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Yasuhiro Umeda and Satoshi Itaba (2018) Estimation of time series of the vertical deformations using
the sea level changes at the 1944 Tonankai and the 1946 Nankai earthquakes on the coastal area of Kii
peninsula. Bull. Geol. Surv. Japan, vol. 69 (2), p. 81-89, 5 figs, 4 tables.

Abstract: On the coastal area of Kii peninsula, there is no levering data just before the 1944 Tonankai and
1946 Nankai earthquakes, because the levering by Geospatial Information Authority of Japan have been
carried out around 1930 and 1947. Therefore, it has been impossible to separate the vertical deformations
caused by each carthquake. The co-seismic vertical changes of both earthquakes were obtained from
the sea level changes at the time of both earthquakes by the Hydrographic Bureau. The time series of
the vertical deformations before and after both earthquakes were obtained by combining two kinds of
data by two institutes. The southeastern area of Kii peninsula subsided at the time of the 1944 Tonankai
earthquake and the subsidence continued until the 1946 Nankai earthquake. The upheaval by the 1946
Nankai earthquake recovered the amount of subsidence before the earthquake. Because the tide station
of Kushimoto was broken by the 1946 Nankai earthquake, it was impossible to connect the sea level
data before and after the earthquake. The vertical deformation was obtained by subtracting the long term
change in mean sea level from the yearly average sea level. The continuous vertical deformation was
obtained by superimposing the deformation thus obtained on the time series by the leveling at Kushimoto.

Keywords: 1944 Tonankai Earthquake, 1946 Nankai Earthquake, vertical deformation, Kii Peninsula
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W1k
Table 1

MRS ETABOHFARE. FEEOMOFILIER,

Survey values of vertical deformations due to earthquake. F, O and blank column in survey value means the survey by the fishery

O3 % DILMI 155, 223K IC & 53t 2T,

council, government office etc. and Hydrographic Bureau (HB), respectively.

#HEE (m)

K 5
No. A Survey area Survey value (m) &S
1944 Tonankai | 1946 Nankai | BM. No.

1 57 Toba -0.6 F 03 F

2 B Owase -06 o] ? 0 4777
3 | =EKHEEE™ )| Mikiura (Owase C.) | —0.7 F 0.4 F

4 A (BB ) Tomari (Kumano C.)| -0.6 F 0.6 F 4798
5 = Shingu -0.6 o] ?

6 e o | Katsuura -0.6 F ? F 4973
7 b E Uragami -0.6 F 0.6 F 4979
8 BAR Kushimoto -0.3 F 0.9 F 9221
9 A e Shionomisaki ? 0 0.6 0]

10 AR Susami 0 o] -0.6 o]

11 Bk Shirahama 0 0 -0.3 0

12 X8 Mori 0 F -06 F

13 Bl Tanabe — -06 o | 4928
14 ENm Inami — -0.6 F

15 HFHB Kii-yura — 0 4905
16 TiE Shimotsu — 0 F

17 X Kada — 0 279
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Bt (2016a) D[ FE%E R R G E Y — v 2 12 & - TR
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Fig. 1 Survey points by the Hydrographic Bureau (HB). The symbol ® indicates the point where bench mark is

near. BM.4783 and BM.4778 are the reference points of Mikiura (Owase C.).

ok O KUEMIRFIECRMIE. BAIE X — L (m). S 2KISHIE.

Table 2 Leveling result at each bench mark (BM.). Unit is meters (m). The table corresponds to Fig. 2.
Area Owase Mikiura Tomari Katsuura Uragami Kushimoto Mori | Tanabe
(Owase C.) (Kumano C.)

Jear BM.No-| 4777 | 4778 4783 4798 | 4799 | 4973 | 4974 | 4980 | 9220 | 9221 | 9186 | 9185
1896 0.000 0.000
1899 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1926
1928 -0.155 [ -0.176 | —0.038 | —0.037
1931 -0.082 | -0.084 -0.092 | -0.115| -0.117 -0.050
1947 -0.659 | -0.457 -0518 | -0.525 | -0.493| -0.171 | -0.107 0.060 0.088 0.108 | -0.376 | —0.489
1967 0.262 0.276 -0.167 | -0.286
1968 -0.494 | -0.285 -0.254 0.226
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RAEOBCRME A HEHE (Y a) & LT 3.

BT = AR I 3 AREER R RAR A 2D TH 1
ETIFEMIC > T BN, —FROKUELBM.4783 13
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Fig.2  Time series of vertical deformations by levering results
at each bench mark. BM.No. in left side indicates the
number of bench mark.

WO h T E 2 L Bk 5 A& kB BAN
H 5. BMAT83 DB BB IX 19474 £ TO3M 4 L » A&
WS, AR TOZEFNZOWTIZIBEDOMD 2> DA%
R (BM.4777 EBM.4778) 3 IZITF U A8 Z LTk b (552
X)), BB —wZERCERZ 7B L 615,
A& R & BEEAKHE ST A SR L 72228, KB 3HE
U 72 K¥EfS 2 5%, A T1.76 km, BAT1.6 km ih
T, FH2lNE, HifERR< S2RTOAKRUETIZDONT,
B4 2 KUE OZ(L R L7248, BRI OGAIXIEIE
RUZEBERLTWD EE L T,
LS 1 % TIEBM.4928, F2&K TIEBMIISS &, K
WHESORFEIIRA TS D, MiHOERIEREZ2.04
kmTH 5. XHIZH 1 £ TORUETITEMIZE > T3
2, KPREEHR (1948) DI (53 XNo.15 [3CH ) THEFED
I A, XHOKUESBMIISe & FE2RKICHL L. ZDK
HE S & A (BML9185) & X[F UHLBOB OB ZMN TH 5.
FoMcakoFEHERmAE R TAS L, 1944FHFE
W LIRT O 1930 F- U & TIdER 2 Atk Emz 5 0,
1946 SR HE DR IZ W 37 h & Bl 28 R CHUh 5.

—77, MiHEE &I 19304EE 2 5 19474 F TOLEHE)IT
Wik > TEBEHTH 5.

3. ETEEERS

3.1 \BARMAZE{LZFIAL - L TEERERS

R CRb R 72 AR HE R B, WK REDZEAL A 63K 5
N-HEIEO LA BT L T AR & (F
5. ZO7HIIF 1944 E R HBHE QBT &, 19464
B EEZOWEADBETH 558, BiHIZONWTIRTHh
DIRGDOAKHE LR & A, [FERRICHRFZIZ DOV TIEZE N,
FeDRUES R A SMFT 2 Z 22k > TRD 3.

BRW il 2 s D W Cadd 4 5 & GE3 R EFIX
DUragami & ZH), Wi CiRR72 189947 5 1931 4F %
TORMERRIZ K B ZHEN A 1944 F- F THi T 7z
EREL, ZOHET 1944 H b EZ AT & THMF$
5. ZOMEAH 32, Uragami D 1944 Bef7 D -0.070 mC
b0, FIFTREMD L — DMK B, KGO
AN K > T 1944 4RI S 1213 0.6 mikFE L T
5 (F1£) 0T, MEEMOE, 5 kBEREEZ5 W80
PHBEHROM T, H3ED 1944 FAf DITIZR L 72-0.670
mTH0, FEIXTIEMOENTH 3.

1946 - F R E R OMIE, BRI & 5 194745
51967 F- DL &, BER T2 1946 4F- % T14E4+
L, 3D 1946 Af 70 0.050 m% £, FHIKTIEA
o7y —OHEE k5. 1946 4 FEIFEFERIZ120.6 m
B L3 (5515) 0T, HEATOMIZBEEEZ510v
72-0.550 m& & D, H3F TIL 1946 BeDr, FIXTidH
MOBATH 3. 1944 EFHIFEHIE DB A 5 19464
MV T TO L TEBNIRNEE D 72 D IR 2>
gLy, BHHEA RN 2 TIRERTHAR.

PLEoFEE2 BT 5103, 200EzhEhoz
RO o> TNBERBERD BHH, BIFRISRLEZLIIZ,
EB o rDOMEOETHP AN LY, Wi, HBIZIE
WHTE LW, EBASHAIZOWT, ko kaewEH
U L TFEBORRS %KD, HIRKVEIRITIRL 2.
FIXCEAUTR R, 7L — Ol & > TR 72
HEMETH S, 7L -0 BILE DBOE X H Gz
DEHRTH A, HRICKIFABEMTHSZ L2503
mOFREREEBROFITFTH 5.

FOPP S O WA T 1944 - HRG U 2 I IS I3 PERE L
T30, ZTOWRERIZILET 5 < 50, 2% 0D 1946
ERHIE TR L 72 L 3bh 5. fLHERE O Pl
DO HEP DI & 7 24 FIERHKN e > T B D
X, 1944 FHH R TIELLRD 6§, 19464
HEE TR L7272 Th 5.

3. 2 ETEHRRIIOEE
HIT £ CUE R Vi b BR A & RV R R O &, Al



FEOREEM A 3 % B NABIRY] (MR - Hd5)

1S
Im_ BM 4798

o

e

= .

o Uragami BM 4980
©

E

o

@

~

§ Kushimoto BM 9220
2

Mori  BM 9186
1890 1910

F3k HWENFOZ(EZEL 2 ETLZHERIINE B2 — P (m). 1944 Be &
1944 Af 13 1944 SRR D FT & 1%, 1946 Bek 1946 Af 13 1946 4= ma i EE O i
ERENT. 3 RIS

Table 3 Time series values of vertical deformations considering co-seismic changes. Unit is
meters (m). 1944 Be, 1944 Af and 1946 Be, 1946 Af indicates before and after of the 1944
Tonankai and 1946 Nankai earthquake, respectively. The table corresponds to Fig. 3.
Area Mikiura Tomari Uragami Kushimoto Mori

BM.| (Owase C.) | (Kumano C.)
year BM 4778 BM 4798 BM 4980 BM 9220 BM 9186

1896 0.000
1899 0.000 0.000 0.000 0.000
1928 -0.155 -0.038
1931 -0.084 -0.115 -0.050

1944 Be -0.118 -0.162 -0.070 -0.241 -0.057

1944 Af -0.818 -0.762 -0.670 -0.541 -0.057

1946 Be -0.865 -1.138 -0.550 -0.822 0.214

1946 Af -0.465 -0.538 0.050 0.078 -0.386
1947 -0.457 -0.525 0.060 0.088 -0.376
1967 0.262 0.276 -0.167
1968 -0.285 -0.254

1944 Tonankai eq.
Mikiura (Owase C.) l

BM 4778

Tomari (Kumano C.)

1930
(year)

1950

| 1946 Nankai eq.

1970

3D HEIGOLAL OKIEIRIC & B N & 518 L= L T2

Fig. 3

5. AU ARUERIE S Y, 2L — dud i,
U REEE. FEM O BII213 0.3 m DOFREEI Y
TdhH5.

Time series of vertical deformations considering co-seismic
changes (survey values obtained by the Hydrographic Bureau
(HB)). Open, gray and closed circle indicates leveling result,
extrapolated and survey value, respectively. Error bar of 0.3 m
is attached to each closed circle which is the survey value.
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Fak 1944 F i LR A1 % (1944 Be, 1944 Af) L 1946
EFEHE AT (1946 Be, 1946 Af) DIEAMBIEX 1
ToEf e BAO L TABRERYIE, HATIE A — b
(m). FAKUZHIE.

Table 4 Time series values of vertical deformations which the

values of the 1944 Tonankai earthquake (1944 Be,
1944 Af) and the 1946 Nankai earthquake (1946 Be,

1946 Af) are corrected at Uragami and Kushimoto. Unit
is meters (m). The table corresponds to Fig. 4.

Area Uragami Kushimoto
BM.
year BM 4980 BM 9220
1899 0.000 0.000
1928 -0.155
1931 -0.050
1944 Be -0.096 -0.222
1944 Af -0.696 -0.522
1946 Be —-0.790 -1.062
1946 Af -0.190 -0.162
1947 0.060 0.088
1967 0.262 0.276

ANRWNDT, ZDOFEDATRT (2016) DT — & % F|H
L7

H AU 5 D i 1 KA 0D R S AU A3 5T (2018) D
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o VAR SN A O | - SR 11T K VAR 3 i (/N 7S
Ih7=F—2ty b& L7 ZoEMER 2 biEm
2319594 LATT & 1960 4E-LIFE & T, M & =Ml o
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12175 72,
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B EBRESN S, SEUTOEOEBOZIZRE
TE V. WHIDETIEVC RO EHS 2 2 &

LL, AEITHONLZMNGT -2y P& ETRESE,

FARICKTS EMTEBE 5. ZOZHE, HSHHT
IO FER TR NS HBITRL 72,
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FVWDT, TOSEOBITEE LD, KUEHEHFEE
SOOI L, 2 DEOBEEIE - D2 T4
hEL TP XHES.
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05m
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Vertical deformation (m)
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Fig. 4 Time series of vertical deformations considering co- and
after seismic changes at Uragami and Kushimoto. The
meaning of open, gray and closed circle is the same as in
Fig. 3.
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Fig. 5 Vertical deformation estimated from tidal data of Kushimoto (small closed circles connected by thin line) was

superimposed on the time series of vertical deformation of Kusimoto in Fig. 4. The meaning of open, gray and

closed circle is the same as in Fig. 3.
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