corresponding
AG)=Gs(D)—Gsl+1), i=1, 2, et , 11, locations to those of the object points on Nisi-no Sima imagery,
Go=Gx—Gs, o =-BO [Ts(t)~Gs()+Go()T, Gs(+1)=Ts()=Gs(),
B({i)=Go({)—Go(i+1), i=1, 2, - , 11, AQG)
Tp=Tn—Ts,
E(i): corrected density values of the object points on Nisi-no Sima
imagery,
E({1)=To(Q)—C{), i=1, 9, ------ 25,

(448
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T BPRHEICRNEERLZ G OEER (K7) KEEE 03> EFHOEL I ROMKRESLTED, K3
a TRADNEIHY T IR TOMERIRVORIH D, HENBOEFHTHS. CODREL BEMINE
10 (AW IiREEHECRE RIS 255 IS DRI 0 LB LIPS NTH3E) 75 7EMREL I
21bDTHAS.

K4bTRESY OS5 7 DLENBHEORIBETD. KdiadF/S Y FREGKMNEROZESRICDH
e THONT 5 7HRAELBE DO LELONIMHBERYTH L. HBICAOEEOEBERE Y K2
BT 0T & d 1L COFRBIC > TREER EFThTH 5.

‘ RI6DH BTN Y FICRBNS 7 5 7 O%biAS, B XU FAE Y FICRBNE 75 7 Dbty
BEBbIEORONZDDTH T, BREMOHMEMMIAT S/ BREEE (RiaBLUORb5aitBNT
H o RSy F TR KOS, TR SRAEAS Y TR S B - T 3) 25ARLHRZEAL
FRERIC LB b OTH S, ' |

B 5b TRANBORIEOEH DM, [4 DEMNTNTONY FTREVONPEHLD. F g O3~V
FIZDOWTREEKPEERHRE LTRRTE 28, Y Fikon Tl ba it dEfKiEE RO 5h
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LIBRT 2HDPERTH A 5. M ORBEZ Y OB 4 AN 200 B IRV RS ORIz
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> TEEAD D E L frbhic &b, FRFEAEDIEC LR SICETARD, f5R/HEMEERIIRL
THEVESERLS.

BRI X - CHEEICEEZEMNE U3 BRI BRI L2y v « ARy Me k2 b00BMK L ¥ XOFLNETE
LOBENAEN. VYXOFIREED R, IR cos 4 BRI L QMO TSN, LW TF% (1976) i
L, KEEBIKBZwNF Ny FAA FHERASNTHE L Y 38D % 5.6 LTREIFIBAICE, cosd
FANC L2 DLV FEHICEL ORBELHBED SN, KD 4 OBEIC I OMONE TR O Zh 050
- G~B0% LIrIs. o7 4 VADENGH BBEHOENDY, B, BOESLBUTERVOONEY,
TN OBRASNIER, AT > LS BRRERABEL Y TREROEIIC L 2BER2IMEL Shish- 2
SO EbND. '

BEOBREZOMIEZR 2 MOFRCHAN Y FOEGEFAS 2 5B S 5. Chidsf v F ol E R
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Figure 8 Dénsity differences between overlapping two

frames

Figure 9 Density differences from IR-band

Figure 10 Density differences from IR-band between

overlapping two frames
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Abstract

Through the LANDSAT Follow-On Project, the Hydrographic Department of Japan
has received the digital data, contained in the Computer Compatible Tapes (CCT), of Multi-

Spectral-Scanner (MSS) from NASA. Some basic computer programs to process and to
analize the CCT data have been prepared for the computer NEAC 2200 model 500 in the

department. They are as follows:
1. MSS digital image

Digital values of MSS image are substituted respectively by the selected character

to represent such density as similar to photo imagery and are displayed as a digital picture.
(Figs. 4, b) ‘
2. Density variation on a line

For any MSS band, sectionlike graphic representation of MSS image along the

scanning line or the orbital track are depicted on printer sheet, (Fig. 6)

@

3. Correlation between two bands

For any two bands, mutual relations of digital values are visualized as frequency

distribution on the X-Y coordinates on printer sheet. (Fig. 7)

4, Histogram of imagery values within the assighned area

For any band, numbers of occurrences of individual digital values (0 to 127) within

the limited area are expressed as a histogram. (Fig, 8)

1. EZANE

5V F¥y b (LANDSAT) « 7 34 & l—7r VEHBANOBZMABL T, XS T bk EE#E LANDSAT @
INFARY P INAF v — (MS S EHEINT2) F—4E2AFL, BFHEREMOIMS S OE{GAE %
WL OhES BT ENTE . WET - EBTHEBEAOTRRT 2 2 L, SBCBLTHIIDTOC &
THY, WhWs++ 5/ 4RTYYEEDNSNEA C2200/500% 8 » THEIT 2 2 1T, & REME,-
TRV, EERERIERCIPEORIEERABLT, W 2207 a5 5b5%RLLOT, ZOF

BEAEHET 5.
BTOHRPOEHESE LANDSAT BEUOFNICE S SVDINTHABBICONT, HBUCENMLTEL

* WEPERFFEEE  Marine Research Laboratory
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NDSAT 155 (19724 7H 756 kd) BXUE25 QIBELA #7509 13, H1E EH00km D& X %
B IR XS ICFFRIcH LN OB BE, FREE & BITEARZD 3 &5 RHIGEOSEEHE - - AL
HET, REBEY LN 2BMCGRENBEEEL OB, HIRICRE SNl — 2 HEE0
EolREiciic’, LANDSAT 3&Hul 2 — 2 ba18H & &ICEk GIAR00E3045C A) IGBAaT 2. o
Bltid=nwF « A7 b0 e AF +F— (MSS) By g —ve—LebYay (RBV) EHER2
2HROEENESTOEINTHT, VIR GHROERNEGERL L 2HME LTS, MSSiE4D0
YE (VN4 00.5~0.6pm, NYFS 0.6~0.7pm, /XY FG 1 0.7~0.8¢m, NV F 7 1 0.8~1.1um) %
b, INED4D0YFIE, &4 6RKTDDORBID ¥ vV —PHEHICHA TEORERIC & - THE LA
LEMI, ﬂi%ﬁﬁﬁ@w%nmv4w®ﬁﬁi§¢5.C@l@@%ﬁfﬂiéﬁ%ﬁ%®@d%5mm
Ty PE> Ty ¥ —1KN7D OHREERC DL/6DMBIMTH 2 (2). MS SOF —# T ERHIE~RET
BELEDI, BRCL-CTF—7 I — & —KKiGsh, BEZETERNOHMBOmEEIBONE L5 -T
N5, W ENEOSWIGFROEBRES I, EF100~ 1 VEHOMBREICHE S (5~35HHESHTH 2),
Omm® 501240 mmOEEE L3BFHIEBIC L ZQBRTE B L30T 4 VA VT — X ICEHEL T, B
7 —7 (Computer Compatible Tape &WFiEh, CCT LBEFFT 3) OETL—H—IKABEIN T 3.
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Figure 1 Orbit and one imegery scene of
LANDSAT-MSS Figure 2 Grand scan pattern for a
single MSS detector

2. CCT >=—%

MS S REQMEETHEHINCEE LGS, BHAH @A) ICEEREED THIGEED FY T
. F—# OHALE, HETHE m FEHOKED, O OKGOEMLOBRSTHY, £hd4 >0y FicsyE|
ENTVEH 6, SEHTHEOREHEENBRS N 208 MS S OB#MTSHS. HIE~XOhTLZMSS
P s B ITAIC RN, BRI - 2 A DD/ KT &0 6 ADRRIE~D LR ONEED TS
b, CCTHRIERTLDF 4 OWNICHE » Tl T — 7 Liciiss, WEShTWE. MS SOEEE LT, Bl
WA - 7113 100 = 4 VOIBOFROF — 2 MBBON M, 2 —P—Iti@ThER 100 = 1 VEHORE (B
By — v LML) T, 2BOWKT -7 KB TAFLLO DRI M5 w2, S00BP 1) iKiE#HL, &
frahTinsd. ha CCT (ERIKE, YAFALHIE CCT EFESREEY, DTTLoctictbbix
VW) EFFATNS.



DIGITAL IMAGE PROCESSING WITH COMPUTER 129

RIC C C T OREIL DO THREISHIHEERT 3.
1y — Y ORBEPELCH > T4E08N, FAPBRF—T Lo 7 7 A Vv ELTHLL TV 3. RIFIE
INBOYY—VICHUTHEAT — 7 145 HbN TR, JETRY Y — Y0 1 BOMRT — 7
2 TS, E-rTLDOHF/IBOT—SLYY— VD7 57 A VIPTOWIICGEHShTHE. 77 A VE—D0D
Identification, —D® Annotation B L% @ Data DE L I — Fit k> TIRO L S IKHEER ST 3.
(1) Identification Record; 7 7 4 WORIHICHMET 2 L3 — FT (~Ny £ — 3 NWEOTHIEN) 4008
AR50, 23— FTEIITVE., F—47 4 VEBBIHTH 3.
(2) Annotation Record; Identification Record 23 La—FT, 0¥ —VIICHT 2aEEEN
EBCDIC 2 — FTEMN TS, 62454 515 5.
(8) Data Record #; Pl Eod 1 a— Fic#i T Data Record A52340 L 2 — FifitF, Z 01 ¥— VY40
EEBBICIL S, —DD Data Record i3 )4 ¥ — VA OFEERICHEL, ORI 8/ 34 MEFT —~2 7 v—
FERINLBAT, 05HB0F —2 EZDdH EIC 5654 bD Calibration 57— & H3FE T 5.

T T |

| ! i
N1 | n Nyt n 'nt | n N+

! ! !

)

| Band4 | Band5 | Band6 | Band?7

Figure 3 CCT 8 byte data group

(i) 8,34 MEEF—2 I/ v—7

8,54 NEBF -2 S —7 1], CCTIRIRESNIMS S7¥— 4 OR/NOBATH S, —D2D 81 b
BigF—2 /=7, RSIKRTLIC 42D,V FICRHLEL 218 (H%K) 29 >04d 807 —4
P OREENTOS. FOFRONY FTh 1ANOT— 213, BUHOK & & OIFCHD b PICHIE T 5.
BNV FORAME, BLOTRISHET 28 (BAHEEOBATHNS) 2£11IRT

Table 1 Maximum radiance at MSS

CCT digital value

band minimum — maximum radiance (mW/cm?2-SR)
(dark) (bright)
4 0 — 127 0 — 248
5 0 — 127 0 — 200
6 0 — 127 0 — 176
7 0 — 63 0 — 460
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(i) F+)Tv—vavery—2

=DV FICET 3 6 HORMBOFHERIRI LTI, f- THESNEE T OF - Chigm
BAEED L3 &, BUEWENHERIEEZAD. ARG B LA OFHIMEN b, BURREREEK
BBELENTELLSIC, CCTREAONIEICBIHEHENRE SN TS F+ YT v—Yave
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Figure 4 Digital image (negative) of band 4 near the Ise-wan
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Figure 5 Band 4 digital image depicted from every 6th lines of CCT data
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Figure 6 Density variation of MSS (band 4, 5, 6 and 7) across Tita-peninsula (west-east)
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Figure 7 Density correlation between bands 4 and 6
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Figure 8 Histogram of imagery values across Tita-peninsula
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REPRESENTATIONS OF SUBMARINE TOPOGRAPHY IN
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J.C.A. Commission on Oceanic Cartography*+
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Abstract

The representations of submarine topography were studied and summarized, as a first
paper of intended series of “Studies on the representations in oceanic cartography”. The maps
concerning submarine topography and geomorphology are classified as follows; sounding chart,
contoured bathymetric chart, data reliability chart, topographic profile, geomorphological chart,
submarine summit level map, shading contour chart, relief contour chart, block diagram and
others. Besides, the elements of representation such as scales, projections, colors' and symbols

were briefly discussed.

1. Introduction

On the occasion of the Seventh International Conference on Cartography at
Madrid in 1974, the meeting of Working Group on Oceanic Cartography was held
under the chairmanship of Mr. A. J. Kerr. Discussions were made on the desira-
bility of preparation of a reference book or series of reference papers describing the
cartographic technique used for charting different oceanographic parameters.

Although any guideline for preparation of the reference papers or for defini-
tion of kinds of the parameters is not decided yet, T. Sato, one of the authors, has
organized the Commission on Oceanic Cartography in Japan Cartographers Association
(J.C.A)) to discuss this problem. The members of the Commission have agreed to
the proposal to make a research on various representation methods of submarine
topography mainly employed in Japanese marine charts. The present paper is a
summary of the report written in Japanese with the same title and published in a
recent issue of the Journal of the Japan Cartographers Association. This is also to
serve as the first paper of the intended reference paper series.

If there were a definite classification of oceanic cartography, it would be very
convenient for classifying oceanographic parameters. The preliminary classification
of ocanic cartography conceivable is as follows:

Sea bottom

Sea water

Marine organisms
Marine meteorclogy

Natural geography

* Version in Japanese has been published in Map (Journal of the Japan Cartographers Assosia-
tion) 13 (1975), 30~41

** 0. ATOBE, H. CHUJO, M. HORIKOSHI, M. HOSOI, K. IGARASHI, K. IMAI, B. IMAYOSHI,
A. IRAHARA, K. IRIE, K. ISHII (Secretary), F. ITO, K. KANAZAWA, M. KOGA, A.
NISHIDA, T. OYAMADA, T. SATO (Chairman), 1. TAJIMA, S. YOSHIDA, and K. YUBATA
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History
Industry
Transportation
Others

Each item in the right hand column is divisible further into small items.

Human geography

For example, the item of sea bottom may be divided into topography, geology,
geophysics, etc.

There were two ideas how to prepare the reference paper; the first was the
method adopted in the present paper, while the second was as follows: Thére are
three major groups in the field of oceanic cartography, i.e. map, atlas and scientific
article, which are different one another in purpose and restriction for representation
in connection with the scale, color, etc. Therefore, researches should be made as
to each group.

However, the first method was preferred for adoption because all of oceano-
graphic parameters or techniques of representation are not always included in each
group. ’

This paper was prepared primarily according to the parameters, supplemented
by additional discussions on the scales, projections, colors, symbols, abbreviations etc.

2. Representation of submarine topography
(1) Plotting sheet (or sounding chart)

The most basic data in submarine topography is the plotting sheet including
numerous soundings, which is ordinarily provided with scales, borders, graticules and
coast lines, The soundings adopted are usually corrected for the elements such as
the sound velocity in sea water, etc., but sometimes there are some plotting sheets on
which uncorrected soundings are shown. Basic representation of a plotting sheet
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Figure 1 Example of plotting sheet,(a part of Figure 2 Contoured bathymetric with chart soun-

1/1 mil. GEBCO Plotting sheet J.H.D. No. G ding figures at the deepest and shallowest points,

1305) ) and with arrow symbol indicating depression (a
part of JJH.D. No. 6302)
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should consist of the corrected soundings and isobaths (Fig. 1).

Some plotting sheéts include the soundings of the same accuracy obtained
by a survey or surveys with the same level of accuracy, but some others include
soundings of different level of accuracy. Especially in the latter case, an index chart
showing the data reliability is necessary.

In the conventional method, soundings on plotting sheets were taken at fixed
time intervals. However, Japanese Hydrographic Department (J.H.D.) has recently

adopted a new method where geomorphologically important soundings are used instead
of those at fixed time intervals. Namely, the soundings to be adopted on the echo-
gram are those which indicate the transition point of slope, the shallowest and deepest
portion of bottom relieves as well as the point where a certain depth contour should
pass when all correction. values are taken into account (for example, adopt the point
of 1,021 meters sounding, which will become 1, 000 meters with correction value of
—21 meters, thus the 1,000 meter depth contour is to pass through this point).

Sounding charts or plotting sheets are the data sheets and usually not publi-
shed.

(2) Contoured bathymetric chart

In the bathymetric chart represented by isobaths, various kinds of methods
are used for easier and clearer representation of relieves.

The sounding figures shown in contoured bathymetric chart should be limited
to topographically significant ones. The 1/10 mil. GEBCO sheets of 4th edition were
criticized on its numerous meaningless soundings adopted (Laughton et al. 1971).
Usually, sounding figures are to be shown at the deepest and shallowest points in
closed isolated isobaths (Fig. 2).

The method to indicate the depression in a closed isobath is to use an arrow
(Fig. 3a) or a symbol as Fig. 3c. Besides, down slope symbol shown in Fig. 3b is
used for indication of trough or valley (Natural Resource Chart, Canada).

Figure 3 Several kinds of contour symbol (a;
depression arrow, b; down slope symbol, c; de-
pression hatchures)

N

Figure.4 Omission of contours on steep slope
(a part of 1/200, 000 bathymetric chart, J.H.D. No.
6327)
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The interval of isobaths is usually not fixed but flexible on a bathymetric
chart. Namely, intervening contours are shown in flat bottom areas at a lighter
line weight than basic contours and the basic contours are sometimes omitted in
steep slope bottom areas (Fig. 4). This custom of irregularity in isobath intervals on
a bathymetric chart is very unfamiliar to geographers of land topography. There
are indeed a number of bathymetric charts on larger scales with fixed interval of
isobaths (J.H.D. No. 64108, No. 6420* and G.S.I. L.C. Map 1/25,000). However, it
is difficult to draw isobaths at fixed intervals on the bathymetric charts on smaller
scales. The irregularity of isobath intervals may be attributed not only to the scale
or basic interval of isobaths, but also related to the character of submarine topography
itself. Table 1 shows the standard intervals of isobaths with respect to scales on
existing bathymetric charts other than those used in scientifi articles.

Table 1 Intervals of isobath with respect to scales appeared in existing
bathymetric charts in Japan

scale fairly flat bottom steep slope
1/10, 000 0.5—1m 1—10m
1/50, 000 5— 10 50
1/200, 000 10 — 20 100
1/500, 000 20 ' 200
1/1, 000, 000 50 — 100 500
1/10, 000, 000 500 1000

The isobaths shown on nautical charts have ‘quite different character from
those on bathymetric charts, because the former is defined as that “depth contours
shall be drawn on charts in such a way that no sounding figure having exactly the
same value as the contour line will appear on the deep-water side of the depth

contour”. The isobaths on nautical charts are not necessarily to be the topographic
lines.
Concerning the interval of intervening isobaths, various intervals such as
(Im, 2m, 2.5m, bm, -+ ) x 10™ are used, but desirable intervals should be 1m, 10m,
and 100m for the convenience of reducing larger scale chart to smaller scale one,
The isobath is usually drawn in a firm line, but there are isobaths of broken
lines which are sometimes used as the intervening isobath or the deducing isobath
in the area of scarce sounding.
(i) Layer-colored bathymetric chart
Layered colors on a bathymetric chart are based on blue shades. There are
two different kinds of purposes in this representation; the first is using regular
coloring intervals to compensate effectively the irregularity of isobath intervals, and
the second aims to clarify topographic features by the appropriate interval of layered
colors.
(ii) Symbolized bathymetric chart
As the use of colors is restricted, the contoured bathymetric charts in scien-
tific articles are sometimes shown by various kinds of symbols (Fig. 5). These are
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similar to layer-colored bathymetric chart of the second type representing topographic
features.
(3) Data reliability chart

Soundings in old days were made by lead sounding and astronomical position-
ing, so that the results were shown in the form of spot soundings. Even in results
of the latest surveys, echo sounding represents at most topographic profiles along
tracks. The bathymetric chart is a representation of areal topographic features so
that it must be drawn with the help of interpretation. Hence, a data reliability
chart showing the quality, quantity and distribution of soundings is indispensable to
the bathymetric chart. Furthermore, the data reliability chart is useful for replacing
old soundings by new data as well as for finding out any necessity of survey in the
area where data are scarce.

There are several kinds of representations for the data reliability chart, A
sounding density chart shows the number of soundings for each unit area (Fig. 6).
This is usually prepared as a small index chart. Track lines are also shown as an
index chart or directly drawn on the bathymetric chart. Laughton et al. (1971)
proposed a new method to show the area of detailed survey or the existence of precise
bathymetric chart on larger scale. This is not adopted in Japanese bathymetric chart,
but the areal representation of precise sounding has been adopted on nautical charts
of J.H.D. :

The source overlay of 1/1 mil. GEBCO plotting sheet prepared by J.H.D.
includes track lines, names of surveying ships, date of survey, symbols for position-
ing methods, etc. (Fig. 7). Although it seems necessary, concerning this problem,

[ omn~s00m S -~ A0,
L1500 ~2000 | e N - E . 1300 140" 150" 160" 170"
ke % T i T T SIS

o ~z00 FEETE 401~750
201400 1 751-2000 -
BANGEEBEROAENER (158

Figure 6 Sounding density chart
(a part of J.H.D. No. 6303)

18
|

0* 130° MO

Figure 5 Symbolized bathymetric chart
(Kawakami 1971)
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to clarify the ranks of oceanic sounding accuracy at present, there is no international
agreement on the accuracy standardization of oceanic soundings.
(4) Topographic profiles
Topographic profiles are the basic data for submarine topography as well as
plotting sheet itself. Whether the profile is a map or not is a little questionable, but
we considered that cartographic representation should include graphic representation,
The most ordinary procedure to make a profile is plotting depths along track
lines based on the sounding sheet. As the track line is usually not straight, a straight
line is assumed along the track line. As is well known, emitted sound beam from
transducer is not a line but a sound cone, echogram record does not always reveal
real bottom profile, so that it is required to correct the slope effect. However, it is
so difficult problem that sometimes tracing echogram records is prepared (Fig. 8).
On the occasion of systematic survey, track lines are parallel in many cases,
and the profiles were lined up for giving three-dimensional images (Fig. 9a & 9b).
Fig. 15 is an example of this method. In the profiles on a small scale showing large
topographic features, the lower part beneath the sea bottom is sometimes expressed
in black color (Fig. 10). ‘
Concerning the vertical exaggeration of a profile, existing profiles were studied,
the results of which is shown in Table 2. Generally, the exaggeration rate is larger
in expressing small relieves and smaller in larger relieves. The vertical exaggeration
of submarine topography is rather larger than that of land topography. It may be
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related to the character of submarine topography; there is no erosional process on the
sea bottom and initial relieves originated from téctonic movement are reserved for a

Table 2 Vertical exaggeration of profiles with respect to tOpOglaphy
in existing submarine topographic profiles

morphological division exaggeration
major minor
sand wave 25 — 50, 200
continental caldron 10 — 20
shelf ' bank 10 — 40
continental shelf 20 —160
continental submarine canyon about 10
slope continental slope 5— 10
seamount about 5
oceanic ridge 10 — 20
ocean floor trench 10 — 20
marginal sea 10 — 20
oceanic basin 10 — 20

long duration. The structural topography is of large extension compared with the
relief. If submarine topographic profiles were made in no vertical exaggeration, many
features could not be recognized. Of course, it must be careful not to confuse the
exaggerated profile as a real relief.
(5) Geomorphological chart
Although contoured bathymetric chart is an expression of topographical inter-
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Figure 11 Geomorphological chart with geographical names (Sato 1974)



REPRESENTATIONS OF SUBMARINE TOPOGRAPHY 145

pretation, it has a descriptive character of sounding data. Geomorphological chart
shows the classification of submarine topography based on the interpretation of con-
toured bathymetric chart (Fig. 11). For example, there may be several kinds of
interpretation when a compiler establish a seamount chain for a group of isolated
seamounts. Namely, a geomorphological chart is essentially based on the interpre-
tation. Although there is no rule or custom to symbolize the classification of topo-
graphical features, geographical names are usually described on it.
(6) Three-dimensional exressions

For measuring gradient of slope or quantitative processing of relieves, the
contoured bathymetric chart is very convenient for the specialists familiar to subma-
rine topography, but it is difficult for other people so that many kinds of three-
dimensional expressions have been invented also for the representation of minor
relieves,

The shading method giving three-dimensional image by hatchures, dots or
colors are often effectively employed on topographic maps on land, but these are not
used on the bathymetric chart which has monotonous relieves and wide spacing of
isobaths. If the intervals of isobaths would be closer, shading method would become
more effective. In scientific articles, a large scale contoured bathymetric chart
reduced to the limited size of a journal often gives unexpectedly good image of
three-dimensional effect.

(i) Hatchured contour

Submarine topography is viewed obliquely and isobaths are shifted slightly
towards the viewing direction according to their depths and shaded by hatchures
(Fig. 12). This method is fairly effective in black color expression. Similar method
was used in “Relief diagram of the continental margin” prepared by Canadian Hydro-
graphic Service.
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Figure 12 Example of hatchured-contour expression (Taguchi et al. 1973)
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(ii) .Shading
Shading is a popular representation in topography on land, but there is scarce
example of shading method in submarine topography. “Submarine topography” sheet
in the National Atlas in Japan is an example of adopting this method. On this sheet,
layered colors and shading by blue tone are effectively used.
(iil) Relief contour method (Kitird Method)
The method is based on the principle of shading by oblique illumination.
The process of drawing may be explained with the aid of Fig. 13. The ground is first
tinted grey, the contours in the light are then drawn inv white, and those in the
shade in black. The breadth of the contours varies with the cosine of the angle ¢
between the horizontal direction of the incident ray and the normal to the contour
at the point under cosideration. The maximum breadth of the contour is at the
direction of light and minimum one is at the normal direction to light. The breadth
of contour may be theoretically decided in terms of the brightness of the ground and
of the contours, but actually the brightness was used to determined according to the
results of several trial printings after the maximum breadth was decided. ‘
The bathymetric chart prepared by J.H.D. is a good example adopting this
method (Fig, 14).
(iv) Parallel arrangement of profiles
Arranging profiles of constant intervals with a slight shifting position gives
a good illusion of relief. Although it has been rarely applied to submarine topography,
it seems very effective for moderate relieves (Fig. 15), but too many profiles are
ineffective.
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- Figure 14 Relief Contour Method or Kitird Method
Figure 13 Principle of Relief Contour (a part of J.H.D. No. 6901)
Metod
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(v) Physiographic diagram
This is a bird’s eye view of submarine topography, which is used by Heezen
et al. (1959) in the North Atlantic and Menard (1964) in the Northeastern Pacific.
These charts were prepared based on numerous soundings with minor relieves
expressed by hatchures, which could not be represented by a contoured bathymetric
chart. Namely, it uses a pictorial technique.

2t
hi
2}
8]

Figure 15 Parallel arrangement of profiles (Mogi 1963a)

The physiographic charts of the Pacific, Atlantic and Indian Oceans were
prepared by American Geographical Society. These are very famous for effective
use of colors and pictorial representations.

In Japan, Mogi (1973) has invented a simple and precise method to represent
submarine topography in black color for easier understanding as well as to minimize
cartographers individual difference. Contour lines in ordinary bathymetrié chart are
projected on a horizontal plane. In this method, on the other hand, they are projected
on an inclined plane. As an actual process, isobaths are shifted towards viewing
direction according to their depths. The contour lines on the front side slope are
shifted backward and those on the backside slope are shifted foreward. The amount
of shifting is related to the inclination of plotting plane and the height of relief.
Then strong shading or hatchuring is added on the crowded contours and weak one
on the sparse contour area (Fig. 16).

(vi) Block diagram

The method included in this category are panoramic representation, perspec-
tive expression for an idealized relief model, etc. which are convenient for easier
understanding of submarine topography (Fig. 17). Lately three-dimensional represen-
tations applied for land relieves have been researched by means of an automated
cartographic system, which may be applied to submarine topography in the near
future,
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Figure 17 Block diagram of sea bottom (Mogi 1963b)
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Figure 19 - Paleobathymetric chart Figure 20 Mosaic side-scanning chart
(Kobayashi et al, 1971) (umpublished data of Japanese Hydro-
graphic Association)
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(7) Others
(i) Mesh map
Summit level map and iso-relief map are usually applied for the analysis of
land topography. These have been used for submarine topography; the former was
applied by Tayama (1950) and the latter by Hoshino and Iwabuchi (1966). In these
methods, a standard square mesh is assumed in which the shallowest depth in the
former case and the difference between the shallowest and deepest depths in the latter
case are measued, and the isopleth map is drawn according to the results.
(ii) Changing of submarine topography
Generally, the changing in depths is small in the sea, but there are many
kinds of charts showing the changing of the sea bottom in shallow water as follows;
coastal erosion, seasonal change of bar and trough, sea bottom and coastal change
by typhoon, hightide and tsunami, migration of submarine sand waves, migration of
sand bank in long duration, etc. Besides, the depth changes by earthquakes or-
submarine slides are researched in shallow and deep sea bottom. These charts are
considered to be four dimensional cartographic representation. Fig. 18 is an example
of depth change in long duration,
(iii) Paleo-bathymetric chart
Menard (1964) has restored the bathymetric chart before 100 m.y. in the
Central Pacific Regioh according to the depths of guyots. Fig. 19 show paleo-
bathymetry in the Western Pacific according to same procedure to the Menard’s but
using more detailed soundings, which did not reveal the Darwin Rise. Lately many
charts showing .the distribution of land and sea, or oceanic rises in old days have
been prepared based on the global tectonics theory.
(iv) Mosaic side-scanning chart
Side-scanning or side-looking survey has been improved in the following
points; variable paper speed accordant with ship’s speed and variable sweep speed
accordant with the height of transducer above sea bottom. These improvements make
it possible to get an echogram with constant exaggeration to the distance covered and
the range of record so that quantitative distribution of relieves-can be shown by the
mosaic of echograms., This is a new kind of ‘bathymetric chart which is similar to
the orthophoto map in aerophotographical survey (Fig. 20).

3. Elements of representation
Hitherto, the kinds of chart are discussed according to the purpose or theme
of map. But it is necessary to examine such common elements of representation as
scale, projection, color, symbol, abbreviation, etc.
(1) Scale
As for published bathymetric charts, excluding those accompanying articles
or atlas, the relationship between the scale and the coverage is studied and the result
"is shown in Table 3. '
(ii) Projection
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The bathymetric chart covering global extent in a single sheet is used to be
prepared in Mercator (U.S. DMAHC) or Winkel (Germany Atlas) projections. Serial
charts covering global extent are generally prepared in Mercator and Polar Stereo-
graphic (GEBCO), Lambert Conformal Conic (the World Map), Oblique Secant
Cylindrical (Germany Atlas) projections, etc.

Table 3 Scales of bathymetric chart with respect to coverage

coverage scale
world less than 1/39, 000, 000
three oceans 1/36, 000, 0600—1/25, 000, 000
part of ocean 1/12, 000, 000—1/6, 000, 000
fundamental sheet in ocean 1/2, 500, 000—1/1, 000, 000
continental margin 1/500, 000—1/4, 000, 000
continental shelf 1/250, 000—1/200, 000
coastal sea ‘ ) 1/125, 000~1/50, 0600

The bathymetric charts for an ocean or a part of ocean are usually prepared
in Mercator projection, but some of them are in Equal Area (USSR, Pacific), Normal
Polyconic (J.H.D. No. 6901), Oblique Conformal Secant Conic (National Atlas, Japan)
projections, etc.

For the series charts in continental margin, Transverse Mercator (U.S.,
Canada, Australia), Conformal Conic (Japan), Mercator (New Zealand) are in use.
For coastal bathymetric chart, other projections than Mercator are usually in use,
i.e. Conformal Conic (J.H.D.) and UTM (G.S.I. Japan) projections.

» As bathymetric chart, the projections other than Mercator are generally
favorable for less distortions of length or area. They are less in distortion of topo-
graphy. However, Mercator projection has the merit for jointing of adjacent sheets.

(iii) Color .

Almost all of bathymetric charts are printed in colors, but one color sheet
is also necessary as the fundamental sheet. Layer coloring in blue tone is dominant
in colored charts. The Relief Contour Method is the peculiar technique as for the
use of blue color.

(iv) Symbols

There are not so many symbolizations of submarine topography in bathymetric
chart, but examples . shown in Fig. 21 are used other than the representations of
isobaths before mentioned. Furthermore, symbols in nautical charts such as wreck
or tidal elevation are often adopted in bathymetric charts.

Sand wave /7/‘/ Cliff ,(((((( Artificial bottom “\ .-=~

e
Fishery bank Ia Coral \ﬂ\ﬂ\) .

Figure 21 Several kinds of submarine topographic éymbols
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(v) Abbreviations
The abbreviations of submarine topography-are very rare, but it seems that
more and more abbreviations will be in use in the future. These in Table 4 have
been adopted in nautical charts and used in bathymetric charts. Then, the inter-
national standardization of symbols and abbreviations in bathymetric and other
oceanographic charts may be very important problem at present.

Table 4 Abbreviations adopfed in nautical and bathymetric charts

SMt Seamont Rf Reef Le Ledge
Bk Bank Sh Shoal
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- SUBMARINE TOPOGRAPHIC CHARTS CITED
GEBCO (General Bathymetric Chart of the Oceans), IL.H.B. 1/10 mil. Mercator.
GEBCO Plotting sheet§, J.H.D. 1/1 mil. Mercator.
The World, U.S. DMAHC 1/1.2 mil. Mercator.
World Map, East European Nations, 1/2.5 mil. Equal-area Conic.
Atlas zur Ozeanographie, Dietrich & Ulrich (1968) 1/25 mil., 1/8 mil. & 1/5 mil. Various pro-
jections. ‘
Pacific, Oceanology Inst. U.S.S.R. 1/10 mil. Equal-area.
Pacific Ocean Floor, U.S. Geogr. Soc. 1/36.43 mil. Mercator.
Bathymetry of North Pacific, U.S. DMAHC 1/6.5 mil. Mercator.
New Zealand Coastal Chart Series, Oceanogr. Inst. New Zealand, 1/200,000 Mercator.
CONSHELF Series, U.S. NOS, 1/250, 000, TM.
Natural Resource Chart, Canadian Hydrographic Service, 1/250, 000, TM.
Australian Shelf Series, National Mapping Div. Australia, 1/250,000, TM.

JAPANESE BATHYMETRIC CHARTS CITED

J.H.D. No. 6901, Bathymetric chart of the adjacent seas of Japan (Relief Contour Method).

1/8 mil. Normal Polyconic.
J.H.D. Nos. 6301-6304, Bathymetric charts of the adjacent seas of Japan. 1/3 mil. Mercator.
J.H.D. G1305, GEBCO Plotting chart, 1/1 mil. Mercator.
J.H.D. No. 6327, Basic map of the sea (continental shelf series),1/200, 000, Conformal Conic.
J.H.D. Nos. 64108, 6420!, Basic map of the sea (Coastal series), 1/20,000, Conformal Conic.
J.H.D. No. 6440, Basic map of the sea (Coastal series), 1/10,000 Conformal conic.
J.H.D. Bathymetric chart (Oga Peninsula to Noto Peninsula), 1/500, 000, Conformal Conic.
G.S.1. National Atlas (Submarine topography), 1/8 mil. oblique Conformal Secant Conic.
G.S.1. Land Conditional Map of Coastal Area, 1/25,000, UTM.
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REPRESENTATIONS OF SUBMARINE GEOLOGY AND
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Abstract

The authors classified the maps on the sea bottom into three categories; submarine
topography, geology and geophysics. In the present paper, the representations of geology and
geophysics were studied and summerized as a second paper of intended  reference paper series.
The maps concerning submarine geology and geophysics are classified as follows.

Geology : sediments - (sample station map, bottom sediment chart, mechanical analysis
map, chemical analysis map, photograph and others)
geology (subbottom profile, isopack map, geological structure chart, sub-
marine geological map and others)
sea bottom mineral resources
Geophysics: geomagnetism (total magnetic intensity chart, magnetic anomaly chart and others)
gravity anomaly (gravity anomaly chart and others)
crustal heat flow
seismology
submarine volcanoes
At first, characteristic representations of each item were discussed respectively and

additional discussions on scales, projections, colors, symbols, abbreviations etc. were considered.

1. Introduction

As a part of intended reference paper series by I.C.A. Working Group on
Oceanic Cartography, the J.C.A. Commission on Oceanic Cartography made a report
by submitting the first paper on submarine topography in 1975 (MS). The present
paper is the second one which summarizes and discusses cartographic representations
of submarine geology and geophysics mainly used in Japan, concerning such para-
meters as sediments, geology, mineral resources, geomagnetism, gravity, crustal heat
flow, seismicity, volcanoes, etc. It is supplemented by additional discussions on
scales, projections, colors, symbols and abbreviations.

2. Sediments

Sea bottom sediments have been surveyed for navigational purpose, i.e.

* Version in Japanese has been published in Map (Journal of the Japan Cartographers Associa-
tion) 14, No. 3, (1976), 15~20; 14, No. 4, (1976), 17~25

** 0, ATOBE, H. CHUJO, A. HARADA, M. HORIKOSHI, S. HOSOI, K. IGARASHI, K. IMA],
B. IMAYOSHI, A, IRAHARA, K. IRIE, K. ISHII, F. ITO, K. KANAZAWA, M. KOGA, A.
NISHIDA, K. NISHIZAWA, Y. OYAMADA, T. SATO (Chairman), I. TAJIMA, K. YASHIMA
(Secretary), S. YOSHIDA, and K. YUBATA
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indication of bottom characters on nautical charts.

includes both rocky basement and bottom sediments,
tification of bottom character has been qualitatively done by naked eyes.

J.C.A. COMMISSION ON OCEANIC CARTOGRAPHY

The meaning of bottom character
In hydrographic survey, iden-
However,

in scientific investigations, it is quantitatively determined according to the results of

mechanical analysis and composition of sediments.

(1) Qualitative identification and sample station map

In former days, sounding was usually done by lead sounding so that abbre-

viations of bottom characters are different in various countries (Table 1) and they

have been changed by age (Sato 1960).

Table 1 Examples of abbreviation of bottom character in Japan

sand
mud
ooze
clay
granule
gravel
shingle
pebble
rock

S
M
Oz

Cy

Gr
G
Sn
P

R .

calcareous
quartz
coral
volcanic
lava
pumice
tuff

scoria
mangan

ca
Qz
Co
v
Lv
Pm
T
Sc
Mn

shell

oyster
sponge

sea weed
foraminifera
globigerina
fine

soft

white

Sh
Oy
Sp
Wwd
Fr
Gl
f

80

. W

In today’s sounding, the opportunities to obtain information on bottom chara-

cters have become very rare because sounding method has been changed from lead

to echo sounding. Nevertheless, bottom sampling is nescessary for anchorages and

station maps of bottom sampling are prepared by using such a style as shown in

Fig, 1.

For the purpose of geological or sedimentological researches, sampling stations

are sometimes shown on bathymetric charts (Fig. 2).

G.Sh

N

Figure 1
Representation
form of bottom

sampling

station

Figure 2
Bottom sampling
station map shown
on bathymetric chart
(Hoshino 1958)

Some detailed station maps -

Figure 3 Dredge station map showing dredged distance
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of dredge show lines of dredge by means of arrows from the position of bottom
contact to that of hoisting dredge haul (Fig. 3).
(2) Bottom sediment chart
Bottom sediment chart (BS chart) is usually represented according to the
results - of qualitative identification of bottom character in the following styles:
(1) map showing sampling stations with symbols of bottom characters, (b) areal
representation with or without definite boundaries of distributions where bottom

Example of symbol and color representation
of bottom character

Table 2
Basic map Basic map
£ JeGoS.Te of J.H.D. J.H.D.
theosea /25,000 the sea Nos. Nos.
{Coastal (Coastal 7002-7006 7051-7053
series) series)
VVVVVYV
Rock Vv\/v\/v\/v\/vv Pinic Brown Brown
OO0OO0O000O|OCOOO0OO0
O0000Qg OOOOOY Red
Gravel 00000000000 Purple hatch
00QO0Q 000 0Q0
Sand 0990909900000, Red hatch
0©0000Q 000000 Yellow
& 000000|000000, on ; Orange
Gravel 000000000600
Coarse Red dots
Sand on Yellow
Sand Yellow Yellow
Yell
Fine Yellow eLiow
Sand hatch
T T
Sand : Green hatch Yellow
M i Il on Yellow Green
L -
siitt T T T
Light Light
Mud Blue Blue Blue
ﬁlge Green
u
Red Red
Clay
~ I8 ~ ~
Shell ) ala ala ala
< S —%
Sea Weed T S =
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characters are shown by symbols or colors (Fig. 4 & Tables 2).

The boundaries of bottom sediment distributions are always drawn according
to interpolation or interpretation. Therefore, these boundary lines should be decided
considering submarine topography, the distributions of vertical and horizontal relation-
ship among sediments and between base rock and sediments. BS chart is sometimes
drawn on a bathymetric chart. '

The map of soft mud showing the thickness of soft mud layer floating above
the sea bottom in isopack style, is a special type of BS chart.

(38) Results of mechanical analysis

The fundamental method of quantitative classification of sediments is based
on grain size analysis, the purpose of which is clarification of grain size distribution.
The results are shown by frequency curves or cumulative curves showing the rela-
tionship between grain size and distribution frequency.

In this case, grain size is usually shown by a scale which is a logarithmic
scale of grain diameter. Namely,

1
d_‘iﬁ_
¢p=log,d

where d is diameter of sediment grain in millimeter. Classification of gravel, sand
and mud is shown in Table 3.

HIHIE:X;
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Figure 4 Bottom sediments chart shown by symbols (Japanese H.D. 1968)
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Frequency curve is usually changed into cumulative curve and the shape of
curve is quantitatively processed by the quartile-measure or ¢-measure,

Areal distribution of sediments is usually represented by isopleths using
median diameter, or coefficients of sorting, skewness or Kurtosis (Fig. 5).

In other cases, types of sediments are classified according to the combination
of those coefficients. Fig. 6 is an example of the representation after sediment types.

When the number of sampling is scarce, the result is shown by histogram or

Table 3 Division of sediments and scale

boulder

cobble

gravel
pebble

|

granule

coarse sand

medium sand sand

fine sand

silt

mud

¢
—10
9
8
7
6
5
4
3
2
1
0
1
2
3
4
5
6
7
8
9

+10

clay

Figure 5 Isopleth map of median diameter (Japanese H.D. 1968)
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BKM

) 9
BOTTOM SEDIMENT TYPES Rifei®

Figure 6 Bottom sediments chart shown by sediment types (Kamata et al 1973)

piegraph at sampling stations. On the other hand, isopleth or areal representation
is used when sampling stations are many in number.
(4) Results of mineral composition analysis

The classification of bottom of sediments is based on grain size distribution in
reference to such compositions as mineral, chemical or microfossil compositions, etc.
The mineral composition analysis being made are ordinarily heavy or light mineral
analysis for sand size grains and clay mineral analysis for clay size fraction, the
results of which are shown by histogram or piegraph at sampling stations and rarely
shown by isopleth (Fig. 7).

(6) Chemical analysis

The representations of chimical analysis results are also histogram and
plegraph at sampling stations. As examples of inorganic chemical analysis, those
of trace elements such as Mn, Co, Ni, Cr, etc. and radioactive elements such as U,
and CaCo, contents are known.

/ Organic chemical analyses have been carried out from the view point of
petroleum origin, sedimentary environment or pollution. Researches on the last item
have been lately increased and following analyses are known A-Hg, PCB, ignission loss,
COD, total sulfide, etc. The representations are usually shown by histogram or
piegraph which are sometimes on bathymetric chart, but rarely shown by isopleth
in nearshore area where there are a number of sampling stations (Fig. 8).

(6) Photograph '

Although it is somewhat questionable whether photograph is a map or not,
it gives us important information on the sea bottom condition. Namely, an aerophoto-
graph taken over a shallow sea area makes it possible to delineate the rough outline
of sunken reefs. An underwater photograph covers a very small area but it is useful
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Figure 7 Mineral composition map shown by histogram (Oinuma & Kobayashi 1966)
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to make researches on sedimentary environment or to estimate the distribution of
manganese nodules as mineral resources.
(7) Results of coring or drilling

Coring or drilling gives us good evidence for vertical variation of sediments
such as lithology, microfossils (foraminifera, diatom, radioralia, nannoplankton,
etc.), ratio of oxygen isotope, paleo-magnetism, etc. The age determination of
cored sample layers are carried out by radiometric analysis, but all samples are
not necessarily analysed by this method. The age determination are practically
done by the identification of microfossils and paleo-magnetism.

The representation of vertical variation of cored samples is shown by colum-
ner section or profile compiled from columner sections, DSDP (Deep Sea Drilling
Project) has taken many drilling cores from deep sea floor more than several thousand
meters depth all over the world. The profiles compiled from these drilling results

_reveal horizontal variation of lithofacies across climatic zones (Fig. 9). The drilling
‘results are also valuable evidences indicating age of sea floor generation in situ,
and the map representing ages of ocean floor are also prepared (Fisher et al 1970).
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Figure 9 Horizontal variation of lithofacies on the profiles based on DSDP
results (Okada & Kobayashi 1974)

3. Geology
Although submarine geological survey had long been carried out by sounding
and dredge, continuous seismic profiling (CSP) survey changed its charactor. Namely,
CSP records give us three dimensional structures beneath the sea bottom, which
makes it possible to prepare submarine geological map.
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Figure 10 Photograph of continuous seismiV(V:V rproﬁVl’ir;é’ recdrd iSato 1972)

141 14V

Figure 11 Interpreted subbottom profile (Sato 1972)

(1) Profile

Geological profiles beneath the sea bottom are shown by photograph of
original CSP records, or interpreted profiles drawn by‘hand (Fig. 10 &11). Vertical
exaggeration of the former profile is about thirty times to horizontal distance. On the
other hand, in the latter profile the exaggeration is less than that of the former.

(2) Isopack map and baselﬁent contour map

The basement configuration beneath Alluvium on land had been represented
as a contour map by using boring data. CSP survey easily distinguishes the basal
boundary of alluvial soft sediments in shallow sea bottom, accordingly basement
relieves are also used to be shown by contour lines, These maps are very useful for
undersea engineering.

In the case of deep sea CSP survey, isopack maps are used for the sake of
petroleum exploration and basement contour maps for the research of geological
structure. Both representations have the same meaning. They can be converted
each other by the intervention of a bathymetric chart,

(3) Geological structure

Geological structure is the deformation or dislocation of surface rocks by
the force originated from the earth’s interior. The large structure includes even
orogenic zone, geosyncline, etc. On the other hand, the small structure includes
folding, fault and so on. Accordingly, the maps of geological structure are variable
according to their purposes.

As a submarine geological structure map for large structure, the geomor-
phological map of the Pacific Ocean published by the USSR is a very good example;
it shows anticline and syncline zones in orogenic zones or each geological age,
seaward continuations of orogenic zones, oceanic plates, island arc rises, block rises,
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Figure 13 Submarine geological structure map (Japanese H.D. No. 1672%)
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mid-oceanic ridges, fracture zones, marginal swells, distribution of igneous rocks,
trenches and various information including ages of sea bottom rocks, symmetrical
axis of geomagnetic lineations, results of refraction survey, sea floor ages from
DSDP, etc.

Fig. 12 is another example showing large geological structures in a black
color,

As a submarine geological structure map for small structure, there is the
Basic Map of the Sea of J.H.D. which represents the distribution of folding axes and
faults on the contour map of acoustical basement relieves (Fig. 13).
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Figure 14 Various symbols in submarine geological maps
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Figure 15 Distribution of sedimentary basins around Japan (Sato 1969)
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(4) Submarine geological map .

There are some difficulties in defining the difference between a geological
fnap and a geological structure map. However, the authors consider that the former
usually includes the latter. The geological map represents the distributions of exposed
sedimentary, igneous and metamorphosed rocks, and geological structures. It should
be drawn to that geological history can be read.

A submarine geological map is prepared from acoustical profiles and shows
distribution of sediment layers, basement rocks and geological structures. In parti-
cular, the most important character is the repiesentation of geological history. Fig.
14 shows various symbols ordinarily used on submarine geological maps.

4. Sea bottom mineral resources

Maps showing submarine resources related to the sea bottom are divisible

into two categories; one is for the mineral resources in sediments and another is for

those in layers. For the latter case, although oil and gas are under exploration or

exploitation, no detailed maps have been published except those smaller scale ones

showing the distribution of sedimentary basins (Fig. 15), because detailed data are
kept secret by exploiting companies,

As for the former, resources to be shown are placer iron, placer cassiterite,
diamond, quartzose sand and manganese nodule. No detailed maps are known to be
prepared for those resources except the last one, although there are some maps on
smaller scales only showing the distribution of production of those resources by using
various symbols,

Manganese nodules are expected to be an important mineral resource in the
near future and the following maps are prepared; maps showing distribution of
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Figure 16 Total intensity map of geomagnetism (Japanese H.D., No. 6381M)
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nodules, each content of chemical components, and trace components such as Ni, Co,
Cr, Cu, etc.

5. Geomagnetism
For the purpose of navigation, geomagnetism at sea has been represehted on
nautical or miscellaneous charts. Geomagnetism is a kind of vector and it can be
shown by declination, inclination and horizontal component, each of which is repre-
sented by isopleth. Geomagnetism is gradually changing and its annual change is
also shown by isopleth.
(1) Total intensity chart
Three elements of geomagnetism above-mentioned are measured by a magneto-
meter of flux-gate type at sea. However, the advent of a proton magnetometer has
made it easy to measure total intensity of geomagnetism on moving vessels or air-
craft. Measured data are corrected for annual variation and are converted to the
value on a specific date, usually 1st January. The isopleths are drawn for the
corrected data (Fig. 16).
(2) Magnetic anomaly chart
The total intensity of geomagnetism is gradually changing and the correction
of annual variation is necessary for the comparison of surveys carried out in different
years. For this reason, representation of magnetic intensity as not total intensity
but anomaly with respect to some reference field is desirable. For the purpose of

135° 130° 125°

T

yor

135° 125°
Figure 17 Liniation of geomagnetic anomalies (Mason & Raff 1961)
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Figure 18 Map of geomagnetic anomalies shown by symbol (Kobayashi 1972)

studying geological structures, the anomaly chart is more convenient. _

Total intensity measured is a compound force including regional anomaly of
magnetic field and local anomaly caused by geological structures. The former is so
regional that it is assumed as a flat plain in the order of in length 10°m. To deter-
mine this plain, measured data at the mesh of several square kilometers are processed
by the least squares method. However, the average magnetic field obtained by this
method cannot be applied in other areas. Therefore, the comparison of anomalies
between two distant areas is difficult.

The best reference field may be IGRF (International Geomagnetic Reference
Field) which was adopted in 1968 based on global data then available. This gives
the standard for the distribution of total intensity and its secular variation.

As the representation of magnetic anomalies, following examples are known;
profiles along track lines, isopleth and symbolizing or coloring (Fig. 17). If either
of plus or minus area of anomalies is blackened, stripe pattern of anomalies clearly
appears along both sides of mid-oceanic ridges (Fig. 18).

6. Gravity anomaly

Measurement of gravity at sea had been done by a gravity pendulum in a
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Figure 19 Map of Free-air anomalies (Japanese H.D. No. 6381%)

submarine, and negative gravity anomalies along trenches were discovered, which
was described in many text books. A submarsible seagravimeter on the shallow sea
bottom has been developed for the exploration of oil field. It is controllable from a
vessel through a cable. The results of the measurement by using this seagravimeter
have not been published as they are kept secret by the oil companies concerned.

Recently, various types of sea surface gravitymeter have been in use and a
number of anomaly maps from large to small scales are published (Fig. 19).

To measure gravity value, the effect of height is corrected on land and the
difference between the corrected value and the standard gravity is defined as free-air
anomaly. On the other hand, a vessel is running at the sea- surface, so that free-air
correction is not necessary to the measured value. Namely, the difference between
the measured gravity and the standard gravity is free-air anomaly itself,

Bouguer’s correction on land is made for the effect of mass between the
measured station and the geoid surface. The Bouguer’s anomaly has two meanings;
(a) gravity anomaly on geoid surface where there is no mass above the surface, and
(b) parameter for mass distribution below the geoid surface. From the former view-
point, free-air anomaly at the sea surface has the same character as that of Bouguer’s
anomaly on land. There is an example representing both anomalies on one map.
However, from the latter viewpoint, it is desirable that gravity anomalies at the sea
surface should be the parameter for mass distribution below the sea bottom. The
Bouguer’s correction in sea gravity is calculated by substituting sea water depth for
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Figure 20 Free-air anomalies chart around Japan (Tomoda 1972b)

crustal materials with average density of 2. 67 gr/cm?®.

For both anomalies at sea, the basic representation is isopleth with 10 to 20
mgal intervals together with the location of measured stations.

On smaller scale maps with random tracks, average value is calculated in
an appropriate mesh such as 107 x 10 , from which an isopleth map is drawn.

The accuracy of sea gravity measurement ranges about 10 mgal. If data are
processed within this accuracy, the relief of graviy anomalies will become so a gentle
surface that automatic contouring may be possible.

Besides the isopleth, a gravity anomaly map is represented by layered coloring
or symbols (Fig, 20). Special representation was developed by Tomoda (1972a) in
which the strength of layered colors is proportional to the reflective indices of light,
and it is possible to take a monocolor photograph or to make spectrum analysis on
this map. '
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7. Crustal heat flow

The crustal heat flow is the heat flow from the interior to the surface of the
earth through its crust. Direct effects of thermal phenomena on the earth’s surface
are volcanoes, hot springs and so on. Indirect effects of them are earthquakes or
tectonic movements. The physico-chemical phenomena in the earth’s interior are
controlled by thermal conditions and the energy caused from this physico-chemical
changing is converted to heat. Thus, the measurements of crustal heat flow on the
earth’s surface are very important to know the structure in the earth’s interior.

The heat flow measurement at the sea bottom started in 1948, which is the
measurement of thermal gradient in sea bottom sediments and heat’ conductivity of
the sediments. The crustal heat flow is obtained as the product of both values.
Thus, the measurement is done on board a vessel stationed. ,

The results of heat flow measurements are usually shown by different symbols
for various values at measured stations, over which isopleths are drawn (Fig. 21). For
regional representation, averages in appropriate squares are calculated and contoured
as is done in some gravity anomaly maps.

8. Seismology ‘

Earthquakes are mostly observed at stations on land but rarely on the sea
bottom. The seismological observations clarify the distribution, magnitude and cha-
racter of earthquakes, and these are available for the research on mechanism of
earthquakes. The results of observations are shown in such representations as the
distribution of epicenters and their depths, magnitude, frequency, area of after shocks,
time sequence of occurrence, direction of fault plane or displacement, etc.

(a) Distribution

The simple plotting of epicenters on a smaller scale map reveals earthquake
zones. Plotting them in different symbols according to their depths on a larger
scale map and contouring on it reveal three dimensional inclination of the seismic
plane beneath the island arc and trench system (Fig. 22). It is also represented on
vertical section perpendicular to the arc and trench for earthquake occurrences.

The accordance of submarine topography with epicenters is clearly shown
along the median rift and transversing fracture zones on the crest of mid oceanic
ridge.
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Figure 23 Profile of crustal structure in northern part of the Philippine Sea (Murauchi et al 1968)
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(b) After-shock distribution
The distribution of after-shock epicenters for an earthquake with large magni-
tude reveals a relation between the extent of after-shocks and magnitude. The large
earthquake off Nemuro was predicted according to the lack of after-shocks extending
along the continental margin of island arc.
(¢) Others
The distribution of initial motions is important to the analysis of earthquake
mechanism, Concerning the submarine earthquakes, focal mechanism maps have
been prepared on the basis of the nodal planes determined by the distribution of initial
motion (Stauder 1968).
(2) Seismic refraction survey
As for reflection survey, a description was already given in Chapter 3.
Refraction survey is carried out by using explosives or on the occasion of nuclear
explosion, and it clarifies deep structures of the crust or mantle of the earth. The
profiles of crust have been published last 10 year by Research Group of Explosion
Seismologists in Japan (Fig. 23). Lately, the states of crust and lithosphere to the
depth of several thousand kilometers-have been made clear by the observation covering
a long distance using high sensitive undersea seismographs. Moreover, the researches
on dispersion of surface waves from earthquakes have shown the thickness of crust

in and around Japanese Islands.

9. Submarine volcanoes

As for the representaion of volcanoes, the following factors are important;
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Figure 24 Distribution of seamounts and guyots (Menard 1959)
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the position, age or history, extent of activity, character of eruptives, etc. In this
chapter submarine volcanoes with present topographic features are included irrespective
of their being active or inactive.

The distribution maps of active volcanoes in the world indicate that volcanoes
are concentrated to island arcs. It has been revealed that the volcanoes are also
located along median rift zones on mid oceanic ridges and on mantle plumes. The
mode of volcanic activity in these deep sea volcanoces is assumed to be greatly
different from land volcanoes. Former volcanology was constructed only from land
volcanoes. The future volcanology should be considered from volcanoes over the world
including these submarine volcanoces. In this sense, distribution maps of submarine
volcanoes are interesting (Nakamura 1974).

Numerous seamounts on the ocean floor are probably extinct volcanoes because
rock dredged from them are invariably volcanic and their topographic features are
similar to volcanoes. Guyots are also truncated and submerged volcanoes. Seamounts
and guyots are distributed mostly in groups (Fig. 24).

The order of generation in seamount chains is rarely made known because
the age determinations of dredged rocks for radioactive elements are scarecely done.
Seamounts along the Emperor Seamounts and Hawaiian Ridge are rare examples in
which their ages were determined. The Seamounts become younger from north to
south or southeast, which is considered an evidence of mantle plume hypothesis and
lateral movement of the Pacific Plate (Jackson et al 1972).

The magnitude of volcanic activity is usually detected from eruptive materials.
Although volcanic activity in deep sea bottom may be much different from that on
land, the size of seamounts may represent the magnitude of activity., Fig. 25 shows
the similarity of form and also size of seamounts.

The extent of volcanic ash layer is also an indication of volcanic activity.
The tephra with vast distribution more than thousand kilometers in length on land is
assumed to continue to the ocean floor, but they have not been correlated each other
in spite of the existence of many ash layers in core samples from the ocean floor,
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Figure 25 Topographic profiles of land volcano, volcanic island and seamounts (Menard 1964)
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The characters of volcanoes are not so well known that no map represen-
tation is found. Submarine volcanic rocks are petrologically assumed to be slightly
different one another according to their geographic locations. For example, the vol-
canic rocks in mid oceanic ridge are called as abyssal tholeiite which is different
from basalts seamounts. But there are also differences of K,0 and Na,O contents
even in abyssal tholeiites according to places, which are considered to be related to
the spreading rate of mid oceanic ridges (Miyashiro 1976).

10. Considerations on each element of representation

Samples of representation of submarine geology and geophysics studied in
the present paper are mostly those illustrations appeared in scientific articles, while
separate sheets or atlas are very scarce. As separate sheet, there are Basic Map of
the Sea (J.H.D.), Natural Resource Chart (Canada), Conshelf Series (US NOS) and
Geomorphological Map of the Pacific (USSR), etc.

As for the atlas, Geological and Geophysical Atlas of Indian Ocean (USSR & I0OC)
is the only example. Considerations are given to these illustrations and maps con-
cerning each element of the representation.

(Scale) The scales of separate maps on submarine geology and sediments range
from 1/10,000 to 1/50, 000 in coastal area and from 1/200, 000 to 1/500,000 in conti-
nental margin. Maps on geomagnetism and gravity range from about 1/200,000 in
continental margin to less than 1/10 mil. in oceanic area. Generally, a separate
map on submarine geology or geophysics is rarely published and existing maps are
mostly appeared in scientific articles. The latter are various in scales.

(Projection) The projections of geological or geophysical maps are rather due to
other projections than Mercator. For continental margin, Transverse Mercator (USA,
Canada & Australia), Lambert’s Conformal Conic (Japanese H.D.) and Mercator
(NZ) Projections are adopted. For coastal area, Conformal Conic or UTM Projections
are known,

As regards the illustrations in scientific articles, smaller scale maps are
prepared by various projections as follows; Mercator, Lambert’s Azimuthal Equal-
area, External Perspective, Homolosine and Hammer’s Projections.

(Color) Colors are used in separate maps. In bottom sediment charts, generally
brownish colors are applied to rocks, yellowish colors to sandy sediments and bluish
colors to muddy sediments. In geological maps, use of colors is not fixed for lithology,
but dark colors are generally used to lower layers. As for geophysical maps, there
are following examples of layered coloring; red to yellowish brown in geomagnetism
map and purple to white or red to blue in gravity anomaly maps.

(Symbol) There are many symbols and abbreviations in submarine geological and
geophysical maps as shown in Fig. 15, Table 1 and 2. However, no standardization
of symbols and abbreviations have been made except those applied to nautical charts.
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FOR VERY SMALL QUANTITY OF FUEL OIL
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Abstract

Marine pollution, infer alia polution by oil, now poses a great problem to ﬁs. Water
pollution is' caused by illegal throwing overboard of unnecessary oil, ballast water, tank
cleaning water and the like from navigating vessels including tankers. To study this problem,
it is an important investigation to identify the .oil contained in the sample water in order
to detect the source of such oil. This investigation is now carried out with a diffréction
grating infrared spectrometer. In case where the quantity of a sample oil is very small, it
is difficult to identify, with the regular method by means of measuring infrared spectrum,
the oil from the result of decrease in the absorption spectrum. Therefore, the method of
measurement requires more sophisticated contrivance. ‘

Such being the case, the author has tested the minimum required quantity of sample
oil by the regular method, and then has examined the following four different systems of
measurement of smaller quantities. As the result he worked out a method to measure very
small quantity of sample oil.

(A) To measure by the regular method, using six kinds of aluminum spacer (thick-
ness 0.016mm) for mask which is perforated in various size (8 X20mm, 8X10mm, 8x5mm,
4x20mm, 4X10mm, 4X5mm) in order to prevent diffusion of oil, contrary to the usual
purpose of the use of a spacer to increase thickness of oil,

B To measure with a beam condenser Model B C-1, using 13mm§ NaCl cell
(thickness about 3mm) into which is bored a hole with a diameter of 1.5mm and a depth of
about 1, 5mm.

(9] To measure by the beam condencer Model B C-1, using bmm$ and 2mm§ KBr
disk.

€))) To measure by a diffusive reflection attachment Model DR-1, using a tray
(inner diameter 12mm, depth 1mm) in which KBr powder and sample oil are put.

From the measurement, the following results have been obtained.

@ The best result by method (A) was as follows. In case of no enlargement
with percent transmissionx1, the masking aluminum spacer perforated into 8X10mm was
good, when the minimum required quantity of sample oil was 0.5mg,

In case of enlargement of percent transmission X5, the adequate size of perforation

* WGHENIZE%E  Marine Research Laboratory
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was 4Xbmm and the minimum required quantity of sample oil was 0.1mg.

2) The minimum required quantity of sample oil in the method (B) was 1.0mg
in case of no enlargement. However, this method has a difficulty in puting a sample oil
into the small hole of 13mmé¢ NaCl cell.

€)) Measured infrared spectrum by the method (C) was unsatisfactory possibly
due to the diffused reflection caused by the KBr disk. This method cannot be used for any
coloured or opaque sample substance such as fuel oil.

@) The method (D) brought about the most satisfactory result from among those
tests. The minimum required quantity of sample oil was 0. lmg in case of no enlargement
with percent transmissionX1. But, the minimum quantity of KBr powder required was 50mg
by taking into account the base area of the tray.

1. @FUsHic

BB TIC & 2 FREIEFICHENRE V. MTMERSOE YR, 2V H—hbDNFR MK, &V
7 7Y ==Y IO EANOREREIC L > THERSRAEL, BElR—-VvABRSh, BRICEELRLD,
RICHRATHERE S LT, COXILMBEREE=2 Y VI THEHI-T, WL B SN EEA
DOHEIC X > THIRL, BoNHNro20REBELEOXBLEGIT, R u< 57 4 KX BHPHR
AW X BT, BB V~Ni BEOHT, SHEMBEAMROMNIEEC X »C, g ET
52 ESRYETHETHS. 74 YA TR U.S Environmental Protection Agency 3, £iT% OFEOWL
KEFLTOB LY THEY). ZT, WAOFIAMEK X250 ET 58, HRASHRERTRIE L TRIX
ARy bWERTRIT AT 55, o0& LWESHIE L ORICHEBIBRRS - T, hyORNDRICIE 213
FAERLIRUBTNE, HEHINTE ZENRARY P ERBILIEE. AETE, £ OHBBREHE
L, BHOAER/NEFREAERL, EREREOBESORNEF BRI > W TR Lk

2. BROFE
B U R et s s, BASRTER K 8o IRA-2E GERENR BES5H) T, BEELT
RE1RORSh3WE 4 - 2BEHBERN

TABLE 1 PROPERTIES OF FUEL OIL USED IN THE EXPERIMENT

Properties
Specific gravity 15/4°C 0. 926
Flash point °C 110
Kinematic viscosity ~ 50°C ¢St 25.6
Pour point °C —12.5
Sulphur % 1.58

SHABPREIIE R EOFRIC K - TR N, FEEEERSEBOMNN, SR 1.65§20.05mm, 4F
75+1.0mm, AE04dmmOF+ €5 ) —F 2 —7C1H (BEMTH 1L 4mg) PLEREDTHESES (K6
P‘J%Cﬁiﬁbﬂwé?ﬂaé}@%& LTk $26mg DEFHELBUAE, F++E5 ) —Fa—-7TRKEBOHERN)
&, KBr HEARHe v EFRL (BE1BR), WhWway Y Fo v FETEINBLUE 2HIREN 2
XD BABUFABIN AR v E RS,
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Plate 1 KBr Assembly Type Cell for Liquid

and 13mm§ NaCl Cell Flgure 1 Infrared spectrum of about 11.4mg of
fuel oil (a drop of capillary tube), measured by
the regular method without spacer. (Enlargement
of percent transmission X1]
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Flgule 2 Infrared spectrum of about 11 4mg of Flgure 3 Infrared spectrum of about 50mg of
fuel oil (a drop of capillary tube), measured by fuel oil (four drops of capillary tube), measured
the regular method without spacer. [X5] by the regular method, using a spacer which is
made of lead (thickness 0.025mm). (x1)

s seusues g s
IS NRREITH)

PERCENT TRANSMISSION
PERCENT TRANSMISSION

Figure 4 Infrared spectrum of about 3mg of Figure 5 Infrared spectrum of about 3mg of
fuel oil, measured by the regular method without fuel oil, measured by the regular method without
spacer. (x1] spacer. [x5)
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Figure 6 Infrared spectrum of about 2mg of  Figure 7 Infrared spectrum of about 2mg of
fuel oil, measured by the regular method without fuel oil, measured by the regular method without
spacer. (Enlargement of percent transmission X 5) spacer. (Enlargement of percent transmission X 1)

FHDHE, WRARY P THE 3, 000~2, 800 con™ ICHED TERORIY, 1, 470~1, 430 e~ & 1, 380~1, 360
em™ BRI, 1,600 c~t, 810 ¢, 740~715 et ICIEREARRINAS L S, £ O D P B e &
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R=Y =GR LIBEER, COF P I Y—Fa—7T4H (W50mg) DIEBETSHED, FRARINA <y
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> EBEMEAED SNBZFPINA R bvhBohs. LbL, W2mg OBEMICKS &, BREE b EICHEK
LTOHOKDK I WBINA RS bt ind, ARFIAKRLEIDHCBBLO 2~V LB, 20BOBE
BETEARIE L OBRINA RS b V3 TRO LB D TH 2.

2T, REORMSORICH BHEMETEE TR L, FAREA RS b VORIA Y ¥ ORDEEIA %
Fhigis S s, FRAMPDEER O BRICRERERFER v E LT, BE2ORENS &5 BEERK
Devipnd 55 BEMP CEHEO LS WHEOBOBEPRODUVHAI W, w VIKEEEAT 2 ERRE
HThD. LIch-T BEEEDICHEASE THRELERSE 20, FENICEED A2 AN TBREHEE
RABINFELTL. UL, TNEOHERVANS LRS- T, EBRIIFER LIV, §iEgev
OBEHER TR, wADTENIEAICIEL AL TERETH D, BEIEENED~ v 7V 79I
L

T, MESEHUEEELE LTr vy SNMERBNERE, JOEY —42 v 7 vy —, FOASERELEYD
205 AR TRAEEOHMER LD LV Yy AXMERMESERE (BC-18v—aayF vy —) RERFERL
T, BIEHBELDOTRD &5 RHERET - e
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3BT LT D).

at 2 Micoell for Liquid flate 3 Spacer for Mask (thickness 0.016mm)

&) iﬁ'ﬁ@'@iﬁﬂﬁﬁ‘(}ficﬁm‘ 513 NaCl &R (18 10mm®DAHET, EX5mm) %, B 13mm,
E&M3mmOAEXICMILT, FOPICEREL 5mm, ESHL5mmOERT T, £ oh~iE s AN,
BRlomEEPMS L, HBoESERELT, BCARE—LAa vF Y —CRIET 25 (13mmé+
VIR EIFFES B C &I T B).

(3) E#ES mm¥B KUEE2mm® KBr ftfloduc REEHAL T HBEEEEL, BC-1HE—
LA YT —THET 5 HM Gk LIFRT 5 Licd ).

@) WE12mm, EX1 n}n1®5i‘iﬂﬂﬂ&i KBr#kE AN, #HBZEALT, LRUABEEELZELL,
DR-1ZMBAHEEE TNES 258 Ok LIFFRd 5 C &icd 5).

3. HIROAR

BEOWMEHETE, WLk S ICRENABRAICH 3mg PEB AN E, BRELREO 5 Sk
LThd, WHEOHEOTE ARINARY b VETLGISE L EPTERL.

Z2CT, #hLUTOROEADHEHEIC VT, RN oA EE O CERL 72

) wRIE

BEOMEFECH BN B A=Y —F, 0.025mm~100mmETHANADESDSDHNE T, HHE
DESEZN L ->THLHOEDTH B, SEOTHRTRLZOANROENE & T, WK«
DY Y Fod o FHEICBOT, HAEN > THESESRZ0ER A~ — K k- THIEL, MR35
OB ICHENE S & g hiE, BINARY bVRBEDBRCEALDERE L FHLIAR—Y—&
AT b OO 135 b5+ R OBEASE b, JE 0.016mm OO T V3 4 VAR, 1AL
HORESDOBEEMERL oo wAFYOEIT8X2W0mm ODREXTHEOT, 8X20mm, 8X10mm, 8X5m
m, 4X20mm, 4X10mm, 4X5mm® 6 BHOBEZFHE > X /7 HORAR—y—ZHE L= (BE3IBR).

HEEE, BELABEBE n-~F % VY TREL, RATHIBERBINRBICE -5, 21kt +
B35 Y —F 2 —7 TKBr e VIROHRICE T, COEE, F+E3 ) —F -7 TLEFOETY, 1 EH
Lich n- ~d Y VEESICHEESE, ZhhoROF+E5 ) —F 2 —7OEBEZ 2 VIRIKET LN D LD
TARIEEHES. 2 LT, kD2 REMRMNED SIEMN O BN LS IcEY 3, REED LKZ5, R
DA TOIEBREDBED n-~F Y Y TRIEL, HHLEF v EFY) —F2—7T, Z20n-~F4VTho
T KBr 2 ViR LB AT ICFEED 2, 2hh 5, n-~F: ¥ VERETHEHSE, B 1A oiEo
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R&SEHE Wis ~RI7HORR—Y—i}, ZOHBORSEID SPPRIVEOLOEFEHL, ¥
FodyF LThBMEICAS. COXIICLT RETE 5 AHOLERNERER, BBELALLTR
0.5mg T, v 22 RAR—4—{3 8X10mm OED b DEMEAT 5 O)—BRIFTH -1 (f §H~E14NE
FR)-

BBEARBED S FIKIEALZSOTIH0.1ng T, YAZHRAR—¥ —{34 X 5mm OEObOEMHY
BOWED -1z GEE~EISED. UL, CORERTEET, O -~ v S s #1855, W
Fe KBr 2 WiROHREICH D 2 HEET S OT, fERICAHEEL, EAZLELL, F+E50—
Fa— 7 OHREICE S KBr 2 VIEAOB LD XG0, Lidi-T, BIFBRESEE SN

(2) 13mm§ILIRE

WEOREAETHEA LT 3 NaCl w4854, B 13mm, B3 3mm OX S SITL, 0w
WORIFICEZR 1. bmm, EXK 1 5mm OXREET T, 20X @qj,\n N VICEBEL T B BE
Z, TEARUEARKENLOBEOE S ICANRSE. 21h b n- «*@L/%ﬂmfmé CHSSE, WADH -
1o fe ViRE 5 mm$ ONFCRBILER - fo Vb W F —iCidiA%, BC-1BE —A3 V5 vy —CHiE
L (BE1BIVEE4BIR).

i

! Hiing
Plate 4 Beam Condenser Model BC-1 Gt e ’I* T {
Figure 8 Infrared spectrum of about 0.5mg of
fuel oil, measured by the regular method without
spacer (size of the oil on the cell before it was
sandwiched: about 5Xbmm; after it was sand-
wiched: about 15X10mm). (Enlargement of per-
cent transmission X1)
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Figure 9 Infrared spectrum of about 0.5mg of Fxgure 10 Infrared spectrum of about 0. 5mg of
fuel oil, measured by the regular method, using fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4 xX5mm, thick-  a spacer for mask (perforated size 8 X 5mm, thick-

ness 0. 016mm). [x1) ness 0, 016mm). (x1)
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Figure 11 Infrared spectrum of about 0.5mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 8x10mm,
thickness 0.016mm). (Enlargement of percent
transmission X1)
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Figure 13 Infrared spectrum of about 0.5mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4x20mm,
thickness 0.016mm). [x1)
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Figure 15 Infrared spectrum of about 0 1mg of
fuel oil, measured by the regular method with-
out spacer (size of the oil on the cell before it
was sandwiched: about 2X2mm; after it was
sandwiched: about 8X7mm). (X5)
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Flguxe 12 Inflaled spectrum of about 0. 5mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4><10mm
thickness 0. 016mm). [x1)
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Flgure 14 Infrared spectrum of about 0. 5mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 8X20mm,
thickness 0.016mm). (X1}
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Figure 16 Infrared spectrum of about 0. Img of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4 X 5mm, thick-
ness 0. 016mm). (X5)
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Figure 17 Infrared spectrum of about 0. 1lmg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 8 X 5mm, thick-
ness 0. 016mm). (Enlargement of percent transmi-
ssion Xx5]
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Figure 18 Infrared spectrum of about 0.1mg of
fuel oil, measured by the regular method, using
a spacer for mask (perforated size 4X10mm,
thickness 0.016mm). {x5])
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Figure 19 Infrared spectrum of about 0.5mg of Fxgure 20 Inflared spectrum of about 1 Omg of
fuel oil, measured by Beam Condenser Model fuel oil, measured by Beam Condenser Model
BC-1, using 13mm§ NaCl cell into which is bored BC-1, using 13mmj$ NaCl cell into which is bored
a hole in diameter 1,5mm and depth about 1.5 a hole in diameter 1.5mm and depth about 1.5
mm. (Enlargement of percent transmission Xx1) mm, {x1)
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S e . L. Plate 5 5mm§ and 2mm§ KBr Disks

F1gu1e 21 Infraled spectrum of about 1.0mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 13mm§ NaCl cell into which no hole
is bored a hole. (x1)
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Flgure 22 Infrared spectrum of about 1. Omg of
fuel oil, measured by Beam Condenser Model
BC-1, using 5mm$ KBr disk (KBr powder 20mg,
pressure about 1.5ton, increasing pressure time
3minutes). (Enlargement of percent transmission

%x1)

9 4n

‘Flgule 24 Infrared spectrum of about O 5mg of
fuel oil, measured by Beam Condenser Model
BC-1, using bmm¢ KBr disk (KBr powder 20mg,
pressure about 1.5ton, increasing pressure time
3minutes). (x1)

Figure 23 Infrared spectrum of about 1.0mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 5mmg$ KBr disk (KBr powder 30mg,
pressure about 1, 5ton, increasing pressure time
3minutes). (x1)
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Figure 25 Infrared spectrum of about 0.1mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 5mm#$ KBr disk (KBr powder 10mg’
pressure about 1, 5ton, increasing pressure time
3minutes). [x1)
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Figure 26 Infrared spectrum of about 0.1mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 5mm#$ KBr disk (KBr powder 20mg,
pressure about 1.5ton, increasing pressure time
3minutes). (Enlargement of percent transmission

x1)
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Figure 28 Infrared spectrum of about 0.1mg of
fuel oil, measured by Beam Condenser Model
BC-1, using 2mm§ KBr disk (KBr powder 5mg,
pressure about 0.4ton, increasing pressure time

3minutes). [X1]
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Figure 30 Infrared spectrum of blank of 5mm§
KBr disk (KBr powder 30mg, pressure about 1.5
ton, increasing pressure time 3minutes), measu-
red by Beam Condenser Model BC-1. [x1)
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Figure 27 Infrared spectrum of about 0.lmg of
fuel oil, measured by Beam Condenser Model
BC-1, using Smm¢ KBr disk (KBr powder 30mg,
pressure about 1,5ton, increasing pressure time
3minutes). (x1)
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Figure 29 Infrared spectrum of about 0.5mg of
fuel oil, measured by Beam Condenser Mode}
BC-1, using 2mm§$ KBr disk (KBr powder bmg,
pressure about 0.4ton, increasing pressure time
3minutes). (X1}

23 1 FINET) 0 w 8230 M) we manunsy
WPV L1 . Iy rdapaids L L |

L

PERCENT TRANSMISSION

i g T T e

Figure 31 Infrared spectrum of blank of 5mmf§
KBr disk (KBr powder 20mg, pressure about 1.5
ton, increasing pressure time 3minutes), measu-
red by Beam Condenser Model BC-1. (x1)
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Figure 32 Infrared spectrum of blank of 2mm§
KBr disk (KBr powder bmg, pressure about 0.4
ton, increasing pressure time 3minutes), measu-
red by Beam Condenser Model BC-1. (Enlarge-
ment of percent transmission Xx1)
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Flgule 33 Infzaled spectrum of blank of KBr
powder 50mg, measured by Diffusive Reflection
Attachment Model DR-1. (x1)
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Figure 34 Infrared spectrum of about 1.0mg of
fuel oil, using KBr powder 200mg, measured by
Diffusive Reflection Attachment Model DR-1.
(x1)

Plate 6 Diffusive Reflection Attachment
Model DR-1

Plate 7 The interior of Diffusive Reflec-
tion Attachment Model DR-1
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Flgure 35 Infrared spectrum of about 1. Omg of
fuel oil, using KBr powder 100mg, measured by
Diffusive Reflection Attachment Model DR-1.
(x1)
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Flgure 36 Infrared spectrum of about 0.5mg of Figure 37 Infrared spectrum of about 0.5mg of
fuel oil, using KBr powder 100mg, measured by fuel oil, using KBr powder 50mg, measured by
Diffusive Reflection Attachment Model DR-1. Diffusive Reflection Attachment Model DR-1.
{Enlargement of percent transmission X1) (x1)
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Flgure 38 Infrared spectrum of about (. lmg of Figure 39 Infrared spectrum of about 0.1mg of
fuel oil, using KBr powder 100mg, measured by fuel oil, using KBr powder 50mg, measured by
Diffusive Reflection Attachment Model DR-1. Diffusive Reflection Attachment Model DR-1.
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Figure 40 Infrared spectrum of Camellia oil v
(vegetable oil), measured by the regular method
without spacer. [X1]
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