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Laboratory experiment study on the building relative angle against tsunami 
waves 

Nguyen Xuan Tinh1, Yuta Mitobe2, Hitoshi Tanaka3 

1. Introduction 
Tsunami inland penetration with strong inundation flow causes damage to infrastructures, forests, buildings 

and humans. The current design standards for building are considered to resist to an extraordinary lateral load 
induced by seismic action or strong winds. However, the coastal buildings are rarely designed to withstand 
hydrodynamic forces. Tsunami wave forces on buildings are highly variable and depend on both the wave 
conditions and the type of structure being considered. There several laboratory experiments have been 

conducted to investigate the impact of dam-break and tsunami-like bore waves on structures such as Chanson 
[2006], Matsutomi and Okamoto [2010] and Wuthrich et al. [2016]. However, most of studies were either 
concentrated on a vertical wall building or building with percentage of porosity. There are no studies on the 
impacts of both dry and wet bed tsunamis on the building which has relative angle to the incoming waves. 
Therefore, the cause and mechanisms of tsunami-induced forces on such buildings under extreme loading are 
still remained challenging to further investigation. The main objective of this study is to insight identify the 

mechanisms of the interaction between tsunami waves and buildings with both of different wave conditions and 
building conditions by a series of laboratory experiments. The outcome results might help to better design or 
plan for the coastal residents buildings against the tsunamis wave impacts in the future.

2. Experiment setup and methodology 
Figure 1 is the sketch of current laboratory experiment setup. The tsunami like-waves are generated using the 

vertical sudden release technics of a water volume from a higher head to a lower channel on a dry-bed and 

wet-bed conditions. This technic is similar to the dam-break experiments that have been carried out by many 
other researchers such as Chanson et al. [2006], Lukkunaprasit et al. [2009], Meile et al. [2013] and Wüthrich et 
al. [2017]. The wave propagates on a horizontal smooth channel with a total length of 14.6m and a width of 

0.3m. The buildings with a height of  = 0.3m and width of 0.1m were located in 11m from the 
release gate. The blockage ratio  is sufficient to avoid the wall side effects to the building. A 

video camera was setup to measure the water level around the building. There are four ultrasonic water level 
sensors with a high frequency of 100 Hz were setup to measure the details of tsunami wave height during the 
experiments. The water level signal post-processing is able to compute the wave front celerity (U) of 
propagating tsunami waves. The wave propagating on a dry bed can represent for the first incoming tsunami 
wave, whereas a wet bed bore may represent any following inundation wave. These both phenomena are 
important since past tsunami inundation events showed that the maximum resulting force may not always be 
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associated with the first incoming wave-induced inundation. Figure 2 are some preliminary tests of dry-bed 

surges and wet-bed bores on a vertical building.  

 
Figure 1. Experiment configuration sketch 

 
Figure 2. Laboratory tests of dry- and wet-tsunami waves 

The main objectives of the current laboratory experiment tests are to analyze the tsunami load on the 
buildings which have different angles to the incoming wave. Therefore, there two group of tests were conducted. 
Firstly, the group tests are conducted without the presence of building to investigate the generated dry- and wet- 
tsunami wave characteristics such as wave height, wave front celerity. The second tests are done with the 
building. 

3. Results and discussions 
3.1. Generated tsunami waves characteristics 

The detailed tsunami wave profiles were measured from four different water sensor devices along the channel. 
The consecutive distances between each water level gauges from the WG-01 to WG-04 are 32cm, 28.5 cm, and 
30.5cm respectively. The time series of the wave profiles for the wet-bed (Run 01) and dry-bed (Run 06) are 
presented in Figure 3. The tsunami wave height in the wet-bed cases seems always higher than in the dry-bed 
cases. Based on the time occurrence of water level in each water gauge, the tsunami front celerity (U) is 

calculated and shown in Table 1. The averaged front celerity of the wet-bed and dry-bed cases is equal to 1.4 m/s 
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and 1.1 m/s, respectively. Based on these wave front celerity (U), both the Reynolds (Re) and Froude (Fr) 

numbers of the flow were calculated using the expressions presents in Table 1, where D is the hydraulic diameter, 
ν the kinematic viscosity of water, g the gravity constant and hmax the maximum water depth. The relatively high 
values of the Reynolds number for both wet and dry beds indicate a high level of turbulence inside the wave. For 
all of cases, the Froude number is greater than 1 implying that the flow is supercritical or rough regimes. For the 
dry bed, higher values of the Froude number were greater than 2.0 indicating the flow behind the wave front in 
these cases were saturated with advected eddies (Yeh [2007]). 

 

Figure 3. Measurement results of wet-bed and dry-bed tsunami wave height from 4 ultrasonic water level 
sensors 

 
Table 1: Experiment testcases without the presence of building 

 Bed condition  
(cm) 

 
(cm) 

 
(cm) 

U 
(m/s)   

Run 01 Wet, h0 = 5cm 15 10.9 5.9 1.5 3.67E+05 1.4 
Run 02 Wet, h0 = 5cm 15 12.2 7.2 1.2 3.30E+05 1.1 
Run 03 Wet, h0 = 5cm 15 10.9 5.9 1.6 4.07E+05 1.6 
Run 04 Wet, h0 = 5cm 15 12.4 7.4 1.4 3.69E+05 1.2 
Run 05 Wet, h0 = 5cm 15 12.4 7.4 1.3 3.53E+05 1.2 
Run 06 Dry, h0 = 0cm 15 3.0 3.0 1.2 1.13E+05 2.1 
Run 07 Dry, h0 = 0cm 15 3.0 3.0 1.1 1.12E+05 2.1 
Run 08 Dry, h0 = 0cm 15 3.0 3.0 1.1 1.03E+05 2.0 
Run 09 Dry, h0 = 0cm 15 3.0 3.0 1.1 1.08E+05 2.0 
Run 10 Dry, h0 = 0cm 15 3.0 3.0 1.1 1.07E+05 2.0 

 
3.2. Impacts of tsunami wave on the buildings 

In order to investigate the impact of tsunami on the building, four cases were setup and tested with the same 
initial conditions of the tests in section 3.1. For the wet-bed cases, the initial water depth is set to 5cm. For each 
bed condition cases, the building was tested by changing the angle to the incoming wave from 90o to 45o. Table 
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2 is summarized of all experiment building testcases. Figure 4 shows an example of some snapshots of water 

surface variations during the experiments. In general, from these data analysis, the dry bed and wet bed tsunami 
had a different characteristic. Dry bed cases are characterized by non-aerated front followed by the increasing of 
flow depth, while wet bed cases show a sudden increase in wave height with stronger turbulent aerated roller 
front. A very high splash was obtained during the wet-bed cases when the building is directly faced to the 
incoming wave Case 03 (Figure 4b). These results are also indicated that the different mechanisms of 
tsunami-induced forces on the angled buildings during the dry- and wet-bed tsunami wave and needed to further 

clarify in this study. 
Table 2: Experiment of building testcases 

 Bed condition 
Building condition 

Width, B (cm) Height, Hb (cm) α (DEG) 
Case 01 Dry, h0 = 0cm 10 30 90 
Case 02 Dry, h0 = 0cm 14 30 45 
Case 03 Wet, h0 = 5cm 10 30 90 
Case 04 Wet, h0 = 5cm 14 30 45 

 

 

Figure 4: Snapshots of the water surface variations for four Cases 
 

3.3. Vertical run-up height on building 
The information of vertical run-up height on the building is important information for estimate the impacts of 

tsunami. The vertical run up heights, , which were measured by the video camera from four Cases, are 
compared with the maximum wave profile  measured without the building for both a dry bed and a wet 
bed (Figure 5). This ratio implies that the relatively maximum run-up height on the building compare to the 
maximum wave height without the building. For the dry bed, the maximum run-up height on both α =90o and α 

= 45o cases show about 3 times higher the maximum wave height without the building. However, for the wet bed 
cases, the larger initial impact by the run-up splash caused the run-up height is approximately 5 times compare 
to the maximum wave height without the building during the Case 03 (Figure 5b). Overall, the run-up height on 
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the α = 45o building are higher than on the α = 90o building case for the dry bed tests and lower for the wet bed 

case. 

 
Figure 5. Vertical run-up height (a) Case 01: Dry-bed, (b) Case 03: Wet-bed  

3.4. Estimation of tsunami horizontal forces 

During the tsunami wave impact, the horizontal force  component is more dominant so the estimation if 
tsunami horizontal forces is needed to ensure the survival of building during the extreme event. The estimation 
of the horizontal force produced by a flow against a structure can be predicted using the method proposed by 
Morison et al. [1950]. This Morison formula was taking into account a hydrodynamic component (or drag 
component) and an inertia component. However, the inertia component can be neglected due to the long periods 
of tsunami wave. The equation of hydrodynamic component in the x direction is expressed as, 

      (1) 

where  is the water density, B the building width, h the flow height and U the wave front celerity,  is drag 
coefficient depending on the obstacle geometry and on the flow conditions. 

According to Blevin [1984] the values of drag coefficient  for 45-angled and 90-angled cube equals to 
0.80 and 1.15, respectively. Wuthrich et al. [2017] proposed a similar formula but using the difference resistance 

coefficient  instead of drag coefficient  to consider to the hydrostatic pressure difference between the 
back and front of the building. However, he used the measured wave height without the structure and 
depth-averaged current velocity for the calibration and the best agreement obtained as  = 2 with his 
experiments. For our preliminary analysis of the tsunami horizontal forces in this study, we utilize the traditional 
Morison formula for the calculation. The comparison results of horizontal forces, , for the dry bed (Case 01) 
and wet bed (Case 03) are shown in Figure 6. The red-line is a time evolution of the horizontal force without the 

presence of building which used the wave height measured from the water gauge; the blue line is the force acting 
on surface of building which has α = 90o to the incoming waves; and finally the pink line is the force on building 
as α = 45o.  

In general, the horizontal tsunami induced forces in the wet-bed cases are larger compared to the dry bed 
tsunami cases. It is obviously that the calculated horizontal forces by the wave run-up height on the building are 
much higher than in case of without the presence of building. During the dry bed tsunami tests, the horizontal 

force on the rotating building (α = 45o) was higher than in the test when the building is directly faced to the 
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incoming tsunami waves (α = 90o). However, there was a distinguish difference for the wet bed cases. The 

maximum of horizontal force was associated with the maximum of splash height at the initial stage when 
tsunami wave impacted to the building during the case of building angle α = 90o. Whereas, a similar the splash 
mechanism was not obtained as the building rotated 45o to the income wave direction (Figure 6b) 

 

Figure 6. Tsunami horizontal forces (a) Case 01: Dry-bed, (b) Case 03: Wet-bed  
 

4. Conclusions 
A series of laboratorial experiments on the building relative angle against tsunami waves were conducted. The 

building conditions are tested with both dry bed and wet bed conditions. The propagating wave on a dry bed can 
represent for the first incoming tsunami wave, whereas a wet bed tsunami may represent any following 

inundation wave. The results from this study indicate that although the hydraulic head, , is set the same for 
both dry and wet bed conditions but the wave height at the measurement points are not the same. The wave 
height in the wet bed condition is always larger compared to the dry bed cases. To access the tsunami impacted 
forces on the building, this study assumed to use the wave front celerity and water level as inputs conditions. The 
results have shown that the building relative angle against tsunami waves can help to reduce the force on the 
building during the wet bed tsunami. However, a further detailed measurement of the run-up height, velocity 

field and force measurement in front of building are needed for more reliable estimation of tsunami induced 
forces on the building. 
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*Tsunami damping effect of Teizan Canal with restoration cross-section against 2011 Tohoku Earthquake 
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*Hydraulic model test on tsunami force acting on cylindrical structures by Hiroki Kameya, 
Kosuke Sato, Yasushi Uematsu, Naofumi Teramoto, and Akihiko Obata 
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* Investigation of Tsunami Forces acting on Floating Type Tsunami Shelter and Motion Characteristics by 
Yuuta Kunii and Kazuya Watanabe 
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*Study on wave force of Tsunami by Mai Sasaki and Mikio Sasaki 
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*Flood deposits recorded around the Narusawa River, Tsugaru Peninsula by Junki Kaji, 

Rina Okada, Koji Umeda, Masataka Ishida, Miki Uchidate, Takanobu Kamataki 
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*Event deposits recorded the Lake Jusanko, Tsugaru Peninsula by Rina Okada, Junki Kaji, Koji Umeda, 
Takanobu Kamataki, Masataka Ishida, Miki Uchidate 
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*  Erosion mechanism of Ba Lang Beach located in Nha Trang, Central Vietnam, Hitoshi Tanaka, Nguyen Xuan Tinh, Nguyen Trung Viet, Yuta 

Mitobe and Nguyen Thai Binh   

Northern Coast

73東北地域災害科学研究　第54巻（2018）



2015 6 2016 12 UAV

Google Earth
 

 

 
2015 6 (a)

950m UAV

(b)
 

 
 
 
 

 
 
 
 
 

 

(a) 2015 6 14                            (b) 2016 12 23  
 

 
 

Google Earth  (x, y) 
x 2002 4

(a) (b) 2003 8

(c) 2014 7
(b)  
Google Earth 2002

x 200m x 1300m
 

2 y 40m

 

  

74



 

 
 
 
 
 

(a) 
 
 
 
 
 
 
 

(b) 
 
 
 
 
 
 
 
 

(c) 
Google Earth  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Google Earth   

0 200 400 600 800 1000 1200 1400 1600
200

240

280

320

360

y 
(m

)

x (m)

 3/24/2002  4/4/2002  8/13/2003
 9/3/2007  1/22/2012  12/8/2012
 3/26/2013  6/29/2013  2/1/2014
 2/28/2014  3/3/2014  7/3/2014

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
100

200

300

400

500

y 
(m

)

7/3/2014

x (m)

75



 
 

 

 

 

 
1 2   

-30
-15

0
15
30 (b) Shoreline change area

y(4/2002)-y(3/2002)

(a)

-30
-15

0
15
30

(-) retreated
y(8/2003)-y(4/2002)

(+) advanced

-30
-15

0
15
30

y 
(m

)
y 

(m
)

y 
(m

)
y 

(m
)

y(3/2007)-y(8/2003)

y 
(m

)

y 
(m

)
y 

(m
)

y 
(m

)
y 

(m
)

y 
(m

)

(c) (d)

-30
-15

0
15
30

y(1/2012)-y(3/2007)

-30
-15

0
15
30

y(1/2012)-y(3/2007)

(e) (f)

-30
-15

0
15
30

y(8/2012)-y(1/2012)

-30
-15

0
15
30

y(3/2013)-y(8/2012)

(g) (h)

-30
-15

0
15
30

y(2/2014)-y(6/2013)

200 400 600 800 1000 1200 1400 1600
-30
-15

0
15
30

y(3/2014)-y(2/2014)

x (m)

(i) (k)

200 400 600 800 1000 1200 1400 1600
-30
-15

0
15
30

y(7/2014)-y(3/2014)

x (m)

New waterline

Longshore sediment movement

Equilibrium shoreline

x

y

76



 

 
 

1 2 = 1- 2

x   
(a)

 
(b) x=500m

(c)
 

x=500m divergent location
(c)

 

 

(a)

(b)

(c)

-45

-30

-15

0

15

30

45

0 200 400 600 800 1000 1200 1400 1600
-15

-10

-5

0

5

10

15

0 200 400 600 800 1000 1200 1400 1600
200

240

280

320

360

y 
(m

)
(d

eg
.)

 

 3/24/2002  4/4/2002  8/13/2003  9/3/2007  1/22/2012  12/8/2012
 3/26/2013  6/29/2013  2/1/2014  2/28/2014  3/3/2014  7/3/2014

Standard deviation

Divergent location

x (m)

x (m)

1
2 (

de
g.

)

 Averaged shoreline angle changes

longshore sediment movement 

 Equilibrium shoreline
         New shoreline

77



 
 

 
 

 

 
"Investigate morphodynamical processes and propose applied solutions to recreate and 

upgrade the Nha Trang coast, Khanh Hoa province in the context of climate change" Thuy Loi Nguyen Trung 
Viet  
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*Hydrodynamic simulation in a stratified reservoir by Naito Yuta,Makoto Umeda 
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*Investigation of Multiple Regression Analysis of Influences of River Discharge and Waves on the Fluctuation 
of Sandbar in Yoneshiro River by Yusuke Horii and Kazuya Watanabe 
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*Study on recovery process of river mouth sandbar using UAV in Omono River by Kazuya Noguchi and 
Kazuya Watanabe 

UAV * 

 

 

29 7 22

25 8 7 25
25 957 1)

2)

 

UAV
 

4710km2 133km

2.1km  

101東北地域災害科学研究　第54巻（2018）



UAV 2 7 24

B P1

7 24 11 27 19 UAV
7 29 12 20 8

UAV UAV UAV
 

7 24 11 27
19

B

102



1 1
8 24

UAV

B

 
7/29 8/3)

 
9/11) 11/27

103



12/20

3 4

1

2

3

4

4

8/28 (9/4
1)                   2  

104



 

10 (9/11)                  11 (10/19) 
      2                            4  

11/27)

3

UAV

 
 

1
2 4

3 1  

1 

2 

3 

4 

7/24 8/13 9/2 9/22 10/12 11/1 11/21 12/11 
Date 

105



UAV LR

UAV
8

2
UAV

4

1 950 100  

  <https://www.asahi.com/articles/ASK7T5TRGK7TUBUB01N.html> 2018 1 22  
2 Nguyen Trong Tu

52 pp.586-590 2005 
3

42 pp.566-570 1995 

50 
55 
60 
65 
70 
75 
80 

7/4 7/24 8/13 9/2 9/22 10/12 11/1 11/21 12/11 

L R
 

Date 

106



* Estimation for intrusion of salt water in estuary by Kunugi Satoshi, Mikio Sasaki and Yuto Jyumonji 

 
 
 

1  

Sasaki, Tanak and Umeda (2009,2012,2015)
 

2  

Sasaki, Tanak and Umeda, 2009)  

 

z
cD

zy
cD

yx
cD

xz
cw

y
cv

x
cu

t
c

zyx
)()()(

           1  

 

 

c
t

u c
x x

D c
x z

D c
zx z

( )
                   2  

107東北地域災害科学研究　第54巻（2018）



 
 

x
c

D
x

q
x

c
u

t
c k

kxk
k

k
k

 

x
cuCq z (  

 

ulD xx (5  

 

 
                                               6  

 
7  

 

2

2

x
cul

x
cuC

x
cu

t
c

xz 7  

 
8  

 

2

2

)1(
x
cul

x
cuC

t
c

xz 8  

 

)(),(')(),( tutxututxu

108



1113 )}exp(1{ CCCc     during backflow                       (9)  

 

121 )exp( CCCpc        during seaward flow                      (10) 
 

 

oo

t

o lXlxldtu /// 01201        

 

 
0  when    ξ<0            

 

 
 

)exp())(1)()(()exp())(1)(( 1113
2

1113
1 CCuCu

l
CCu

l z
oo

                      

)exp())(1)(()( 1
2

113
22 CCul

l x
o

 (13) 

 
 

 

1
2221 )()1( x

o
z

oo

l
l

C
ll

                                           14  

 

109



x
o

z
oo

l
l

C
ll

22

21

1

)(

)1(
                                                 15  

10 8  
 

)exp())(()(

)exp())(()1()exp())((

2
2

21
22

221
2

221
1

CCul
l

CCuC
l

CCu
l

px
o

pz
o

p
o 16  

 
,  

 

2
2221 )()1( x

o
z

oo

l
l

C
ll

                                           (17)

 

x
o

z
oo

l
l

C
ll

22

21

2

)(

)1(
                 (18)

21 21                                            (19)

3  

110



 

(a) 120 126  
 

 

 

(b) 90 126  
 

 
 

(c) 30 126  
 

111



9 & 10 1
7 7 30 8 7

 
4  

 

Sasaki,Tanaka and Umeda  
 

 

[1] Mikio Sasaki, Tanaka H. and Umeda M. 2009. Theory on Salt Water Movement in River Mouth, Proc. 33th IAHR 
Congress, Vancouver, Canada, 9-14 August, CD-ROM, D3 No5, pp.4158-4165. 

[2] Mikio Sasaki, Tanaka H. and Umeda M. 2012. Prediction of Salt Water Movement in Iwaki River Mouth, Proc. 4th 
International Conference of Estuary and Coast, 8-11th October, Hanoi, Vietnam, CD-ROM, pp.164-173. 
Mikio Sasaki, Tanaka H. and Umeda M. 2015. Spatial-Temporal Fluctuation of Salinity in Lake Jusan, E-
proceedings of the 36th IAHR World Congress, The Hague, the Netherlands, CD-ROM, 28 June – 3 July, 2015, 9G 
No4(Wednesday 1 July 2015). 

 
 

Sasaki, Tanaka & Umeda  

2015  

112



*Investigation on brackish water environment of Lake Ogawara Brine behavioral 
characteristics in lake mouth- by Yuto Jumonji, Mikio Sasaki and Satosi Kunugi 
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River delta formation in response to the effect of boundaries located at a 
distance from the river mouth  

 
Dinh Van Duy1, Hitoshi Tanaka2, Yuta Mitobe3, and Nguyen Trung Viet4 

 

Abstract: A comparison has been 
made between two analytical solutions 
of Larson et al. (1987) and Tanaka et al. 
(2017) to observe the effect of the 
boundary to the formation process of a 
river delta. Measured shoreline 
positions at Funatsu River delta in Lake 
Inawashiro between 1982 and 2015 
were also used to validate the analytical 
solution of Tanaka et al. (2017). 
1. Introduction 

 The river deltas have been 
recognized as natural resources for the 
activities of human beings (Refaat, 
1990). However, substantial changes of river delta coastlines have been reported globally in the recent 
years (Uda, 2010; Viet et al., 2015; Ali and Elmagd, 2016; Fan et al., 2018). Therefore, studying the 
evolution of delta coastlines is crucial since it provides essential information for understanding the 
coastal response to many complex processes (Jones et al., 2009).  

Coastal scientists and engineers have long sought a robust and practical methodology for the 
prediction of shoreline change along sandy beaches (Davidson et al., 2013). In which, the 
conservation-of-sand-volume approach, also known as the one-line approach, has remained the preferred 
model for simulating long-term shoreline evolution (Thomas and Frey, 2013). Since the first 
mathematical model of Pelnard Considere (1956), numerous models have been developed with various 
approaches and approximations.  

In order to rapidly and economically estimate the formation process of the river delta shorelines 
owing to river-borne sediment (q0), Larson et al. (1987) introduced an analytical solution derived from a 
simplified equation of one-line model. This analytical solution is applicable for infinite river delta 
shorelines (Figure 1). In which, x is the alongshore distance and y is the offshore distance. In reality, 
however, a delta shoreline is always limited in an extent between the river mouth and a boundary (e.g., 
coastal structures, headlands). Therefore, Tanaka et al. (2017) provided another analytical solution which 

waves

y
x

0

q0
- +

y

x
0 LL

yc
boundary boundary

Figure 1. Schematic diagram of infinite delta shorelines
(Larson et al., 1987). 

Figure 2. Schematic diagram of infinite delta shorelines 
(Tanaka et al., 2017). 
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is useful for studying the formation processes of river deltas with finite shorelines as shown in Figure 2. 
In which, yC is the maximum shoreline position determined as a distance between the x-axis and the 
delta’s tip, L is the length of the delta shoreline. 

Although experimental data was used to validate the analytical solution of Tanaka et al. (2017), there 
is no application of this solution to a specific study area. In order test the applicability of the solution 
provided by Tanaka et al. (2017), this study will utilize measured data at Funatsu River delta in Lake 
Inawashiro. Before validating, a theoretical discussion will be made to observe the characteristic change 
of delta shorelines in response to the effect of a boundary located at the distance L from the river mouth. 
2. Study area and data collection  
 This study will take Funatsu River delta in Lake Inawashiro as a case study. An outline of Lake 
Inawashiro is shown in Figure 3. As can be seen from Figure 3, shoreline on the left of Funatsu River 
mouth is finite due to the existence of a pier. Therefore, this shoreline is suitable for applying the solution 
of Tanaka et al. (2017). In addition, a photo taken in the field trip on Nov 10, 2017 clearly shows the effect 
of the boundary to shoreline orientation. In which, the shoreline is almost a straight line near the boundary. 
 A series of aerial and satellite images from 1982 to 2015 in Funatsu River delta will be used for the 
analysis. All the images are rectified to a same coordinate system.  

Figure 3. The outline of Lake Inawashiro and effect of the boundary on the left shoreline at 
Funatsu River mouth. 
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3. Results and discussion 
3.1. Analytical solution for the formation processes of finite river delta shorelines 

The development process of a river delta bounded by two structures (Figure 2) was discussed using 
the approach of the one-line model with the simplified governing equation (Larson et al., 1987):  
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Here t is the time,  is the diffusion coefficient. 
With reference to the solution for heat conduction provided by Myers (1971), Tanaka et al. (2017), 

derived a new analytical solution of finite shoreline change based on Eq. (1) as: 
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In which, the dimensionless representations of the shoreline position y, alongshore distance x, and time t 
are as follows.  
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In order to make a comparison, the analytical solution provided by Larson et al. (1987) is also 
transformed into the dimensionless form using the dimensionless quantities in Eqs. (3), (4), and (5).  
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Here, erfc is the complementary error function. 
Figure 4 shows the shoreline positions plotted using Eqs. (2) 

and (6). Since the solution is symmetric with respect to the 
y-axis, the solution for only one side of the symmetry line is 
displayed. As can be seen from the figure, when the 
dimensionless time t* is smaller than 0.1, Eqs. (2) and (6) are 
perfectly consistent. Around t*=0.2, a difference starts to appear 
at the right end boundary. However, there is no difference at the 
river mouth. Thereafter, the difference between the two 
solutions has expanded, and the influence of the boundary can 
be observed clearly. After t*=0.4, the shoreline of parabolic 
shape is moving forward in the offshore direction.  

Figure 4. Shoreline evolutions with 
and without effect of the boundary 
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In order to investigate the effect of the boundary with the pass 
of time, shoreline evolutions at the river mouth and the boundary 
will be plotted.  

By substituting x*=0 into Eq. (2), the shoreline position at the 
river mouth y0* can be expressed as a function solely of time t* 
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It is already observed in Figure 4 that when t* is small, there is 
no effect of the boundary and the shoreline positions can be 
described using the analytical solution as in Eq. (6). Therefore, 
when t* is small, the shoreline evolution at the river mouth (x*=0) 
is represented as:  

  
*

*
0 2 ty  (8)  

Shoreline evolutions at the river mouth expressed in Eqs. (7) 
and (8) are plotted in Figure 5. As can be seen in this figure, the 
transition time indicating the effect of the boundary occurs near 
t*=0.3. Since then, the effect becomes clear which indicated by the 
slopes of the blue and red lines. 

Continuing with the comparison, shoreline evolution at the 
boundary will be investigated. At the boundary, x=L or x*=1, Eq. 
(2) becomes: 
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And Eq. (6) becomes: 
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 Figure 6 shows the shoreline evolutions at the boundary presented by Eqs. (9) and (10). The difference 
in these two equations can be seen around t*=0.1. Taking the boundary effect into consideration, this 
boundary blocks the sediment and causes the shoreline to advance more rapidly (blue line).  
3.2. Validation of the new analytical solution 

In order to validate the new analytical solution using shoreline data at Funatsu River delta, Eq. (3) is 
transformed into dimensional form as: 
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Figure 7 shows the evolution of the Funatsu River delta from 1982 to 2015 and the coordinate system 
used in the analysis. From several photos in Figure 7, it can be seen that there is no delta shape in 1982 at 

Figure 6. Shoreline evolution 
at the boundary 

Figure 5. Shoreline evolution at 
the river mouth 
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Funatsu River mouth. Therefore, the year 
1982 is used as the initial year from which the 
delta started to form owing to sediment supply 
from the river. Using the “delta-fitting” 
method presented by Duy et al. (2016) and 
replacing the equation provided by Larson et 
al. (1987) by Eq. (11), the parameters required 
for delta simulation at the Funatsu River delta 
are obtained in Table 1. Figure 8 shows the 
final result of the fitting process. In which, the 
values of q0 and  in Table 1 are changed to 
simulate different shoreline positions using 
Eq. (11). The simulated shoreline positions 
are compared with the measured shoreline in 
1982. The root-mean-square error (RMSE) is 
calculated and the fitting process will stop 
when the smallest values of RMSE is obtained. 
In this case, RMSE=1.92 m.  

After confirming the values of and q0, the 
parameters in Table 1 are used to simulate the 
formation process of the Funatsu River mouth. 
In this step, the simulation is done using both 
(i) the new solution with the effect of the 
boundary (Eq. 11) and (ii) the solution 
provided by Larson et al. (1987). The 
shoreline evolutions near the boundary 
(x=-480 m) are compared between the 
simulated results and the measured data to see 
the effect of the boundary as shown in Figure 
9. As can be seen from the figure, the new 
solution (blue line) shows better agreement 
with the measured shoreline positions near the 
boundary (x=-480 m). This result indicates 
that the new analytical solution (Eq. 11) is 
applicable for studying the formation 
processes of finite river delta shorelines. 
4. Conclusions  

Comparison between two analytical 
Figure 9. Shoreline evolutions at x=-480 m.  

Figure 8. Fitting the measured shoreline and the 
theoretical shoreline to estimate q0 and  

Figure 7. Evolution of Funatsu River delta and 
coordinate system used in the analysis. 

Table 1. Parameters used for delta simulation at 
Funatsu River delta 
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solutions provided by (i) Larson et al. (1987) and (ii) Tanaka et al. (2017) has been made to figure out the 
effect of boundaries to the formation processes of river delta shorelines. Using dimensionless forms, t*=0.1 
and t*=0.3 are determined as the demarcations for the boundary to take effect at the river mouth and at the 
boundary, respectively. Using measured data, it can be said that the analytical solution provided by Tanaka 
et al. (2017) is suitable to examine the formation processes of finite river delta shorelines.  
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*Characteristics of victims caused by heavy rainfall disasters on 2017 by Motoyuki Ushiyama and Saki 
Yokomaku 
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* Features and problems of flood inundation occurred at the Omono River caused by the Akita torrential rainfall in July, 2017 
  by Hideo MATSUTOMI and Fumiko KONNO 
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*Analysis of rainfall pattern that caused damage to cut slopes of expressway in Tohoku district by Natsumi 
Haga, Jongkwan Kim, Tadashi Kawai, Motoki Kazama, Kazuyuki Nagao, Kouki Sawano, Takuya Takahashi 
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*Study on Numerical Simulation the Flood in Babame River Caused by Akita Heavy Rainfall in July 2017 
and Damage of the Embankment by Kotaro Ueki and Kazuya Watanabe. 
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*Snow characteristics in Hakkoda mountain terrain by Mizumoto Ryota and Sasaki Mikio 
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*On the Mechanism of Surface Collapse on the Cut Slope nearby Hachinohe Area by Kentaro Mori,  
Hikaru Sakashita, Yutaka Hashizume and Kenji Kaneko. 
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* The relationships between harbor channel sedimentation and long period waves by Takehito Horie, et.al. 
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*Investigation of vertical ultimate strength of gymnasium in Akita prefecture by Akihiko Obata and Tetsuya Nishida. 
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*Effect of building height on characteristics of fluctuating wind force acting on canopies by Tomoki 
Hatekeyama, Kosuke Sato, and Yasushi Uematsu 
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* Evaluation of wind resistance of roof frame joints of old wooden houses in snowy cold regions by Sachiko 
Yoshida, Konno Daisuke, Kosuke Sato, and Yasushi Uematsu 
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*Study on isolation structure against strong earthquake motion and Tsunami by Yoshiaki Ariga 
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* Basic study on wave ensemble calculation by Tsuyoshi Kotoura and Hitoshi Tanaka 
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Estimation of S-wave velocity structures in Morioka area by dense 
microtremor array observations* 

Anupap Wanasawan1  Hidekazu Yamamoto2 and Tsuyoshi Saito3 
 

1. Introduction  

     We try to estimate underground S-wave velocity structures by using microtremor array 
observation in order to understand S-wave velocity structures and site effects on strong motions. This 
research aims to find phase velocities and peak frequencies of microtremor vertical to horizontal 
(H/V) spectral ratios in order to get data for analyzing underground structures such as thickness and/or  
S-wave velocity of soil layers for predicting damage from earthquakes that may occur in the future. 
We did microtremor observations in Morioka City which is the main city of Iwate Prefecture. We 
observed microtremors by using a single three-component seismograph in a single point for 
estimating H/V spectral ratios and by using an array of velocity meters for estimating phase velocities. 

2. Microtremor Observation 

     We measured microtremors for 
15 minute in the case of a miniature 
size array (60 cm) which is set in 
triangular form. And we need a 
longer time in a large size array. To 
calculate phase velocities, we use 
spatial autocorrelation (SPAC)  
method(Aki,19575). We calculated 
phase velocity by fitting SPAC 
coefficient to 0th order first kind 
Bessel function. Figure 1 shows 
microtremor array observation points. 

The red, green and yellow balloons 
show miniature array observation poits 
with a radius of 60 cm; the points 

indicated by a triangle shape show large size arrays. In the array observation, 47 sites were measured. In 
this research, the origin of observation lines A, B and C was set at Ueda 4 Chome near Iwate University. 
In the observation process,  we used  two types of tools to record microtremor data. In miniature array 
point we used velocity meters as a main device (4D-Geotek model). This tool includes four geo-phone 
sensors, AD data processing unit and Windows tablet. Figure 2 shows GDAQ4-s system.  GDAQ-4s  is a 
new system tool, it possible to customize an observation condition setting in real time (e.g. sampling rate, 
data length  etc.) on site. In these miniature arrays, we set them in triangular form (60 cm of radius as 
shown in Fig. 3).  However, an usage of GDAQ4-S has limits, the geo-phones sensor can only be set to  
miniature size and it’s can record only vertical componants (UD Data). So in the large size array, we used 
the JU310 device from Hakusan Kogyo Co. Ltd.  

Fig.1 Microtremor Observation points at Morioka area in 
A, B and C lines. 
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In this study, we also set a various size array in triangle form. At LA1 point we set 45m, 35m and 10m 
array sizes. At LA2 point we set 50m, 25m, 9m and 3m array sizes. 

 

 

 

 

 

 

 

  

 

 

 

       

 

 

 

 

 

3. Estimation of S wave velocity structure by microtremor array observation  

     Figure 5 shows the waveforms of vertical components (UD) obtained with a 60 cm radius array at point 
C9. Since these four waveforms are very similar, it is indicated that these waveforms can be used for 
analysis. Figure 6 shows observed and calculates phase velocity dispersion curves at A2 point. From Fig 
6, we can see that the phase velocities are slow (about 100 m / s) in the high frequency band and that 
velocities become faster in the low frequency band. 

Main 
USB 

Fig.2 System of microtremor velocity observation tool GDAQ-4s that consists 
of geo-phone sensors, AD converting unit and Windows OS tablet. 

Fig.3 Triangular array setting form for 
miniature array. A number in small circles 

indicates a geo-phone sensor. 

Fig.4 Observation photo a 60 cm microtremor 
array observation on a site at B5. 

AD 
Processing 

Unit 
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4. Microtremor H / V  

     Figure 7 shows the microtremor spectra and spectral ratio obtained at point C11. These are three 
component spectra, namely, the north-south, the east-west, and the up-down motion components. A band 
pass filter of 0.1 Hz to 20 Hz was processed. The H/V peak was picked up in the range up to 10 Hz. From 
Fig. 7, it is possible to identify the peak at 1.1 Hz (0.909 sec). Peak periods were picked up at all 
observation points. 

 

 

 

 

 

 

 

 

 

 

Fig.5 Velocity waveforms of 4 sensors of at observation 
point C11. 

Fig.6 Phase velocity at A2. A red 
solid line indicates theoretical one 

and green crosses are observed one.    

Fig.7 Power spectra and H/V spectra ratio at observation point A2. Red solid lines indicate average 
lines of power spectra and H/V spectra ratio and green lines are individual observed data.   
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     Figure 8 shows peak periods along B- line. 
We can see that the peak period gradually 
decreases. Figure 9 shows peak periods in all 
observation points in the area. From this figure 
we can see that B line and C line shows that 
peak periods are around 0.4 to 0.1 seconds 
because these observation points locate near 
mountains area. So we can predict that 
underground basements in these areas are 
shallow.  

 

 

 

5. Estimation of S wave velocity structure by both dispersion curves and H/V Spectral ratio 

     The S-wave structure that we obtained from phase velocity calculated by using miniature array may 
not be complete. Because the array size is limited within 60cm, so we can know S-wave structures at 
shallow depth not deeper than 10m. However, we can calculate S-wave structure of deeper part by using 
H/V spectral ratio too. Figure 10 shows an average H/V peak frequency (Red line) at A2 point fitting with 
a theoretical line (Black line). The theoretical H/V curve we are calculated from the model shown in Fig. 
11, we can obtain deep structures by using both dispersion curves and H/V spectral ratio.  

 

 

 

 

 

 

Fig.9 Peak period distribution in at all observation points. 

Fig.8 Distribution of peak period against 
distance along B-line. 

Fig.10 A red solid line is an average H/V spectral 
ratio and black line indicates theoretical one at A2 

point. 

Fig.11 Estimated S-wave structure from 
calculating H/V Spectral ratio. A red solid 

line is S-wave velocity. 
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     Figures 12 to 14 show S-wave structures at all sites in A-Line, B-line and C-Line.  From these results, 
we can see basements beneath these areas are shallow.  At A-line we found phase velocities in this area 
around 100-150 m/s especially at middle of the observation line around A5 to A8 points. When we inverted 
these data to S-wave velocity models, we found these S-wave structures are gradually changed. Velocities 
of S-wave are changed to faster at shallow section at observation point near the origin point. High 
impedance contrast interface depths become deeper from A1 to A6 point, and the depths become shallower 
from A7 to A10 point.  

     At B observation line, phase velocities in this area are relatively higher than other observation lines, 
around 200 m/s at a frequency of 10 Hz. Inverted S-wave structures in this line show us that high 
impedance contrast interface depths are shallow. However, at some observation points of this B line, the 
depths are abruptly changed. And from Fig. 8 peak periods at these points are around 0.4-0.5 sec, slower 
than those at other points.  

     And at C line, S-wave structure in this area are not so different. For this line, high impedance contrast 
interface depths are gradually changed. At Just only C2 to C4 points, the depths in these points are shallow. 

 

Fig.12 Distribution of S-wave structures along A-Line. 

Fig.13 Distribution of S-wave structures along B-Line. 
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6. Conclusion 

     From microtremor array observation results we found that phase velocities in the target area are 
relatively slow, almost around 100-150 m/s except in some places such as B line; phase velocities in this 
place are higher around 200 m/s.  H/V peak period distribution also shows in this area around 0.4-0.1 
seconds, in range of medium to fast especially if the place is located in a mountain area. S-wave forms 
show that high impedance contrast interface depth in this area are not so deep. 

However, the observation areas are in a city location, so some obtained data are strange - which 
might be an effect on the observation process such as traffic noise or local industrial activity near the 
observation points. 
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Estimation of phase velocities of Love wave from array records of horizontal microtremors by using FK 
analysis- An experiment in Morioka area- by T. Sakaguchi, H. Yamamoto and T. Saito 
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*Estimation of group velocities in Iwate Prefecture by seismic interferometry analysis of microtremors 
observed with Hi-net stations by M. Suzuki, H. Yamamoto and T. Saito 
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岩手県沖プレート沈み込み帯で発生した地震の波形の特徴把握 *

弘前大学理工学研究科　小菅　正裕

1．はじめに

　最近の研究により，プレート沈み込み帯では多様な地震が発生していることが明らかになって
きた。図 1は岩手県とその沖合で発生した地震の震源分布を示したものである。この領域では，
沈み込む太平洋プレートに沿う地震活動と，陸域の地殻内地震の延長上での地震活動が見られる。
このうち，プレート境界において発生している地震は，2011年東北地方太平洋沖地震のようなプ
レート境界地震と，小繰り返し地震である。小繰り返し地震は，プレート境界において孤立した
小アスペリティが繰り返し破壊することによって発生すると考えられており，この地震によるす
べり量を推定することで，アスペリティ周囲のプレートの沈み込みレートが推定されている［例
えば，Igarashi et al. (2003)］。また，太平洋プレート上面よりも浅部にしみ出した地震活動がある
ことがわかり，supraslab地震と名付けられた［Uchida et al. (2010)］。さらに，2011年 4月 7日に宮
城県沖で発生したマグニチュード（M）7.1の地震［例えば，Nakajima et al. (2011)］のように，太
平洋プレート内部を破壊するスラブ内地震も存在する。
　それらの地震の識別にあたっては，震源の深さの決定精度が重要な問題となる。図 1で黒い四

*Waveform characteristics of earthquakes near the plate boundary off the coast of Iwate prefecture by 

Masahiro Kosuga

図 1 　岩手県とその沖合で発生した地震の震源分布。気象庁一元化震源要素を用い，期間は 2012

年 1月 1日～ 2016年 12月 31日。震源の丸印の色は深さを表す。黒い四角の領域内で発生した地
震の分類を図 2において行った。 
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角で囲んだ領域では震源深さの決定精度が低い。それは，震源の上方に観測点がないために震源
深さと地震発生時刻の間にトレードオフが生じることと，地震波形が複雑で特に S波の読み取り
が困難なことによる。これらの問題は，新たに建設された日本海溝海底地震津波観測網 S-netのデー
タを用いることで解決できる面があるが，波形が複雑になる理由を理解し波形を利用するために
は，現実的な地下構造に基づいた理論波形との比較研究が不可欠である。
　そこで本研究では，最近開発された 3次元波動伝播シミュレーションコード OpenSWPC［Maeda 

et al. (2017)］によって理論波形の計算を行って観測波形と比較することで，理論波形の再現の度
合い，理論波形では十分に再現できていない点，地震波形の複雑さの理解と利用に関する研究の
方向性について議論する。解析対象の地震は，図 1の黒い四角内で発生した 1地震とした。

2．地震波形の分類

　理論波形との比較を行う前に，空間的に近い領域で発生した地震の波形がどの程度似ているの
かを検討する。そのため，図 1の四角の領域で発生した地震のうち，M4.5～ 5.4で，気象庁によ
る Centroid Moment Tensor (CMT)解が逆断層型に近い 38地震について，波形の相関を用いた分類
を行った。波形データは P波到達 5秒前から到達後 55秒までの 60秒間を用いた。バンド・パス・
フィルターの帯域は 0.1～ 1 Hzである。分類の結果を図 2の左上に示す。震源の丸印の色が分類
された地震グループの番号を示す。これを見ると，震源位置が比較的近いものが同じグループと

図 2　波形データを用いた地震の分類。震源と観測点の位置を左下に示す。左上の震源の丸印の色
が，分類された地震グループの番号を示す。灰色はどのグループにも分類されなかった地震。右
側は地震波形の比較で，3つのグループについて，岩手県沿岸の田老観測点の上下動成分の波形を
示す。波形の左の丸の色は震源分布図の丸の色に対応し，右の数字は地震番号を表す。
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して分類されており，同一グループに分類された震源から観測点までの経路の影響，すなわちグ
リーン関数が似ていることを示唆する。図の右側は，3つのグループの波形を比較したものである。
これを見ると，波形はグループ間では系統的に異なるが，グループ内においても完全に同じでは
ないことがわかる。震源位置によって波形のどの部分がどのように異なるかの検討は，観測波形
を基にするよりは異論波形に基づく方が容易である。そこで，図の 27番の地震について，波動伝
播シミュレーションにより理論波形の計算を行った。

3. 波動伝播シミュレーション

　3次元波動伝播シミュレーションに用いた OpenSWPCでは，シミュレーションの条件を指定す
るコントロールファイルと速度構造モデルをユーザが用意して計算を実行すると，理論波形デー
タと波動伝播のスナップショットの図が出力される［Maeda et al. (2017)］。速度構造モデルは，長
周期地震動予測地図の計算に用いられた全国１次地下構造モデル（JIVSM, Koketsu et al. (2012)）
に基づいている。このモデルでは各地点における計 23層の上面深度と各層の物性値が与えられて
いる。波形を計算した地震の気象庁 CMT解のセントロイド深さは 15.7 kmであるが，この地震が
プレート境界に位置しているものとして，セントロイドの緯度・経度におけるプレート境界の深

図 3　シミュレーションに用いた P波速度構造，震源位置（☆印），及び CMT解。速度構造モデ
ルの実線は各層の境界を表す。
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さ（13.0 km）を与えた（図 3）。震源メカニズム解は CMT解のダブルカップル成分を与えた（図 3）。
　シミュレーションにおいては震源時間関数を指定する必要がある。ここでは図 4(a)のベル型の
震源時間関数を用いた。その継続時間（trise）の逆数の 2倍がシミュレーション波形のコーナー周
波数に対応するので，その設定は重要である。ここでは，実際の観測波形を後述の方法で広帯域
地震計相当の波形に変換した後に変位波形を求め，S/N比がよい観測点についてスタックして平
均波形を求めた（図 4(b)の赤線）。その結果を基に，継続時間を 2 sとした。これにより理論波形
のコーナー周波数は 1 Hzとなるので，観測波形には 0.1～ 1 Hzのバンド・パス・フィルターをか
けた。

4. シミュレーション波形

　シミュレーション波形のペーストアップを図 5に示す。P波初動位置がほぼ同じになるように，
横軸を 8 km/sで reduceして示している。これを見ると，(a)上下動，(b) radial 成分ともに，P波初
動の 5秒程度後に顕著な位相が出現し，上下動成分の S波初動の前後や，両成分の Sコーダ波部
分において，連続して追跡できる位相が現れている。
　シミュレーション波形と観測波形の比較にあたっては，地震計の特性を考慮する必要がある。
ここではMaeda et al. (2011)の方法を用い，Hi-netの短周期地震計での観測波形を F-netの広帯域地
震計 STS-2相当の波形に変換した。この方法は，短周期地震計の特性のデコンボリューションと
STS-2地震計の特性のコンボリューションを再帰型フィルターで実現するものである。変換前後
の波形を比較すると，変換後の波形の方が理論波形とより調和的である（図 6）。そこで以下では，
変換後の波形と理論波形の比較を行う。
　図７は岩手県沿岸付近の観測点での波形の比較である。3成分の振幅分布，主要な振動の周期と
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図 5　シミュレーション波形のペーストアップ。(a)が上下動，(b)が radial成分。縦軸に震央距離，
横軸に時間を取り，Hi-net観測点について計算された波形を並べたもの。横軸は 8 km/sで reduce

して示す。
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図 6　観測波形（青）とシミュレーション波形（赤）の比較。(a)は観測波形そのもの，(b)は
F-netの STS-2地震計相当の波形に変換した結果との比較。観測波形には 0.1～ 1 Hzのバンド・パス・
フィルターをかけている。観測波形，理論波形とも，振幅は各観測点の最大値で規格化してある。

振幅，地震計特性の補正で見えるようになった長周期の波の様子などの観測波形の特徴は，シミュ
レーション波形でも概ね再現できていると言える。しかし，上下動成分の S波付近では最大振幅
の波の位相がずれていること，N.YMDHの上下動成分や N.KMIHの radial成分などで振幅の大き
な振動が継続する計算波形となっている点などは，観測波形と合っているとは言えない。後者の
ような計算波形は内陸の観測点においても見られる。
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図 7　地図中の赤い三角印の観測点について，観測波形（青）とシミュレーション波形（赤）の比
較。観測波形は 0.1～ 1 Hzのバンド・パス・フィルターをかけたもの。観測波形，理論波形とも，
振幅は各観測点の最大値で規格化してある。
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4．議論とまとめ

　上記のような不一致の原因解明と，波形に含まれる地下構造情報の抽出は今後の課題である。
振幅の大きな振動が継続する原因の解明には，そのような振動が出現する観測点の範囲を把握す
る必要がある。また，震源位置を変えた波形を並べて見ることで，どの部分の構造が寄与してい
るかを見積もることも可能と考えられる。シミュレーションでは地下構造を変化させることが可
能なので，例えば，ある層とそれに隣接する層の物性を同じにすることで，特性の層からの寄与
の有無を見積もることができる。今回はシミュレーション研究の手始めとして，観測波形との単
純な比較に留まっているが，今後は系統的な調査研究を続ける予定である。
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*Tsunami Evacuation Planning in Noshiro city by Kazuki Aoyanagi, Daiyu Suzuki, Satoshi Ito, Maki 
Kinoshita.
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*Evacuation action on the 2017 warning of Agung volcano, Indnesia: preliminary report by Miwa Kuri, Ni 
Nengah Suartini, I Made Budiana, Kazuya Sugiyasu, and Michimasa Matsumoto. 
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* Lesson from the 2016 Fukushima Earthquake and Tsunami -Case study of tsunami evacuating situation and 
future action of residents' association at Iwaki city, Fukushima- by Kazuya Sugiyasu, Kaori Madarame and 
Michimasa Matsumoto 
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* Action of earthquake and fire evacuation planning for composite building managed by university  
by Takeshi Watanabe and Kazuya Sugiyasu 
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* A Study on Disaster Prevention Education using Communication Technology Available in Disaster 
Situations by Keisuke Miayanabe Yuta Kumagai Naoki Araya Shunsuke Sasaki Sho Hasegawa
Miwa Kuri
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1 Graduate School of Engineering, Tohoku University  
2 Graduate School of Arts and Letters, Tohoku University  
3 International Research Institute of Disaster Science (IRIDeS), Tohoku University   

Evaluation of the Disaster Mitigation Action Card Game  
for international students in Japan 

Ryosuke Kaneko1, Muhammad Salman Al Farisi1, Shuji Yamada2, Miwa Kuri3 

Abstract 
In this paper, Disaster Mitigation Action Card game (DMAC) is evaluated as a teaching material of 

disaster mitigation for international students in Japan. The DMAC is briefly introduced at the beginning. 
Evaluation of the DMAC as well as investigation of the consciousness of the international students for 
disasters in Japan were conducted by two questionnaire surveys. As a result, it is found that anxiety of the 
international students for disasters decreases as they stay in Japan long time. Most of the international 
students recognized an earthquake and a tsunami as disasters in Japan. The international students enjoyed 
playing the DMAC and learned disaster mitigation at some disaster situations. It is confirmed that the 
DMAC is applicable for the international students and is obtained good enough evaluation for an entrance 
of thinking disaster mitigation. From this research, it is revealed that the DMAC is an effective teaching 
material for the international students as their first step of thinking about disaster mitigation in Japan. 
1. Introduction 

Recently, the number of international students who study in Japan at higher education institutions and 
Japanese language institutes is increasing [1]. It was reported that some international students suffered large 
scale earthquake such as the Great East Japan Earthquake in 2011 and Kumamoto earthquake in 2016 [2][3]. 
Therefore, it is necessary to implement education for disaster mitigation for the international students to 
promote quick decision making at a disaster situation.  

Hisamatsu et al. developed the DMAC for elementary school and junior high school students to learn 
disaster mitigation [4][5]. In DMAC, players learn and discuss disaster mitigation action at some situations 
relative to large scale earthquake or tsunami. Figure 1 is an example of DMAC cards which show different 
disaster mitigation actions. There are 27 kinds of DMAC cards in total. Players have to pick up one of the 
cards within 3 seconds, which simulates the short decision-making time during the real disaster. After 
picking the card, players are required to share their ideas of risk and disaster mitigation with the other 
players to induce awareness from the discussion. The DMAC cards are designed abstractly using pictogram, 
which enables players to explain their disaster mitigation action with their imagination. Pictogram also 
makes it available for players regardless of the language or country. 

In this research, the consciousness of international students for disasters in Japan was investigated by 
questionnaire surveys. The DMAC was also evaluated as a teaching material of disaster mitigation for the 
international students.
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Figure 1 DMAC cards showing disaster mitigation actions designed by pictogram.

2. Questionnaire survey 
The investigation was conducted at six different safety lectures for international students as shown in 

Table 1. Two questionnaire surveys were carried out as a part of the safety lectures, each before and after 
performing the DMAC. Table 2 and Table 3 summarize the questions of the former and the latter 
questionnaire survey, respectively. On the former survey, anxiety and consciousness for disasters in Japan 
as well as personal information were investigated. The latter questionnaire was used to evaluate their 
impression of the DMAC, understanding of rules, motivation to play the DMAC again and motivation to 
share the experience of the DMAC in their respective home countries. A comment space was also given 
for each question on the latter questionnaire. Table 4 summarizes the questions used in the lectures. Note 
that the number of questions was not same for each lecture because of different lecture time. 

Valid respondents were defined as the respondents who answered over a half of the questions. Simple 
tabulation and cross tabulation were performed for the former and the latter survey from the answer of the 
respondents. On the analysis of the latter survey, the valid respondents were divided into three groups 
according to the characteristics of the safety lectures and players as shown in Table 5. Group A mainly 
consists of the respondents whose length of stay in Japan are less than one year. Most of the respondents 
in group A come from Asian countries. Group B consists of the respondents who participated in the 
Exploring Germination and Growth program for young Scientist (EGGS) to communicate with Japanese 
high school students. Although many respondents come from Asian countries, one of the characteristics of 
group B is the variety of their respective home country regions. Group C is the participants of safety lecture 
for Indonesian students. Indonesian language is used to play DMAC for this group. 

Table 1 Outline of safety lectures. 
Case Safety lecture Date Participants Organizers and 

facilitators 
Players  

1 Safety lecture at department of Literature 
in Tohoku University 

2015/11/19 9 Japanese  
graduate students 

International students 

2 Exploring Germination and Growth 
program for young Scientist (EGGS) in 
Tohoku University 

2015/01/18 22 Japanese  
high school students 

International students  

3 EGGS in Tohoku University 2015/12/19 27 Japanese lecturer  
in Tohoku University 

International students 
and Japanese  
high school students 

4 Communication event with American and 
Japanese high school students 

2016/03/24 10 Japanese  
graduate students and 
high school students 

American and Japanese 
high school students 

5 Safety lecture for Indonesian students 2016/07/18 48 Indonesian  
graduate student 

Indonesian students 

6 Safety lecture for newcomer of 
international bachelor students in Tohoku 
University 

2017/09/28 28 Indonesian  
graduate student 

International students  
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Table 2 Questions of questionnaire survey before DMAC. 
NO. Questions  Options 
pre-1 Personal information Age, gender, nationality, length of stay in 

Japan 
pre-2 Do you worry about disasters in Japan?  Yes / No  
pre-3 Among the following, please put all checks which you think is (are) disaster(s),  

in particular which may occur in Japan.  
Earthquake / tsunami / typhoon / volcanic 
eruption / landslides / heavy rain / flood / 
heavy snow / tornado / fire / accident / 
disease / others 

Table 3 Questions of questionnaire survey after DMAC. 
NO. Questions  Options 
post-1 Please write down what you learned today for the first time.  Comment 
post-2 Did you enjoy the game today?  Yes/ No/ I don’t know 
post-3 Was the rule of the game understandable?  Yes/ No 
post-4 Do you want to play the game again?  Yes / No  

Comment 
post-5 Will your experience of this game be useful in your country?  Yes/ No 

Comment 
post-6 Please write down what was the most impressive to you in this activity.  Comment 

Table 4 Questions of DMAC. 
NO. Questions  Keyword 
1 You’re at a lecture room. An earthquake suddenly occurs.  

The building is strongly shaking. 
Earthquake 

2 You’re on your way home. A large earthquake occurs.  
A tsunami warning was issued. 

Tsunami warning 

3 You’re cooking in the kitchen. You hear an alarm of Earthquake Early Warning.  
You don’t understand its meaning. 

Earthquake Early Warning 

4 You’re at a beach. A small earthquake occurs.  
People seems to do nothing. 

Small earthquake, tsunami 
earthquake 

5 You’re in a subway station. A hanging sign is shaking.  
There are a lot of people in the station. 

Subway station  

6 You’re at a lecture room. An earthquake suddenly occurs.  
The building is strongly shaking. 

Earthquake 

Table 5 Group category for analysis of questionnaire survey after DMAC. 
Group A B C 

Characteristics Newcomers With Japanese high school 
students Indonesian students 

Safety lectures Case 1, 4, 6 Case 2, 3 Case 5 
Total number of  

valid respondents 47 49 48 

Language English English Indonesian 

Country 
regions 

Asian 36 36 48 
Middle East 0 1 0 

Europe 0 3 0 
America 9 4 0 
Africa 0 3 0 
blank 2 2 0 

Gender 
Male 21 28 29 

Female 21 17 14 
blank 5 4 5 

Length of 
stay t 

[years] 

t < 1 38 5 17 
1 t < 3 8 29 18 

t  3 1 15 13 
blank 0 0 0 
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3. Results 

151 international students in total answered the questionnaire survey and 144 valid respondents were 
obtained. Table 6 shows the results of the cross tabulation of pre-2 relative to the length of stay in Japan. 
The respondents who stay in Japan less than one year tend to have anxiety for disaster in Japan. In opposite, 
65 % of the respondents who stay more than three years do not have the anxiety. This is probably because 
the latter gets used to the life in Japan and able to obtain information in the disaster situation easily. Figure 
2 shows the result of pre-3. Over 95% of the respondents recognized an earthquake and a tsunami as 
disasters in Japan. A typhoon (70%), a heavy snow (62%) and a volcanic eruption (61%) are also recognized 
by many respondents.  

Table 7 shows the result of the cross tabulation of post-2 relative to the three groups. Most of the 
respondents in each group enjoyed the DMAC. Table 8 shows the result of the cross tabulation of post-3 
relative to the three groups. 100% of the respondents in group C who played the DMAC in their mother 
language understood the rule. Over 90% of the respondents in the other groups also thought it 
understandable. Table 9 shows the result of the cross tabulation of post-4 relative to the three groups. Group 
B has many positive answers (92%), but the other two groups have relatively many negative answers. 
Comments for this question were categorized to consider the reasons. Table 9 also summarizes the opinions 
from positive side and negative side. Most of the respondents who answered negatively thought they had 
learned enough at one time. Some respondents commented they wanted to play in other situations. Table 
10 shows the result of the cross tabulation of post-5 relative to the three groups. Most of the respondents 
in group C answered positively, while some respondents in the other groups answered negatively. 
Comments were also categorized for this question as shown in Table 10. According to the positive opinions, 
the DMAC was useful for the respondents whose respective home countries have disasters or require 
education for disaster mitigation. On the other hand, the DMAC was not so useful for the respondents 
whose respective home countries do not have earthquake. Table 11 and Table 12 summarize the comments 
of post-1 and post-6, respectively. Many respondents learned disaster mitigation actions from the DMAC. 
Some respondents commented they knew Earthquake Early Warning for the first time. Regarding the most 
impressive thing, it was interesting that many respondents commented different ideas and opinions of other 
students.  

 
Figure 2 Results of pre-3.      
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Table 6 Cross tabulation of pre-2. 
 Less than 1 year 1~3 years Over 3 years 
YES [%] 52 43 35 
NO [%] 48 57 65 
Total [%] 100 100 100 
Number  
of blanks 3 7 3 
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4. Discussion 
The results of post-1 and post-2 indicate that the respondents enjoyed learning disaster mitigation 

actions at disaster situations by the DMAC. The result of post-3 shows most of the respondents understood 
the rule of the DMAC in English or in their mother language. That of post-6 also indicates that some of 
the respondents have an impression regarding discussion with other players, which is one of the 
characteristics of the DMAC. These results confirm that the DMAC is applicable for the international 
students.  

On the other hand, the motivation of the respondents to play the DMAC again was relatively lower than 

Table 7 Cross tabulation of post-2. 
Group A B C 
YES [%] 94 100 98 
NO [%] 0 0 0 
I don't know [%] 6 0 2 
Total [%] 100 100 100 
Number of blanks 0 0 0 

Table 8 Cross tabulation of post-3. 
Group A B C 
YES [%] 91 94 100 
NO [%] 9 6 0 
Total [%] 100 100 100 
Number of blanks 0 0 0 

Opinions of YES 
I want to learn disaster mitigation action more. (30%) 
I want to play at different disaster situations. (15%)  
I want to discuss with other players. (12%) 
Others 

Table 9 Cross tabulation of post-4  
and summary of comments. 

Group A B C 
YES [%] 72 92 80 
NO [%] 28 8 20 
Total [%] 100 100 100 
Number of 
blanks 0 1 4 

Opinions of NO 
One time is enough. (57%) 
Different questions and DMAC cards  
are needed. (19%) 
We can repeat same answer  
even in different questions. (10%) 
Others 

Opinions of YES 
Home country also has disasters like Japan. (41%) 
There is no education for disaster mitigation. (39%)  
I want to teach for students who will come to Japan in 
the future. (5%) 
Others 

Table 10 Cross tabulation of post-5  
and summary of comments. 

Group A B C 
YES [%] 79 85 94 
NO [%] 21 15 6 
Total [%] 100 100 100 
Number of 
blanks 0 1 0 

Opinions of NO 
Home country does not have earthquake. (79%) 
Home country has disasters, but It is unclear that the 
DMAC is useful for that. (14%) 
Home country has disasters, but does not have 
disaster mitigation system like Japan. (7%) 
Others 

Table 11 Summary of comments of post-1. 
Disaster mitigation action (59%)
Knowledge about disasters. (13%)
Disaster mitigation system in Japan  
(Earthquake Early Warning, …). (10%)
What I found from discussion with other players. 
(7%) 
Others

Table 12 Summary of comments of post-6. 
DMAC and its card design (31%)
Different ideas and opinions of other players. (26%)
Disaster mitigation actions. (20%) 
Others
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that of elementary school and junior high school students [5]. It may be because many of the respondents 
who answered negatively thought that they learned enough in playing one time. However, the results of 
the questionnaire surveys confirm that the evaluation of the DMAC from the respondents is good enough 
for an entrance of thinking about disaster mitigation. Accordingly, it is concluded that the DMAC is an 
effective teaching material for the international students for their first step of thinking disaster mitigation.  
5. Conclusion 

The consciousness of international students for disasters was investigated by a questionnaire survey. 
The result of 144 valid respondents were used for the evaluation. The respondents who stayed in Japan 
less than one year are more anxious for disasters in Japan than others. Almost all the respondents 
recognized an earthquake and a tsunami as disasters in Japan. The DMAC is performed for the 
international students to evaluate the effect as a teaching material of disaster mitigation by a questionnaire 
survey in the same way. Most of the respondents enjoyed learning the disaster mitigation action from the 
DMAC. As a result, it is confirmed that the DMAC is applicable for the international students. A part of 
the respondents did not have a motivation to play the DMAC again and to play it in their respective home 
countries. However, the results of the survey confirm that the evaluation of the DMAC from the 
respondents is good enough for an entrance of thinking about disaster mitigation. In conclusion, the 
DMAC is an effective teaching material for the international students as their first step to learn disaster 
mitigation in Japan. 
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