IGWE - A HEERFZE RS, No. 8, p. 71-89, 2008

BE - WETHICHITS 869 FABEZROME 2 L—a Yy

Numerical simulation of the AD 869 Jogan tsunami in Ishinomaki and
Sendai plains

TR - T AE— - IR

Kenji Satake', Yuichi Namegaya’ and Shigeru Yamaki’

VIR AT IR v 2 — RO ERUR S HIERFZEAT (Active Fault Research Center and
Earthquake Research Institute, University of Tokyo, satake@eri.u-tokyo.ac.jp)
LW e o % — (Active Fault Research Center, GSJ/AIST)

’ 3 —< A (Seamus)

Abstract: The AD 869 Jogan earthquake, off Miyagi prefecture along the Japan Trench, produced
unusually large tsunami, according to a historical document and tsunami deposits. The document reports
that about 1,000 people were drowned from the tsunami in Sendai plain, indicating much larger tsunami
than the 1896 or 1933 Sanriku tsunamis. In Ishinomaki plain, the 869 tsunami deposits extend more than
3 km from the estimated coast line, which is about 1-1.5 km inland of the present coast. In Sendai plain,
the deposits extend about 1-3 km from the estimated coast, or about 1 km more from the present coast.
We computed tsunami inundation in both plains from several types of tsunami source models such as
outer-rise normal fault (similar to the 1933 Sanriku tsunami), tsunami earthquake (similar the 1896
Sanriku tsunami), interplate earthquakes with variable fault depth, width, length and slip amounts, and
an active fault in Sendai bay. Comparison of the computed inundation areas with the distribution of
tsunami deposits indicates that only an interplate earthquake source with 100 km width and more than

7 m slip (Mw=8.4) can reproduce the observed distribution of tsunami deposits in the two plains.
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Table 1. Parameters of fault models examined in this study.

EFL WEAA T 8 (i ws kS e ) ﬁfﬁﬁ! TN TR E HEE—AC |

depth  length width  strike dip Rake slip Mo Mw
Model Fault type deg N deg E
km km km deg deg deg m Nm

1 Normal Fault 3791 144.36 0 200 50 202 45 -90 5 2x 10 8.1
2 Tsunami Eq. 38.06 143.91 0 200 50 202 18 90 5 2x 10* 8.1
3 d15Ws50 3824 14341 15 200 50 202 18 90 5 2x 10 8.1
4 d31W50 38.41 142.91 31 200 50 202 18 90 5 2x 10* 8.1
5 d15W100 3824 14341 15 200 100 202 18 90 5 4x 10 8.3
6 d31W100 38.41 142.91 31 200 100 202 18 90 5 4x10™ 8.3
7 d31L300 38.41 142.91 31 300 50 202 18 90 5 3x 10™ 8.3
8 d31L100ul0 38.00  142.68 31 100 100 202 18 90 10 4x10™ 8.3
9 Sendai Bay Fault 3830  141.20 1 40 20 160 45 90 5 12 x 107 7.3
10 dI5SW100u7 3824 14341 15 200 100 202 18 90 7 5.6x 10% 8.4

W R I _E S DAL BSOS ET « FRPT - YRS, HUET— AL hOFEIZIE, BTV 9 LISMIRIMESR 4 x 10° N/m®, EF/L 9125\ TiZ
3x 10" N/m’* Z{RELT-.

H2 K. A 10 HOETANOER LR KEEE (km) &R EOHRHERMONLE L DLk
Table 2. Inundation distances (in km) along profiles computed for ten models of the Jogan tsunami, compared
with the location of the most inland tsunami deposits.

Tsunami Iﬁgiila: ,I;,/: Z:Zinzi Model 3 Model4 Model 5 Model 6 Model 7 Model 8 ]\g(e):z;ig Model 10
deposit d15W50 d31W50 dISWI100 d31W100 d31L300 d31L100ul0 d15W100u7
Fault Eq. Bay Fault
Ishinomaki
WA 1.5 0.1 0.1 0.5 0.5 1.5 1.5 1.5 1.5 0.1 1.6
Al 34 0.0 0.0 22 2.3 2.3 2.3 2.3 35 0.0 3.1
Y 32 0.0 0.0 1.4 1.4 1.7 1.8 1.4 29 0.0 2.8
Sendai
a 3.0 0.0 1.0 1.8 1.4 2.0 2.0 1.4 3.1 0.0 3.1
b 3.8 0.0 1.0 22 1.3 2.8 2.8 1.3 34 0.0 33
c 4.2 0.0 1.1 33 3.1 33 33 3.1 3.8 0.3 4.1
d 35 0.2 1.7 2.1 2.0 29 3.1 2.0 3.6 1.7 35
e 2.5 0.0 1.4 1.7 1.4 2.3 2.3 1.4 2.8 0.9 2.9
Distance Average 0.01 0.24 0.58 0.51 0.77 0.78 0.60 0.99 0.12 0.99
(Sir;a.;]l;ep.) Std. Dev. 0.02 0.21 0.13 0.14 0.17 0.16 0.23 0.08 0.19 0.09

The lowest two lines indicate averages and standard deviations of distance ratio (simulated inundation distance /furthest tsunami deposit from
coast). Both rank A and B deposits are included in the calculations. The averages and standard deviations shown in bold are the preferred models.
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Table 3. The water heights (in meters) along profiles computed for ten models of the Jogan tsunami, compared with
the altitudes (in meters) of the most inland tsunami deposits.

Tsunarpi 1\11112;1;113} Il\“/i zginzi Model 3  Model4 Model S Model6 Model7  Model 8 NSIZSSL? Model 10
deposit Fault Eq. dI5W50 d31W50 dI5W100 d31W100 d31L300 d31L100ul0 Bay Fault d15W100u7
Ishinomaki
WA 1.9 1.7 2.0 22 22 2.4 2.0 2.1 2.7 2.4 3.6
Al 1.7 1.8 2.1 0.7 0.8 1.1 1.2 1.0 1.9 1.6 1.7
Y 2.6 1.8 2.1 2.1 1.9 24 2.4 2.1 2.5 1.4 2.5
Sendai
a 2.0 2.0 1.1 1.6 1.4 1.7 1.7 1.3 2.4 2.2 2.4
b 33 2.2 1.1 1.5 1.3 1.6 1.7 1.3 2.5 2.2 2.5
c 2.5 1.8 0.9 1.2 1.0 1.3 1.4 1.0 2.0 2.0 2.1
d 3.0 1.0 1.1 1.9 2.0 2.3 2.5 2.0 3.5 1.3 32
e 3.9 1.7 2.1 3.0 2.7 3.1 3.0 2.7 4.0 2.0 4.1
Height ratio  Average 0.72 0.65 0.68 0.64 0.78 0.78 0.66 1.04 0.78 1.09
(Sim./Dep.)  Std. Dev. 0.26 0.35 0.23 0.25 0.23 0.17 0.22 0.21 0.29 0.34

The lowest two lines indicate averages and standard deviations of height ratio (simulated inundation height / altitude of the most inland
tsunami deposit). Both rank A and B deposits are included in the calculations. The averages and standard deviations shown in bold are the
preferred models.
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MIHERETL (RER) OFh, 7L—MlHEOWEORSZ 300 km, 100 km (ZEZ 7260 (BRI,

P2 100 km [ZZEX 7260 (F, &%) KOMIEEOMHERTE (k). ZhooiEny, P (1998), Minoura et
al. (2001), &% (2000) 12 XD HEERIFI, 1978 47, 2005 FEOERIIHIRORIIB LR BT —0/)
T ZOHUIROIEETEE) (1997 £4F 10 H~2007 43 A ; [REUT LRI L D) &md. FEiEo LIcE
VBT (0 km, 15, 31, BXO41) 13WE EIORS 2R, “AENIHEBUME - BRI LD bOLHEES
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Fig. 1. Fault models of the Jogan tsunami. The fault models tested in this study are the normal fault, tsunami earthquake
and interplate earthquake models (widths: 50 km) (shown by black solid lines), interplate models with different
fault length (shown by black dashed lines), with different fault widths (green and blue lines), and an active fault
in Sendai Bay (dark green). In addition, those proposed by Hatori (1998), Watanabe (2000) and Minoura et al.
(2001) are shown. The source areas of 1978 and 2005 Miyagi-oki earthquakes are also shown. Color circles
indicate seismicity in this region between October 1997 and March 2007, according to Japan Meteorological
Agency data. Numerals beside the faults (0 km, 15, 31, and 46) indicate upper depth of the faults. Triangles show
locations where oral legends of the 869 Jogan earthquake and tsunami were reported (Watanabe, 2000).
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Fig. 2. Vertical seafloor deformation due to outer-rise normal fault, tsunami
earthquake and interplate earthquakes with different fault width and
depth. Gray rectangles and broken lines indicate location of land on the
head of Sendai bay and Ojika Peninsula, respectively.
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Fig. 4a. Estimated topography of Ishinomaki plain at the time of AD 869 Jogan tsunami. This area is gridded into 25 m interval for
inundation modeling. Locations of the tsunami deposits (Shishikura et al., 2007) and three profiles on which simulation results
are compared with the deposits are shown. Ranks A and B refer to probability of the Jogan tsunami deposits.
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Fig. 4b. Estimated topography around Sendai plain at
the time of AD 869 Jogan tsunami. This area
is gridded into 25 m interval for inundation
modeling. Locations of the tsunami deposits
(Sawai et al., 2007; 2008) and five profiles on
which simulation results are compared with
the deposits are shown. Ranks A and B refer
to probability of the Jogan tsunami deposits.



% MIBERFICIIT S 869 AFHBIHE OB S 21— 3 v

Model 3: d15W50

Model 2: Tsunami Eq.

Model 6: d3TW100

Model 5: d15W100

7

z

¥

&

/o

o

Model 9: SendaiBay Fault

Model 8: d31L100u10

Model 1: Normal Fault

0 100 200km
I —

Model 4: d31TW50

7

L

0

Model 7: d31L300

S K. BTV I~ IS LDYIAAN MG, TV 10 1TETIV 5 OFERE 15 fELIZb DO THME LT-.
Fig. 5. Initial sea surface displacements for models 1-9. Model 10 is not shown because its pattern is the same

as that of d15W100 (model 5).
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Fig. 6. Maximum sea surface displacements for models 1-9. Model 10 is not shown because its pattern is almost same
as that of d15W100 (model 5).
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Fig. 7. Maximum flow depth computed for models 1-10 and distribution of tsunami deposits (red or blue circles;
see Fig. 4a) in the Ishinomaki plain.
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Fig. 8. Maximum flow depths computed for models 1-10 and distribution of tsunami deposits (red or
blue circles; see Fig. 4b) in the Sendai plain.
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Fig. 9a. Profiles of topography and maximum water surface along three profiles in the

Ishinomaki plain. Distribution of tsunami deposit (Fig. 4a, Shishikura et al.,
2007) are also shown.
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Fig. 9b. Profiles of topography and tsunami maximum water surface along three profiles in the Sendai
plain. Distribution of tsunami deposit (Fig. 4b, Sawai et al., 2007; 2008) are also shown.
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Fig. 9c. Profiles of topography and tsunami maximum water surface along 2 files in the Sendai plain.
Distribution of tsunami deposit (Fig. 4b, Sawai et al., 2007; 2008) are also shown.
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