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

plains and Ukedo river-mouth lowland
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Abstract: An unusually large tsunami was generated by the AD 869 Jogan earthquake, off Miyagi
prefecture along the Japan Trench. The tsunami brought deposits on the Ishinomaki and Sendai plains,
both in Miyagi prefecture, and Ukedo river-mouth lowland of Namie Town, Fukushima prefecture.
Horizontal distance between the most inland tsunami deposit and the estimated past coastline is about
3 km in Ishinomaki plain, 3-4 km in Sendai plain, and 1.5 km in Ukedo area. We computed tsunami
inundation at these locations from two fault models of interplate earthquakes: one is a 100 km long fault
with 10 m slip (Mw=8.3) and the other is a 200 km long fault with 7 m slip (Mw==8.4). We also examined
four other fault models with variable fault depths and locations. In the simulation, artificial structures
such as breakwaters and reclaimed lands were removed from the present topography, and the coastlines
were modified to reproduce the topography at the time of the Jogan earthquake. Comparison of the
computed inundation areas with the distribution of tsunami deposits indicates that source of a 200 km
long fault with 7 m slip can reproduce the distribution of the tsunami deposits in both plains and Ukedo
river-mouth lowland.
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Table 1. Parameters of fault models of the Jogan earthquake examined in this study. The fault locations (longitude,
latitude, and depth) refer to the northeastern edge of the fault plane. Rigidity of 4 x 10" N/m” is assumed for

estimation of seismic moment (Mo).

N , o 7 = HA ~ ~0) EE— A
Tr WS AT WL ];/tc\pét:h Ligth Wrgzth ;tEril_l]‘?e ﬁgfpﬁ ﬁ—Ral?eﬁ 7 Sli?) ’ im&E:EMof o Mw
Model Fault type degN deg E m Kkm km deg deg deg m Nm
8  d31L100ul0 38.00  142.68 31 100 100 202 18 90 10 4x10% 8.3
10 d15L200u7 3824 14341 15 200 100 202 18 90 7 5.6x 10* 8.4
11 d31L200u7 3841 14291 31 200 100 202 18 90 7 5.6x 10 8.4
12 d31L100ul0s  37.59  142.45 31 100 100 202 18 90 10 4x10% 8.3
13 d15L100ul0 37.83  143.18 15 100 100 202 18 90 10 4x 10" 8.3
14 dI5L100ul0s 3742  142.95 15 100 100 202 18 90 10 4x 10" 8.3

13
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Table 2. Inundation distances (in km) along profiles computed for six models of the Jogan tsunami, compared with the
distances (in km) between the estimated coast line and the most inland tsunami deposits. 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. When the distance ratio becomes more than
1.0, it is assumed to be 1.0 for the calculation of average and standard deviation. The averages and standard deviations
shown in bold are the preferred models.

Distance from coastline, km
Tsunami Model 8 Model 10 Model 11 Model 12 Model 13 Model 14
deposit  d31L100ul0 d15L.200u7 d31L.200u7 d31L100ul0 d15L100ul0 d151.100ul0

Ishinomaki
WA 1.5 1.5 1.6 1.6 1.5 1.6 1.5
Al 33 34 3.0 3.8 2.2 2.2 2.2
Y 2.9 2.7 2.6 2.9 2.2 2.5 1.8
Sendai
a 2.8 2.9 2.9 32 1.7 2.8 1.6
b 2.1 3.1 3.1 34 2.1 2.9 2.6
c 4.0 35 3.8 39 3.0 34 3.1
d 2.9 34 34 3.6 3.0 3.2 2.8
e 2.0 2.6 2.7 2.7 2.2 2.5 2.3
Ukedo
U 1.4 0.9 1.5 1.5 1.5 1.5 1.5
Distance ratio ~ Average 0.93 0.97 0.99 0.86 0.93 0.84
(Sim./Dep.) Std. Dev. 0.13 0.04 0.01 0.17 0.12 0.19

H3E. ABHIED 6 HOETANORR LM EES (m) LRcbNEEOHBEHER OER (n) L O,

Table 3. The runup heights (in meters) along profiles computed for six models of the Jogan tsunami, compared with
the altitudes (in meters) of the most inland tsunami deposits. The lowest two lines indicate averages and
standard deviations of height ratio (simulated runup 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.

Altitude, m
Tsunami Model 8 Model 10 Model 11 Model 12 Model 13 Model 14
deposit  d31L100ul0 d15L.200u7 d31L.200u7 d31L.100ul0 d15L.100ul0 d15L100ulQ
Ishinomaki
WA 2.1 2.7 3.6 33 2.3 3.1 2.4
Al 1.7 1.9 1.7 2.1 1.3 1.4 1.4
Y 2.6 2.5 2.5 2.6 2.5 2.4 2.5
Sendai
a 2.0 2.4 2.4 2.6 1.6 2.1 1.6
b 1.4 2.5 2.5 2.8 1.5 2.2 1.5
c 2.8 2.0 2.1 2.3 1.2 1.7 1.4
d 2.5 35 32 3.8 2.5 2.9 2.3
e 3.0 4.0 4.1 4.1 3.1 3.9 3.2
Ukedo
U 4.6 4.2 7.1 49 6.7 49 8.9
Height ratio Average 1.19 1.29 1.33 0.96 1.11 1.03
(Sim./Dep.) Std. Dev. 0.32 0.36 0.35 0.28 0.30 0.39
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Fig. 2. Computatlonal areas for tsunami numerical simulation for Fukushima prefecture. Grid sizes are 2,025 m (Area A),

675 m (Area B), 225 m (Area C), 75 m (Area D), and 25 m (Area E); smaller grids used near coasts. For the
Ishinomaki and Sendai plains, see Satake et al. (2008).
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(a) A present topographic map and
locations of tsunami deposits at Ukedo

(b) An estimated past topographic map at Ukedo
' : - 0" o —"D

Altitude t

[] -10~5m
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B 01

0 1-2

] 2~25

[] 25~3

[ 3~4

0 4~5

4 [] 5~10

Sl 10~
NC)

Present coast lines
Estimated past coast lines

3. () MRSBFDEERRRITHTRE P HIXIZ 31T 5 ABLERR O HERI A R0 7
N (FRAL) (4IR-fth, 2008) . [ELHIBEREFETTO 2 75 5 T30 1 Hif R [
WORHE] A, (b) & R ULas P HL XS0 o0 HABLY IRy O HEXE #UE (B -]
@25 m). HRUIBIEOMHFRARL, AV URUTHERE L7z HBLH I Y
REOUWREARONL B A KT

Fig. 3. (a) Locations of the Jogan tsunami deposit at Ukedo, Namie town, Fukushima
prefecture are shown by red circles (Imaizumi et al., 2008). Topographic map
“Iwaki-Futaba” published by Geospatial Information Authority of Japan is
used. (b) Estimated topography of Ukedo at the time of AD 869 Jogan
tsunami. Blue and orange lines indicate the present coastline and the coastline
at the time of AD 869 Jogan tsunami, respectively. This area is gridded into
25 m interval for inundation modeling.
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Fig. 4. Initial sea surface displacements for each model.
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Fig. 5. Maximum sea surface displacements for each model.
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Model 11: d31L200u7

5km

pilny N
Fry o]

Model 14: d15L100u10s

Jogan tsunami deposits: @ == RankA o RankB e == Undetected

H TR, BETMEDNE TR DR RIR KT L ERHERE) D531, 7a”, 7b”, 7c”, 7d”,
BLOe” LR LEMITFE DK, Foc, H10K, BIOFE I KITRT
itz

Fig. 7. Maximum flow depth computed for each model and distribution of tsunami deposits
(red or blue circles) in the Sendai plain. Solid lines of “a”, “b”, “c”, “d”, and “e”
indicate profiles in Figs. 9b, 9¢c, 10, and 11. Red and blue circles indicate locations
of assured (Rank A) and possible (Rank B) tsunami deposits of the Jogan tsunami,
respectively. Black circles indicate excavated points where tsunami deposits are
undetected.
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Ishinomaki
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Distance from coastline, km

B 9alX. AEVEO 3 PIRHA O OHIY - HRE KNI, HRHERO A0 (KA -
fill, 2007) &Y. HEEHEREIIR G IEWVER EOMTHREZ LTV D7), H
BHER ONLEDIR & L TR RO H B0 8 5.

Fig. 9a. Topography and maximum water surface along three profiles in the Ishinomaki
plain. Distribution of tsunami deposit (Shishikura et al., 2007) is also shown.
Because the locations of tsunami deposit are projected on the profiles, altitude of
the deposits does not always indicate the actual altitude.
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Fig. 9b. Topography and maximum water surface along three profiles in the Sendai plain.
Distribution of tsunami deposit (Sawai et al., 2007; 2008) is also shown. Because the
locations of tsunami deposits are projected on the profiles, altitude of the deposits
does not always indicate the actual altitude. Red and blue bar indicates range of
multiple assured (Rank A) and possible (Rank B) tsunami deposits, respectively.
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Topography and maximum water surface along two profiles in the Sendai plain.
Distribution of tsunami deposit (Sawai et al., 2007; 2008) is also shown. Because the
locations of tsunami deposits are projected on the profiles, altitude of the deposits does
not always indicate the actual altitude. Red and blue bar indicates range of multiple
assured (Rank A) and possible (Rank B) tsunami deposits, respectively.
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Fig. 9d. Topography and maximum water surface along a profile in Ukedo. Distribution
of tsunami deposit (Imaizumi ef al., 2008) is also shown. Because the locations
of tsunami deposits are projected on the profiles, altitude of the deposits does
not always indicate the actual altitude.
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Fig. 12. Calculated astronomical tide level at Soma, Fukushima
prefecture, at the time of the Jogan earthquake. Occurrence
of the earthquake is considered to be in the night, as shown
by the double-headed arrow in red.

3%, BIEHERE O T o OFFE JOWE LSRR b OREBEO FEHRICLES, T fth (2008) D 2 KOWETHR.
FUBHSE O 10 HOE TV BEE LIZRIKIERE (km) &b NBEDOALE & DA 2K

Appendix table. Revision of Table 2 in Satake et al. (2008) associated with the re-estimation of reliability of the Jogan tsunami
deposits. Inundation distances (in km) along profiles computed for 10 models of the Jogan tsunami, compared with the
distances (in km) between the estimated coast line and the most inland tsunami deposits. 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. When the distance ratio becomes more than 1.0, it is assumed to be 1.0
for the calculation of average and standard deviation. The averages and standard deviations shown in bold are the preferred
models.

Distance from coastline, km

Tsunami Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10

Site deposit  Normal fault Tsunami eq. d15W050  d31W050  dI5SWI100  d31W100 d31L.300 d31L100ul0 Active fault d15W100u7
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 33 0.0 0.0 2.2 2.2 2.2 2.2 2.2 3.4 0.0 3.0
Y 2.9 0.0 0.0 1.3 1.3 1.5 1.7 1.3 2.7 0.0 2.6
Sendai
a 2.8 0.0 0.9 1.6 1.3 1.8 1.8 1.3 2.9 0.0 2.9
b 2.1 0.0 0.9 2.1 1.2 2.6 2.6 1.2 3.1 0.0 3.1
c 4.0 0.0 1.6 3.0 2.8 3.0 3.1 2.9 35 0.2 3.8
d 2.9 0.2 1.6 2.0 1.9 2.8 3.0 1.9 34 1.7 34
e 2.0 0.0 1.3 1.6 1.4 2.2 2.2 1.4 2.6 0.8 2.7
Distance ratio  Average 0.01 0.31 0.66 0.56 0.82 0.83 0.65 0.97 0.14 0.97
(Sim./Dep.) Std. Dev. 0.02 0.26 0.21 0.14 0.19 0.18 0.18 0.05 0.23 0.04
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