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1. In the eastern part of Tokyo, precise levels have often been run:
on a number of lines during several years. From these levellings, as:
already reported®, marked subsidence of several bench-marks were found.
A bench-mark situated near the Nakagawa (river), for example, subsided
about 155 mm during 1937~1938. If it could be regarded as having
subsided at a constant rate, the rate of subsidence is roughly 04 mm
per day. '

However, to level a line that includes a number of bench-marks,.
requires several days of field work. In one case, part of a line was
levelled after one year or more, when another section of the same line:
was levelled, and the heights of the bench-marks on the first line were
deduced by assuming that both these levels were done at the same time.
The vertical displacements of the bench-marks deduced by comparing
the heights thus obtained with those obtained by levelling in a follow--
ing epoch may therefore contain errors due to the movements of the
earth’s surface during the period of time that elapsed between the epoch
in which a section of the line was levelled and that in which the second’
section was levelled. Such errors however are omitted in the vertical
displacements deduced by comparing the results of successive surveys.

Errors of this kind increase and become larger when the time inter-
val between the different epochs, in each of which epoch different sections:
of the line were levelled, was not small enough compared with the time
intervals that elapsed between the successive surveys.

Such was actually the case in the relevellings that were done in
the eastern part of Tokyo. ,
2. In order to correct the errors in the vertical displacements due to-
the cause just mentioned, the following method was used.

The height of the n-th bench-mark relative to the reference bench-
mark is given by :

1) N. M1vaBe, Bull. Earthq. Res. Inst., 10 (1932), 844~857; 13 (1935), 587 ~591;:
16 (1938), 721~756.
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H,=3h,, D)
‘where h, is the height-diﬁ'erence between the successive bench-marks,
that is, h,=H,—H,_,.
The change in the height of this bench-mark during the time interval
ty~t, is given by

I{n, !2—H71, = ‘S{hn, 12_hn, tl} .

In the case cited above, ¢,, t; are not the same for different sec-
‘tions of the line of levels, that is, they are functions of n.

Putting t,=t, + 4t,

| (o oh
=t () at ( 2 )42
b=l H(5), A6+ 5 (dty?+

‘whence we have
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The change in the height of the n-th bench-mark is therefore given
by
oh. o’h 1
H,,—H,, _J( avr AV L. .
" fa o 8t> * 2( (de)=+ J @)

The numerical values of (aaht”) (%_;';L> in the above expression are

-eagily calculated from the actual data of % for each section between the
:successive bench-marks of the line.
3. As an example, we dealt with
‘the levelling data along the line of
levels between Koiwa and Asakusa-
‘basi, traversing the Koto region of
Tokyo, including 9 bench-marks.

The distribution of these bench-
‘marks is shown in Fig. 1.

Of these bench-marks, 3379,
3378, 3377 and 3376 were found
from recent relevelling to have
‘markedly subsided.

Table I gives the height-differ-
.ences between the successive bench- ,
marks, the dates of their measure- Fig. 1. Distribution of bench-marks .
ments, and the changes in the height-differences during the successive
[surveys. '
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Table 1.
B. M. Dates of ] Dates &ﬁvjr N
(Locality) Level h ah Level h Ah
9
(Koxwa) 3 m mm m mm
3374 1934-75 — 1-9330 + 22 193692 — 1:9308 — 16
3375 ” — 0-5440 —133-1 1936-67 — 06771 = 360
3376 1935-25 — 0-7693 — 235 1937-08 — 0:7928 + 67
337_7‘ 193550 + 0-8306 — 14+6 1936-33 + 0-8160 - 275
3378 ” + 1-2344 + 15-2 1936-25 + 1-2496 +-45-6
3379 ’ 1936-17 — 1-2275 + 14-8
0 : 1935-92 + 0:7135 + 46-2
J-5 . 1935-83 + 1-7642 + 96
{Asakusabasi)
B. M. Dates of L Al Dates of i
(Locality) Level v Level v
9
(mea) m mim m
3374 1937-17 — 1:9324 - 21 1938-25 — 1:9345
3375 ” ) — 07131 - 79-8 ” — 07927
-3376 ’ 4 — 0:7861 - 89 ” — 07950
3377 ” + 0-7885 — 392 " + 0-7493
3378 ” + 1:2952 + 55-2 ” + 1-3504
3379 ” - 1-2127 + 24-3 4 — 1-1884
0 4 + 0-7597 + 34-7 ” + 0:7944
J-5 ” + 1-7738 + 19-4 ” + 1:7932
(Asakusabasi)

As shown in this table, the dates of measurements of 7 in the Ist
and 2nd columns vary over wide ranges, compared with the time inter-
vals between the dates of these measurements and subsequent measure-
ments.

From the data in Table I, the values of (%) are calculated as

shown in Table II.

Table II.

oh oh ch

B. M. epoch ot epoch n epoch o
0 mm/ycar mm/year min/year
3374 1935-84 1:01 1937-05 — 640 1937-17 - 194
3375 1935-71 — 6902 |. 193692 — 72:00 ” — 73-89
3376 1936-22 - 913 1937-13 - 875 | " - 824
3377 1935-92 - 17-59 1936-75 — 3161 ” — 36-30
3378 1935-88 + 20-27 1936-71 + 49-57 ” + 51-11
3379 1936-67 + 14-80 ” + 22:50
0 1936-55 + 36:96 ” + 3213
J-5 ) 193650 + 716 " + 1796
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In calculating the values of (2—? for the section of the line between

bench-marks 3375 and 3376, the data of 7 were smoothed, because the
) for the section of the line mentioned above,

large positive value of (%Zf

which is obtainable without smoothing the data of &, is not due to the-
large amount of changes in the %’s measured by levellings before and
after the epoch under consideration, but to the shortness of the time:

interval between seccessive surveys. As another reason for having used
smoothed values of h’s, it will be seen that the values of _gtﬁ for the
section of the line under consideration in both the preceding and subse-
quent epochs are not only smaller in their absolute values, but also are
of different signs when compared with the values for the epoch in ques-
tion, obtainable from data that has not been smoothed.

By using the data given in Table II, Table III was constructed,

, .
which shows the values of —2—; L
Table III.
B. M. epoch 2—th : epoch 2 t};
B 0 U mmCyery? | mm/Cyeanr)?
3374 193650 L= 612 193739 + 676
3375 193632 . — 245 193732 | =239
3376 193667 + 038 1937-42 + 057
3377 193636 - 1795 193723 - 490
3378 1936-29 "+ 3530 © o 1937-21 + 154
3379 1 1937-19 +. 740
0 1937-13 - 416
J-5 1937-11 + 893

It will be noticed that, in this table, the values of (aaf;i\) of the

‘section of the lines of levels, 8374~3375, 3375~3376,” have not chang-
ed greatly during the different epochs, which shows that the first two
terms in Taylor’s expansion (expression 2) are sufficient for calculating

the values of (H,, ,—H,,). In contrast to this, the values of 2;3 of

sections 3376~3377, 3377~3378 vary, which shows that the higher
terms in Taylor’s expansion (2) are available for calculating the values

9) This may be due to the fact that smoothed data was used in calculating the:

oh
values of —.h .
ot
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of (H,.—H,,) with sufficient accuracy.

The numerical results shown in Tables II and III are then com-
bined, and the values of 4h for the time intervals 1934:75~1936-92, and
1936-92~1937-17 were calculated, with results as shown in Table IV.

Table IV.
1934-75~1936+92 1936-92~1937-17
B. M.
dh 4dH Jh AH
mn mm miun mim
0 00 00
3374 - - 27 - - 17
3375 - 1539 — 1566 - a0 221
3376 -2 - 1775 - 22:8
- 360 - 103
3377 — 92135 — 331
+ 456 + 166
3378 — 1579 - 165
3379 +o5l — 114
0 4+ 139 + o5
' + 28
J-5 . + 53

In this table, the corrected vertical displacements of the bench-marks
for the corresponding time intervals
mentioned above are also given.®

The vertical displacements of.
these bench-marks during the time
interval 1937-17~193825 need not
be corrected, seeing that the heights
of the bench-marks were measured
during these recent levellings at L
approximately the same time. ' -

In Fig. 2, the vertical displace- -70cmf
ments thus corrected are shown
graphically compared with the un-
corrected vertical displacements.
The curves in full lines show the _ypcml
corrected vertical displacements and
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Fig. 2. Corrected (full lines) and un-

those in dotted lines the uncorrected corrected (dotted lines) vertical dis-
ones. placements of bench-marks along the
. . R 1i t i i

It will be noticed in F ig. 2 that ine between Koiwa and Asakusabasi

curves I, II, of full lines have forms similar to curve III. and that the
vertical displacements of bench-marks for the time interval 1934-75~

3) In calculating the vertical displacements, the displacement of B. M. 0 at Koiwa
was taken as Zero, as the vertical displacement of this bench-mark during 1930~1938
was very small, referred to the standard datum point. :
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1936-92 are approximately double those for the time interval 1937-17~

193825, and 8 times those for the
time interval 1936-92~1927-17, all
of which correspond to the ratios
of the time intervals.

4. A graphic method® can also be
used for calculating 4k in order to
correct the errors in the actual 4h,
due to differences in the dates of
surveys for different sections of the
lines of levels.

Taking a certain epoch at which
the line of levels under considera-
tion was run as the time origin,
changes in the height-differences
are plotted against the time inter-
vals of the corresponding epoch
from the epoch taken as the time
reference. In applying this me-
thod to the present example, for
convenience, the data of 193717
was taken as the time origin.

We then have curves showing
the changes in & (height-differences
between successive bench-marks) as
shown in Fig. 3. Each of the
curves in Fig. 3 corresponds to
each section of the lines of levels.
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Fig. 3. Changes in height-differences.(Graph

used for estimating vertical displacements)

From the graphs in Fig. 8, the values of 4k, i.e., changes in the

Table V.
B. M 1934-75~1936-92 1936:92~1937-17
4h | 4H Ah 4H

mim mim mim min

0 0-0 - 0:0
+ 18 - 12

3374 + 18 — 1.9
— 152:4 - 167

3375 — 150-6 — 179
- 22:3 - 21

3376 — 1729 — 90:0
- 375 — 10-2

3377 — 92104 — 30-2
+ 527 + 17-4

3378 — 1577 — 128
+ 41

3379 - 87
+ 92

0 + 05
_ + 27

J-5 + 32

4) Practlcally the same method was

used by Tsuboi in discussing the crustal

deformation in the east coast of Idu Peninsula; C. TSUBOI, Bull. Earthq. Res. Inst.,

11 (1933), 488~499.
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‘height-differences, are obtained, the results being shown in Table V.
The results thus obtained and the vertical displacements of the
‘bench-marks deduced therefrom are nearly the same as those obtained

. oh o°h,
by cal the dat (__ d (2
by calculating from the data of at> an ( Y

preceding paragraph. This graphical method of calculating the values
of Jh however is not independent of the method of numerical calcula-
tion, given in the preceding paragraph. .Hence the concordance of the
results, obtained by apparently different methods, should not be surpris-
ing.

The vertical displacements of the bench-marks in regions markedly
deformed, especially those that occurred during shorter time intervals,
should be corrected as shown in the manner given above.

In conclusion, the writer wishes to express his best thanks to
Mr. H. Yogo for his assistance in preparing the numerical data.

), as given in the

10- ZRTHEE U 3 TR Y 2 TR D IKIE
WEWERE OB OW B B

TP D IR, LN DI TN L LMD IT LT 5. BRI C, K B
CHETT U, RO L WET 5454, —DOMRIET 5 A T8, = D B AL 2 Hhilik ¢ C
BMRELIER TN IROWE X TOBABIIE L CAT ST L2 pb s, 2 DEETL
A WBLELRETONRMECTBEY FRIANRLUNIL, Bo, #0 LLR
WECEM R PSR T 5 12 (I,

WIS LT MR 0 SREER D 6 RGO 5 UKL E 5 § i HOmEIZ 03 , LIk
WIIEERLIMANTHRLLR L, TOEE RGBT CE~NTRIIEC S Lo -2 ik,




