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Abstract

A field survey was conducted along the coast of Niigata Prefecture for the 1993
Hokkaido Nansei-oki Earthquake Tsunami of July 12, 1993. The maximum trace levels
were measured with help of interview data. As the result a geographical distribution of the
maximum height was obtained along the coast of Niigata Prefecture, Japan. A shadow-
effect of Sado Island was observed at Maze on Honshu and focusing effect of Awashima
Island was observed at Kuwagawa on Honshu. The different amplification by islands is
explained from the comparative sizes of the islands to the distance of the opposite coast.
The distribution pattern suggested that the wave that produced the maximum heights
arrived from north—-west direction. The pattern was compared with ones observed in the
same region for the 1983 Japan Sea Earthquake Tsunami and 1964 Niigata Earthquake
Tsunami. The different patterns are explained from the different direction of wave
incidence. Run-up distance was also measured at many places; the maximum height and
the relation between maximum height and run-up distance were investigated for four
regions. The result shows that the maximum height is independent of the run-up distance
and is almost constant for each region. This fact suggests that the incident wave height is
constant over a wide region and the wave is long enough to neglect the amplitude decrease
over the run-up distance.
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Table 1. List of measured points and the maximum heights. Asterisks in the last column
indicate that the data was measured by Abe. Others by Izumiya, Sunako and Ishibashi. |

%  JRAESR [AGEHB [RIEREA | AIE AN | BIERRINL | RERKAL | X i
¥{ﬁ ‘m ﬁ(i’z T m %{i T m BH  mXIIAB,C ]
1| EyEa% |7/17 12:56 1.30 0. 41 1.71 |
o |BB=U—3]7/17 13:12 0. 55318 0. 41 |
3|FEMR |1/17 12:36 1.85 0.42 2.27 |
4| BEREB |7/17 12:23 1.10 0. 42 1.52 |
5| BEREA [7/17 12:15 1.75 0.42 2.17 |
6| %)IgE | 7/17 13:45 2.00 0.4 2.40 ‘
7\ RN [ 7/17 13:55 2. 40 0.38 2.78 15.0 |
8|4 IR |7/17 14:05 2.25 0.35 2.60 14.0
9| IR |7/17 14:15 2.55 0.34 2.89 31.0
10| &R | 7/17 14:35 1.70 0.33 2.03 15.0
11| R [ 1/17 14:45 2.00 0.32 2.32 13.0
12| BT EmET/17 15:04 2. 00 0.28 2.28 12.0
13| =®mEE[7/13 19:35 1.50 0.34 1.84 23.7
14 | BREENGER | 7 /13 18:40 1.31 0.34 1.65 24.8
15 | ERIE |7/13 17:40 1.40 0.34 1.74 |
16 | BRG] 7/13 17:30 1.24-1.25 0.341.58-1.59 13. 1 ‘
17 BEgE [7/13 17:00 1. 40 0.34 1.74 32.0
18| FENERE|7/13 16:30 1.20 0.34 1.54
19| n%IE |7/13 16:40 1.15 0.34 1.49 15.7
20 (MR |7/13 16:00 1. 40 0.34 1.74 53.5
21| KBRS |7/13 15:30 1.38 0.35 1.73 24.5 |
22| /et | 7/13 14:30 0.75-1. 00 0.35/1.05-1.35 11.7 |
23| FWOR|7/13 10:40 0.58 0.38 0.96 19.2 |
24| FEE |7/13 10:45 0.65 0.38 1.03 ‘
25 | B7— N 7/13 10:50 0.99 0.38 1.37 |
26 | B O 7/13 10:55 0.74 0.38 1.12 13.8 |
27 [ FRO®E|7/13 11:00 0.69 0.38 1.07 8.4 |
28| EVHE [7/13 11:15 0. 60 0.37 0.97 30.0 |
20 | #EAnE [7/13 11:35  [0.80-1.00 0.37|1.17-1.37 36.0 ]
30|AHEE [7/13 11:55 0. 60-0. 65 0.37]0.97-1.02 31.0 |
31 |WREABS [7/13 13:50  |0.60-0.70 0. 36 (0. 96-1. 06 46.0 ‘
32 | WA | 7/13 13:10 0.60 0.36 0.96 20.0 |
33| FEEE [7/21 20:00 1.90 0.10 2.00 19.0
34| HE 7/21 19:30 1.30 0.13 1.43 28.0




v ErE PR OFTREIC B T 32 BKEG DN 161
Table 1. (continued)

35[ K& 7/21 19:00 1.60 0.22 1.82 30.0
36 | HMEER [7/21 18:35 2.00 0.28 2.28 37.5
37 kiR |7/21 17:30 1.90 0.35 2.25 17.5
B FuFE [7/21 16:45 2.60 0. 40 3.00 14.5
39|y A |7/21 16:30 2.45 0. 40 2.85 14. 4
40 | AEEBABE [ 7/9] 15:40 1.30 0.42 1.72 34.0
41 &S [|7/21 15:15 1.25 0.42 1.67 27.0
12| RENEE[7/21 15:00 2.10 0. 42 2.52 12.0
13 | REBEE(7/21 14:35 2.00 0. 42 2.42 16.8
44 1 1)1HER | 7/21 14:15 1.50 0.42 1.92 11.5
45 | BWIER|7/21 13:50 2.00 0. 41 2.41 22.0
46 | BWmIIEE|7/21 13:35 1.55 0.41 1.96 18.0
47| BRmET 7721 13:10 2.05 0.41 2.46 34.0
8 EFHE |1/18 12:39 1.70 0. 41 2.11 12.0
49X x> 7H(8/13 15:26 1.64 0.24 1.88]B *
50 | ZAMEA |7/18 9:27 2.60 0.39 2.99
51| &B®*E (7/18 9:31 2.40 0.39 2.79 13.8
52 | A M|HEC |7/18 9:58 1. 60 0. 40 2.00
53 &2 WED (7/18 10:04 2.20 0. 40 2.60
54| &8 8/13 13:35 2.51 0.30 2.81[A *
55| &4 8/13 13:50 2.24 0.30 2.54|A *
56 |4 8/13 15:05 2.24 0.25 2.49|A *
57| AW  18/13 14:30 2.09 0.27 2.36|B *
58| A& [8/13 14:35 2.83 0.27 3.10|C *
59| ANk |7/18 12:05 1.00 0. 41 1. 41
60 \iER [7/18 11:14 0.35 0.41 0.76
61| K7 EVE|7/18 11:38 0.90 0. 41 1.31
62| R BV |7/18 10:49 1.20 0.41 1.61
63| NELER|7/18 15:35 1.25 0.39 1.64
64 |/INEILE (7/18 15:23 1.65 0.39 2.04 10.0
65| NEILALE[7/18 15:17 0.95 0.4 1.35
66 | RTH 7/12 23:53 0.72 0.30 1. 02 | AKR I
67 | HEWGEE  [7/18 15:01 0.50 0. 40 0.90
68| iy |8/13 16:30 1.05 0.22 1.27|B *
69 |t |7/18 14:56 1.75 0.40 2.15
70| B |7/18 14:44 0.90 0.40 1.30
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Table 1. (continued)

T1[BE¥Em [7/18 14:15 2.00 0.41 2.41
70 | mRATH|9/11 8:58 0.70 0.40 1.10|B *
3|8 8/3 12:27 1.00 0.41 1.41 8.
74| G 8/3 12:43 1.10 0.41 1.51 10.
75 | FnA 8/3 13:10 1.30 0. 42 1.72 10.
76 | Wil 9/11 9:57 0.80 0.39 1.19(B *
ES] 8/3 13:27 1.60 0.42 2.02 6.
78| ik  |8/3 13:44 1.70 0.42 2.12 8.
793/ |9/11 10:25 1.12 0.38 1.50|B *
80 | RLar 8/3 14:02 1.25 0. 42 1.67 10.
81 | iR 9/11 11:00 1.16 0.38 1.54(B
82 | iR 9/11 11:40 1.79 0.37 2.16|C *
83 | B 8/3 14145 1.50 0.43 1.93 33.
84 | BEi 9/11 11:53 1.87 0.36 2.23|B *
85 | #ATH 8/3 15:14 1.95 0. 42 2.37 6.
86| _>Vf [8/3 16:06 2. 40 0.42 2.82 24.
87 K& 8/3 16:54 1.70 0.41 2. 11 8.
88 | K& 9/11 13:03 2.63 0.31 2.94/C *
89| KFRER 8/3 17:10 2.15 0.40 2.55 13.
90 (dL#eE 18/3 17:28 2.50 0.39 2.89 10.
91 Jedss  |9/11 13:35 1.00 0.26 1.26[C *
92BA0 |8/3 18:00 2.70 0.38 3.08 18.
93 | BHMAME  |9/11 14:35 2.20 0.22 2.42|B *
94| Fith 8/3 18:17 2.00 0.35 2.35 18.
95 @ 8/3 18:37 2.65 0. 30 2.95 21.
95 | & Fifark |9/11 15:07 1.52 0.21 1.73|B *
97|dL)lIN |8/3 18:49 1.80 0.29 2.09 8.
98| bk 8/3 19:25 1.87 0.23 2.10 9.
99 | Jegkifmdk 19/11 15:53 1. 14 0.21 1.35|B *
100 | ZEH 8/4 8:41 1.50 0.30 1.80 16.
101 | mde  |8/4 9:52 1.20 0.29 1.49 6.
102] — Ry |8/4 10:43 0. 65 0.29 0.94 4.
103| Z Rk [9/11 16:40 0.30 0.20 0.50|C *
1048 8/4 10:59 0.85 0.29 1.14 4.
105 | FUREMRASET | 8 /4 11:33 0.70 0.29 0.99 18.
106 | PIORHRIAT (8 /4 11:39 1.10 0.29 1.39 7.
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Table 1. (continued)

107 [ EE[8/4 11:59 1.20 0.35 1.55 7.4
108 | W& [8/4 12:19 1.85 0.38 2.23]  14.5
109 | &Eik 8/4 13:18 1.90 0. 40 2.30 18.2
110 | f54RK  |9/12 8:06 HRATET 0.36 *
111 | &EE 9/12 8:26 0. 67 0.37 1.04]|B *
112 /K 9/12 8:55 0. 40 0.38 0.78|B *
113D E L |8/4 14:17 0.70 0. 41 1.11 3.8
114 | 7R ¥ 9/12 9:53 0.85 0.39 1.24|B *
115 |t 8/4 14:28 0.80 0. 41 1.21 6.0
116 | falgr#k  [9/12 10:30 0.55 0.39 0.94|B *
117|ZHIL  [8/4 15:09 0.60 0.42 1.02 8.0
118|kHrE |8/4 15:59 1.80 0.42 2.22 9.0
119\ /KE#  |9/12 11:25 0.97 0.38 1.35|B *
120| A 8/4 16:11 0.90 0.42 1.32] 1.2
121 | P 4K |[8/4 16:35 1.20 0.42 1.62 17.7
122 (& 8/4 16:53 1.10 0.41 1.51 11.5

EMERLILRTE B ik CHRM ST 515 S OREN T, ol LT, RE,
WF, BERET7 A 13,17, 21 BICAMNRES, 7H 18 HIcRE, 8 A 3,4 HiclkEx:, b
Wiz8 A BHKES, 98 1, 2 BicEE2Z 0 EFNFEE L. FARIEHCE S
L& > TIRARKEZKD 5 DT, MERLIDZ Z TOKRMEFEERNE LT, BbL
FaM - THEBDEHAL (T.P.) LOKME L TEOHEL, 2hicllELEsE2MA
T, BEOGEE & LT, BBEBEREROFEAAOEM IEYRICE S L T.P. £0.30
mTH5. > TEEOEDEE (RAKMAERS NI RLIOHL» SDHETH S
B, Bt AR > - HEEVSVWEWEERCRRETE L) BEFRAPSEMN LSS0
BEH»S03mpiREZELSIVASDOTH S, WEIKEBANAY FUNNVEEREZIER
F—wisHVSN, FREESELEUIETE, R -V THIEREIIR > ToM EE
BEARIE L 1.

2. |ARIKEISNH

HIEFER % Table 1 IT/R L, HIER & REBPEHO LCHE L 2BKE% Fig. 1-8
IZRY. EEICB Y 5 RKE R ILGO®IED» 5K 10km BEFEICT A - 5B OTHO L
723.08m TH 5 (Figs. 7, 8). TH ERMMANCH 72 5/hKRTIE0.78m & B/ MEITHE Wl
PELNTVS, FAERT 1L10m /NS VONEETH 5. F NERFOETEH T
2.23-2.30m & RSV C & REBEESEILL S TRECHEIVOHa» SREB L1 C
EEBbE 5. RIcEHIN 5 00, REDOEROAMAER TKALA 2.60-2.89m & Hi#R
BV ETH B (Fig. 2). oK EGEERL 7 3 MREEZFEILFEARICA A&
b, BEOFMILICLES 2BEF CRIEMSPEE L o &9 5 LA HATKASE VT &
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Fig. 1. Index map of surveyed points. Numbers in the corners correspond to ones
shown in Figs. 2-8.

DHIATE B, EETRAEMSHERO 23 550, R SHREEEICH T T 0.96-
1.37m & HEHHEL, TN EE & ONEBRY SHEE LT, dLrE% o iddtdbrahm s
OXIEEMEETRELTLE ST, BRICHAZI2AMNBRIEOS AP fcd L
Zzons, ¥, WBEBETEORT285-3.00m EHWVEASTLI ER3EHEN 3.,
ZHI/NKROBEDHENCILD BEHHIC L B EEOPERTH 5 LEL LN B,

3. EMAEEBRKUADST
Fig. 9 12 Figs. 2-8 DFERZHES 5 7 TRLZSDTH S, L LBCHIERSR”R OGN
TVAREELEETREBIVWTRLTH S, ThEA S EEEOREDOIHILERE TE W
Z&, EEOHEOHETEVWI E8RB-E20bh 3, THKXL R TORAED
HBERERIE 1.67-3.00m & HEHESVWEESE SN TV S I LIZERICET 5.

Ko i 1983 B A ERE R (HHEf, 1984; BJilfth, 1984) & L TF 1964
FEFEHEER OIS (FHHf, 1964) % Fig. 10 3 XU Fig. 11 icZ2hThRT.
1983 FEDEERE & DRADHEE /A 13 1983 4 O A ch i i S A o B AL ER ASEEER i
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Fig. 2. Surveyed points and reduced heights in map No. 1.
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S A SR A"‘Q&v 22 S0, 248

Fig. 3. Surveyed points and reduced heights in map No. 2.

E~T2fficgnc & Th s, hid 1993 FEibigEravEN IR S & 0 FE o
BIEF TREBELTVWA0EMBIHTH 5. 72 1983 4 H AU IR O L
TOKMSHEH 5 ENERFTIRILET S TD 3.31m 2 5 0.81 m ~ & ABIRET %
ROFBNTH S, INZERSIICEA > SRB LI LT 5 LHHAT 2EMNTER
5. B~ T Fig. 9 & Fig. 10 DREAKLIAE OBV IEKEBEAHE OBV ITRE SN 5. 1964
EFBEHMBRFEOBAIBERESEREE2SUERICETHN 80 km O E X D4
(EVELYN and ABE, 1992) DT, BEORMEHMIEEEECRIETRAT LIET
HBD0Ixt LT, R, EEHTRILEARICE S, O EA2EET 3 L Fig. 11 1R
T &S ICHPE L TKRUEMBE N &b 3, hETRBROBESBOAVOLVE
{B->TWT, BERHEETHBENATV S, BEOBICHT 2IEETIRZ OB
B BRI oNTHBEATRGEVE I ANBRICHEET 2 @SS 505 (KaTo et al.,
1961). CDT EAEET 5 &, 1964 FHRMBEP TRIMETRAKMNBEVOE, &
B ORI O B O FISE WL (9304 & &8 T3, Fig 12 12t
FAPAMR IR OBMIRCER D D5 S & o 7RI A b LT, B—koBmAFE L
bDTHB. KTEASBREFRARL, AMNodbh SIEICER, FEE, FEdE, Fn,
R, EILE, REIIPE, RO SREETICD OB E I RN T RER )
S ORLBIZ DB TR, FEINICEHLESE—HEOESZ mTcELTWS, Ch
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Fig. 5. Surveyed points and reduced heights in map No. 4.
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i 20 0.
Fig. 6. Surveyed points and reduced heights in map No. 5.

Th 5 LEEBBERICETT, AWARBIETH - EARLTVLS, TR
BEREKRKOLOA CHEES N BEDOARTAME KT 5. KR LEEO" VAT
COXIBHERERB > TR O LILILEL OREBLELEWSTE b H B T E AL
THL. RFTHFROES %245 a0, MROESKE VLS ITNTIE,
BAKALE OFBIIIE, BELETIRE W, Fig. 131222 THRETL 72 3 B OBIE
BART (& ZIXTIB, 1994; tHH, 1984; EVELYN and ABE, 1992) 75, 1964 fEiE
HIRERE D O, 1983 4 H AN IR 2 48 C, 1993 HbiEma iR Ic W /2
% 3 D OEHEFIRIIFREIC K 5 E ORBAREEAD» SILILE, JEEEEZ -
TEITIEY, ZORBBCKEETAONE LI BHHOERILEECILEVR S, K
5 A Fo AL I 1983 4 HARHG R ER IR BRI O IR & 1993 FEL MR ERIFE IR Hk D
BRI E TERIREEDIBV, ITbhhb o FHE ORI TEED & A -8tk O kB H
BRI B, BEOBE, KFEAEKES 3000m EFEVENLLE->TVT, AKX
B NF-DEE SN, FECETICES> TW52000m DEICT+AE Iz VE~%
HigTE i icwLBEI 605 (Fig 3BW). AAFOHSIREL < Fig. 131I/RT &
S IAEEBESFEBICE D > TOV TV AT, T IS N @S RAIKAL %
boTDIRKENEHEZRILILBDEZEILNS.

4. B LREEES BAIKAL

LA OFHE TREAKMOMICE  OHTH HEERE L 2 A% L/ (Table 1). Fig. 14
1398 FEERE & BRAOKNL O BIR A Bl M EEERE, M RAUKAIE B > THER T & 1R
L DTH 5. HBRIIEEGFORBIS VR A, Hid SHEEHEE To B fEilF,
INHHEER I OREI . TORER C, A8, AR OILOMAI D ETAHIBEISATHS
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(Figs. 2,3,4,7 23). ZOFHERRIRHIRT &ich 5 &, BAUKAL I3RS i< A%
K—EEENS C E2ERL TV A, A, Bljus <38 FEREI/NE W E A T—EE
O DLEFLIPNSVEERT, ChBERSEHZ LT3 ;?i?&b“ré}ti%}é N X0
2, 5 —EDM IREMSMET, ComBicEY 5 &8 IR BRI —EDE S
EHETALD0EELONS. C, D HlTREGE VI LI oS TOHLELH E
AL Tw b sboNn s, B EEEIC X ARAKMNOELSE LN VEND
T &, W EERREARHO O AERAE CERREAHOEVESARLTVT, £h
ZhOHIBTRILESOEBAR L TVWE EEZ2008ROEARTHS. SR LI
BARKGLOEEEA E B &, A,B,C,DZhEFN28,1.7,1.1,2.7m &5 5%, £ &HAWEH
ChBEEABRT2Tm AN LR, TOBED¥END 1.35m DE S OERMSC
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Hokkaido Nansei Tsunami of 1993

10km

Fig. 9. The heights of the 1993 Hokkaido Nansei-oki Earthquake Tsunami.
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Japan Sea Tsunami of 1983

Fig. 10. The heights of the 1983 Japan Sea Earthquake Tsunami.

OHUFITREB L 7 C EARET 5., BERSEHOEWKRRBTENFOEED & & T,
BETRES 2BICBE25THS. B,CHBTRCIOI bIKETRESh, K
KHR S NS - B3OS 0ERICEE L THIMS N/ 2L EXA 5N 5, AHIKTIRE
EOWHN S0 AAIZEPER - T, ABREFELC L~ VvpZhE kA2 LLET
EWot:bDE BB ENTES, F—5DE 52> XICERT 5 & AMEHF D HulI3, ¥
B0 CHBIc NI 5o 2K E V. ThiBA BN B R SEHE T, AN
BORIBIZESHDEBH 12D TH 5.
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Niigata Tsunami of 1964

0 50 km

Fig. 11. The heights of the 1964 ‘
Niigata Earthquake Tsunami. :

139°E

JAPAN SEA

60min(+0.26m),.-~""

~ 8o min.~” P 87(+0.82)

88(+0.16)
80(+0.20)

HONSHU
JAPAN

78(+0.16)

o 50km
Fig. 12. Initial wave fronts of

the 1993 Hokkaido Nansei-oki
Earthquake estimated from
tide records. Numerals indicate
travel times in minute with peak
levels (parentheses) in meter.

78(+0.16)

74(+0.26)
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1993 7.12 /
Ms=7.8 | ©

= 42°N
JAPAN SEA
1983.5.26
—] 40°N
PACIFIC —[ 3N
OCEAN
g
0 100
km

138°E 140°E 142°E
Fig. 13. Source areas of the principal three tsunamis in the Japan Sea.

height
(m:T.P.)
. Y Region A: O
- ° B:+
F « ° ° . ° c:m
D:e
@
’ .
2.0 |-
“ * ii *
+ * 53.5m
+
-
- L]
-
1.0 b :. ut -
0.0 1 B | |
[} 10 20 30 40

run-up distance (m)

Fig. 14. Relation between maximum height and run-up distance for regions A-D as

shown in Figures 2, 3, 4 and 7.
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5. F & &

1993 4F LB AETE MR B IR S A FRRIE ORI TIT L, BATKiL o HiFmi
SR, ThICX 3 LEEOMFER crREIREL, EEOERIENZD SN B0
LT, EEOMETRARLEL, YIEONFESRELE W IbDEB 5N 5.
DBV EEEISERIC AR T/IS O S ERSI R B 0E% 0 &< B h - &
LEFY, BEAOMETRICRMRIZIDE-1ccdTh b, BB EEEORNETDK
MAFGERESILE AR, OREB LI EE2RT. TOT & BBREEIROE— O
R DZED S RD 1Bl » 5 B S h 5, REBIRWTABICY D, RAKLEE
OEREREEL TSRS VE LABMOL 4, BREGIEARE L TO 2 VWi E—iE
s, B ERETKEE, FREMBORBREMFO S cE# W LEd. BEAEE
KBV TRBIFHABOMPZZT £ L.

g % X #

MHE B - BRI © FIEGRIE, 1984, BICRAT 2 RENE, FE, BILNE, HARKESDIRF
HEFRKERFRR, REE FE—H, pp. 102-106

FHEE BB « 4R7HRK ER « STTEMKER « BkHEK, 1964, 1964 4E 6 H 16 BFTEME TR S BEOH
A, HEEAKFHEHAARER, 42, 741-780.

FEH 5B - 1984, 1983 4 HATGH AR OBREE € 7 v, RRAZHERFEI RS, 59,93
104.

EVELYN, N. and Ku. ABE, 1992, Numerical experiment of the 1964 Niigata Earthquake Tsunami on a
fine grid space. Abstracts of the Seismological Society of Japan, No. 1, p. 81.

TISTEAER, 1994, 1993 FtisBErFEMHIE RN O R O, HE 2, 47, 1-10.

KATO, Y., Z. SUZUKI, K. NAKAMURA, A. TAKAGI, K. EMURA, M. ITO and H. ISHIDA, 1961, The Chile
Tsunami of 1960 observed along the Sanriku coast of Japan, Science Report of Tohoku University,
Ser. 5, Geophysics, 13, 107-145.

BNHAE, 1984, EEICEET AL KES BARKEHITIEERESENRE, REE:

=—1, pp. 107-109.

=B =]

199347 A 12 B, JtiEREEHRTHRAE L LHE (M.=7.8) JdbiEERFAE, BRER SoRER
HRE—HICRERE O L, BHOBMEL B L. CoRBRAABSECERL, FEE
OEFERL chiz s SShk, 2 THEBROEE CRIABEZITV, AR OIS EE
7o, TR, FE, B, B, BEIRRNTENEFN23m &L, B, MERET 1.0
1l4m LEL B> T3, EETRAEBRTE L, NERTEY. ABRTREHCHIFLED S 10
km PN TEL, 263.1m TH 5, KL THEBNTIZ08-12m Th 5. MiEOREIAE T
AHETIE Lim TIh B, EETOABEBAUITIm LT, NEANTR Im T, AMllTEL
RoTW5B, TORAKMAHOR#A 1983 F ARG RSN, 1964 FHEHEREORE
BT BEARKMUSHENELTH B L, TodEpidedir, Sv LILtFEAm» SKE L LT
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