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This paper discusses the reduction effect of a fore-
shock on casualties during the mainshock of people
who evacuated to shelters and their private cars dur-
ing the 2016 Kumamoto earthquake. In the first part
of this paper, we discuss the number of human casu-
alties caused by the collapse of wooden buildings. The
characteristics of casualties in the Kumamoto earth-
quake are classified as household attributes and build-
ing damage caused by the foreshock and mainshock.
In the second part, we apply equations (Nakashima
and Okada 2008 and Okada and Nakashima 2015) to
the Masiki area to determine the total number of ca-
sualties with a focus on deaths. The number of deaths
due to total building damage from the foreshock and
the mainshock in the case of 0 evacuees was estimated
as 147. We then estimated the reduction effect on the
number of casualties caused by the foreshock by us-
ing the survey data of the mainshock and foreshock.
We found that evacuation during the mainshock de-
creased the death toll by 128 people. Moreover, the
number of injured people decreased by 657. Gener-
ally, most people who evacuate tend to return home
over time. As a result, many people die at the time
of a subsequent mainshock. It is important to provide
death risk information to each household to support
their decision-making regarding appropriate evacua-
tion.

Keywords: 2016 Kumamoto earthquake, foreshock,
mainshock, casualty, evacuation

1. Introduction

The series of seismic activities of the 2016 Kumamoto
earthquake started with the foreshock that occurred at
9:26 PM on April 14, 2016. This was followed by the
mainshock on April 16 in Mashiki Town of Kumamoto
Prefecture. The maximum index number, i.e. 7 was mea-
sured twice on the Japanese seismic intensity scale. In
total, 8,647 buildings were destroyed and 236 victims
killed (including related deaths) throughout Kumamoto
Prefecture in the series of shocks [1]. In Mashiki Town,
20 people were killed [1]: 19 were crushed by or suffo-
cated in collapsed buildings (one was killed by a block

wall); 7 were killed in the foreshock on April 14; and 12
were killed in the mainshock on April 16. The fact that
more people were killed in their house due to the sub-
sequent earthquake suggest other risks of evacuation to
one’s own house that has been recommended to prevent
related deaths from the experience of the 2004 Niigata
Chuetsu earthquake.

Important is the effects of evacuation after the fore-
shock on human injury in the subsequent mainshock. To
understand this, the damage caused by the foreshock and
mainshock must be evaluated separately.

Regarding building damage, field surveys targeting
only central Mashiki Town indicated that many houses
collapsed after the mainshock. In addition, Sugino et
al. [2] evaluated building damage in the foreshock and
mainshock using aerial photographs. Their study demon-
strated the accuracy of evaluating damage based on pho-
tographs. Moreover, field surveys on building damage af-
ter the earthquake have been conducted. However, few
studies have examined the highest priority of various dam-
ages, namely human damage. Although Ushiyama et
al. [3] investigated human damage, they did not evaluate
the difference between deaths due to the foreshock and
mainshock in relation to building collapse as the main fac-
tor. In addition, they researched evacuation after the earth-
quake; however, more important information on which
to judge evacuation clearance after the foreshock is not
cleared. In principle, the rapid screening of buildings
damaged that determines whether a house in the affected
region can be used is based on conditions after the damage
done, and does not guarantee safety against subsequent
shocks. Possibly, a house with poor seismic resistance
undergoes no to little damage during the first shock; how-
ever, such a house cannot always withstand subsequent
larger shocks. In fact, many houses with minor damage
during the foreshock collapse after the mainshock [4].

Based on the above, in this research, a literature study
on damage caused by the series of activities of the Ku-
mamoto earthquake was performed and field surveys con-
ducted to clarify residents’ evacuation actions and their
significance (how residents’ evacuation affected deaths in
the subsequent shocks) based on the relationship between
the degree of building damage and death rate. Further-
more, in this paper, methods to reduce deaths are exam-
ined by investigating what information can be provided to
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individual households based on conventional damage pre-
diction equations to reduce deaths due to the mainshock.
The degree of damage is an index defined by the level of
building damage [0, 1.0] using the pattern chart proposed
by Okada and Takai [5]. The applicability of the human
injury function based on death rate data from the 1995
South Hyogo earthquake [6] to other earthquakes in other
areas is confirmed by comparing the relationship between
building damage and the death rate in Kumamoto City due
to the earthquake using this function. Finally, the effect
of outdoor evacuation immediately after the foreshock is
removed by applying the human body damage function
in the inverse to the number of totally collapsed build-
ings and deaths. The purpose is to estimate the deaths
due to the mainshock in a case when the foreshock does
not occur. This operation clarifies the reduction effect of
the foreshock on the number of deaths during the main-
shock. Currently, there is little information available on
which to judge outdoor evacuation after an earthquake to
avoid damage. In risk assessment (building vulnerabil-
ity assessment) on houses where victims were killed in
Mashiki Town, information that can currently be offered
is investigated.

2. Kumamoto Earthquake Study

2.1. Death Toll and Location
Mashiki Town in Kumamoto Prefecture is located in

the west of Kumamoto City and has a population of
34,229. Literature and field surveys were conducted to
clarify the degree of building damage and the locations
where the 19 victims in the town had died. The name,
age, and address at the district level of victims were ob-
tained based on information released by the National Po-
lice Agency [7]. Next, seven researchers performed a field
survey on May 13, 2016 and identified the locations of the
destroyed houses of the 19 victims and the housing condi-
tions of 18 victims using the pattern chart. This was after
assuming the locations of their deaths based on the resi-
dent map [8] and victims’ names. In addition, the house of
the victim not identified in the field survey was identified
afterwards. Fig. 1 shows the death distribution in Mashiki
Town obtained from the survey. The open circles show
the death distribution for April 14, and the solid ones for
April 16. On April 14, people were killed in congested
urban areas, while in the mainshock on April 16, people
were killed in the south of Mashiki town. Fig. 2 shows
the population distribution represented by 500 meshes for
Mashiki Town. People were killed in the central, more
populated areas on April 14, and in sparsely populated ar-
eas on April 16.

2.2. Damage Pattern of Houses Where Victims
Were Killed

The death toll is shown in Table 1 according to the
damage to houses where victims were killed based on the
field survey (on six scales ranging from D1 to D6). The

Fig. 1. Death distribution.

Fig. 2. Population distribution of Mashiki Town.

level of damage to affected buildings was determined us-
ing the damage pattern chart [5] in Fig. 3 in the field sur-
vey. The results are provided in Table 1. In all cases,
the victims were killed in wooden houses. In total, 7 and
2 people were killed at D5 and D6 after the foreshock,
respectively, and 11 and 2 people were killed at D5 and
D6 after the mainshock, respectively. No one was killed
at D4 after the foreshock and mainshock, although many
people died at D5. This means that most deaths occurred
on the first floor, similar to the case of the South Hyogo
Earthquake, which had a high death rate.

2.3. Death Rate
Compared to the average age of 45 years of the total

population of Mashiki Town in 2010, the average age of
those who died after the foreshock and mainshock was
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Table 1. Death toll according to level of damage.

D4 D5 D6
foreshock 0 5 2
mainshock 0 11 1

0.0 1.00.5 0.6 0.7 0.8 0.90.2 0.3 0.40.1

Fig. 3. Damage pattern chart [5].

Table 2. Average age of victims who died in the foreshock
and mainshock.

Mashiki(2010) foreshock mainshock
Average age 45 71.1 75.8

71.1 and 75.8 years respectively. Of the 19 victims, 16
were elderly citizens in their 60s or older. According to
newspaper reports and the results of the field survey, the
average age of those who were on the first floor and for
whom information on age was available was 70.5 years.
Furthermore, they lived in houses with poor seismic re-
sistance, which may have caused the deaths of the elderly
citizens.

In addition, people were killed on the first floors of
collapsed buildings in the Kumamoto earthquake, simi-
lar to the victims of past earthquakes. Note that those
who evacuated immediately after the foreshock returned
to their houses, which had poor seismic resistance, before
the mainshock. Of the 12 victims who died on day 16, 11
had returned to their houses after they evacuated to cars
or local community centers. As the average age of those
killed after the mainshock is older than that of those killed
after the foreshock, it seems that elderly people tend to re-
turn to their houses.

3. Inverse Analysis of the Number of Evacuees

3.1. Death Rate According to the Level of Damage
in Mashiki Town

The death rate according to the level of damage in
Mashiki Town was calculated. The number of build-
ings according to level of damage and the death toll of
the foreshock not affected by evacuation after the earth-
quake were used in the evaluation. Note that the re-
leased research results (e.g., the inventory survey by the
Architectural Institute of Japan [9]) were the sum of dam-
age caused in the foreshock and mainshock and as such
could not be employed directly. Therefore, this study
reevaluated the level of building damage using 132 an-
gled pictures taken immediately after the foreshock by
the Geospatial Information Authority of Japan [10]. The

Fig. 4. Aerial picture [10].

Fig. 5. Read results.

Fig. 6. Distribution of level of damage after the foreshock
based on aerial pictures.

death rate was evaluated for each 250-m mesh. An exam-
ple aerial photo (Fig. 4) and judgment results are shown
in Fig. 5. The results of the building damage evaluation
are provided in Fig. 6 using 132 pictures, including the
example. Damage due to the foreshock is concentrated
along prefectural road No. 28. Next, to calculate the num-
ber of residents who were in their houses, the population
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Fig. 7. Population of each building for each mesh.

of one building was estimated based on the relationship
between the number of buildings in a mesh and the popu-
lation using local mesh data (500-m mesh) of the census
population in 2010 [11]. The number of people staying in
a building (building population) was estimated using the
following equation.

Ph j =
p j

h j
, . . . . . . . . . . . . . . (1)

where Phi is the population per building for each mesh,
h j is the number of buildings for mesh j, and Pj is the
mesh population for mesh j. Fig. 7 shows the calculated
population distribution. By applying the obtained popula-
tion for each mesh to each house, the death rate according
to the level of damage was calculated as follows using
Pn(x)i with the building population according to damage
level, and Dn(x)i, the death toll according to the level of
damage obtained in the field survey.

Dr(x) =

Nm

∑
i=1

Dn(x)i

Er

Nm

∑
i=1

Pn(x)i

, . . . . . . . . . . (2)

where Nm is the number of buildings in a mesh, and Er
is the rate of those who were at home. This study used
81.7% (the national average value) [12] for the day of
the foreshock, according to the social research results of
The NHK Broadcasting Culture Research Institute. Fig. 8
compares the building death rate in Mashiki Town calcu-
lated using Eq. (2) and data from Okada and Nakashima
(2015) [6] using the South Hyogo earthquake data. The
human body damage function reproduced the actual con-
ditions at D5 and D6. Based on this, it is considered
that the level of building damage and deaths in Mashiki
Town were the same as those in the South Hyogo earth-
quake. However, deaths caused by furniture can probably
be included in the value for the South Hyogo earthquake,
which affected a wide area and therefore decreased the
rescue rate. This is considered the reason why the death
rate for the South Hyogo earthquake is higher than that in
the Mashiki Town case. On the other hand, non-structural
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Fig. 8. Comparison of death risk in kumamoto earthquake
and seismic death risk function.

materials including furniture were not the main factor in
the deaths in the Kumamoto earthquake. Therefore, ac-
cording to Saeki et al. [13], the death estimation results for
the South Hyogo earthquake using this method is 4,601,
although the actual death toll was 4,984. The death toll
for the Kumamoto earthquake was overestimated as 442,
although the actual death toll was 193. Saeki et al. re-
ported that this method produces estimation results more
similar to the actual conditions compared to the death es-
timation equation of the Cabinet Office (1215) and Tokyo
Metropolitan Government (962) [13]. In addition, be-
cause this method can evaluate injured people according
to the level of building damage in addition to the death
evaluation, this study evaluated the effect of the foreshock
on casualties after the mainshock by conducting an in-
verse analysis of the actual death toll using the equation
by Okada and Nakashima (2015). The difference at D4 is
an issue for a future study.

3.2. Calculation Flow of the Death Reduction Effect
of the Foreshock

In Mashiki Town, 7 and 12 victims were killed by col-
lapsing buildings after the foreshock and mainshock, re-
spectively. The victims were located in small communi-
ties in the south of Mashiki Town after the mainshock,
not in the urban area where the foreshock wrought more
serious damage. The smaller number of deaths in the cen-
tral urban area after the mainshock is attributed to the re-
duced rate of those who were at home, because of the first
evacuation after the foreshock. In this study, it is con-
sidered possible that the relationship between the level
of building damage and death rate of a past earthquake
(the South Hyogo earthquake) can be applied to that of
Mashiki Town, as discussed in the previous section. The
study examines the evacuation rate after the mainshock by
applying the human body damage function proposed by
Okada and Nakashima (2015) [6] to 3,026 buildings, de-
rived from the house damage research results in Mashiki
Town and comparing this to the actual death toll. The
flow is described in more detail as follows. The calcula-
tion flow is shown in Fig. 9. This approach determines
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Death
toll

Foreshock or Mainshock

The number of
houses

completely
destroyed.

Foreshock andMainshock

The number
of people
exposed to
the level of
damage to
wooden
buildings

The number
of people
exposed to
the level of
damage to
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buildings

The number
of evacuees

Death
toll

Estimation
of Death
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Estimated
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reduction
effect on

the
number of
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Difference Difference

Fig. 9. Calculation flow of the number of evacuees.

the rate of those who were at home to inversely explain
the actual death toll to normal death estimation processes.

(1) The population exposed to damage to wooden build-
ings is calculated after calculating the death toll of
seven after the mainshock by applying the human
body damage function of Okada and Nakashima
(2015) [6].

(2) Next, the population exposed to damage to wooden
buildings is calculated when the death toll of 12
is calculated by applying the human body damage
function.

(3) The number of evacuees after the foreshock is es-
timated using the number of totally collapsed build-
ings after the foreshock and mainshock and the num-
ber of those living in such buildings based on the data
released by Kumamoto Prefecture [1] to estimate the
death toll if they had been at home.

(4) The death reduction effect of evacuation after the
foreshock is clarified by determining the difference
between the estimated death toll based on the num-
ber of totally collapsed buildings after the foreshock
and mainshock and the actual death toll after the
foreshock and mainshock.

(5) Using the number of totally collapsed buildings in
(3), the reduced number of injured people due to
building collapse is calculated.

3.3. Estimation of the Number of Those at Home
According to the Level of Damage During the
Earthquake

Available data in this study were the number of victims
killed in the foreshock, number of victims killed in the
mainshock, number of damaged buildings after the fore-
shock and mainshock, and the locations of these incidents.
The death toll after the mainshock was estimated using
the number of damaged buildings. The death rate Dθ dur-
ing the earthquake was calculated using the Okada and

Nakashima function (2015) [6] by determining the death
toll after the mainshock. Dθ is expressed as follows:

Dθ =
∫ 75

0
MISS(θ)×d(θ)×K(γ) ·dθ , . . . (3)

where MISS(θ) is the distribution of human body damage
level θ according to the level of building damage, d(θ)
is the death rate based on the ISS value according to age,
and K(γ) is the death rate coefficient. To express injuries
according to the level of damage as a probability density
(domain of [0, 1]), ISS, namely the human severity θ , is
converted as follows with a focus on the domain of ISS
([0, 75]).

θ = Iss/75. . . . . . . . . . . . . . . (4)

The following equation is an outline of MISS(θ). Please
refer to Okada and Nakashima (2015) [6] for further in-
formation.

MISS(θ) =
1.0

∑
Δx=0.6

I=7.4

∑
I=0

kΔx · f ′′Δx(θ), . . . . (5)

where, kΔx is the internal loss population according to
the damage level Δx. This and can be obtained as fol-
lows: Population The population in the loss space accord-
ing to the level of damage to wooden house damage lev-
elhouses was is calculated by multiplying exposure the
exposed population to the intensity Mf (I) by the build-
ing damage level function P(I,Δx) and internal space loss
rate W . Here, W represents space loss: at D4 or less
(Δx≤ 0.6), where no space loss occurred, WΔx = 0, at D4
(0.6 < Δx ≤ 0.8), WΔx = 0.23, at D5 (0.8 < Δx ≤ 0.9),
WΔx = 0.47, and at D6 (0.9 < Δx ≤ 1.0), WΔx = 0.78.
Moreover, the human damage level function is multiplied
for each damage level (Δx = D4,D5,D6) and summed for
intensity I and building damage level Δx, as shown in the
following equation. By doing so, the internal loss pop-
ulation kΔx according to the level of damage to wooden
building damage level buildings can be obtained.

kΔx =
1.0

∑
Δx=0.6

7.4

∑
I=0

Mf (I)×P(I,Δx)×WΔx. . . . (6)

Here, the seismic resistance grade distribution g(q,s)
for each age based on the theory by Nakashima and Okada
(2008) [14] is multiplied by the building rate for each age
according to evaluation unit T (q) to calculate the emer-
gency probability g(s) of seismic resistance grade s. In
addition, deterioration function F(t ′) for the evaluation
year is also considered. Then, the resistance distribution
for each age is expressed as follows. Damage probability
according to the damage level can be obtained using the
following equation.

P(I,x) =
∫ s

0
∑
q

(
g(q,s)×T(q)×F(t ′)

)
ds . . (7)

Here, seismic resistance grade s can be determined as
follows:

s =
{(

I −a(x)
)
/b(x)

}1/c(x)
. . . . . . . (8)
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Table 6. Coefficient according to level of damage based on
the seismic resistance grade evaluation Eq. (5) [14].

x 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
a 1.59 1.28 0.93 0.49 -0.05 -0.89 -2.16 -4.72 -14.48
b 4.48 5.07 5.61 6.19 6.86 7.81 9.18 11.88 21.80
c 0.21 0.17 0.14 0.12 0.11 0.09 0.07 0.05 0.02

Table 7. Coefficient according to building age [14].

-1950
1951

-
1960

1961
-

1970

1971
-

1980

1981
-

1990
1991- All

μ -1.097 -0.760 -0.585 -0.402 -0.186 -0.030 -0.368
σ 0.823 0.705 0.558 0.534 0.513 0.481 0.597

where s is the seismic resistance grade, and a, b, and c
are parameters depending on damage level x as shown in
Table 6.
In addition, the resistance distribution of wooden houses
is as follows:

g(q,s, t ′) =
1√

2πsσ
exp

(
− (ln(s)−μ)2

2σ2

)
×F(t ′). (9)

The average resistance distribution and standard deviation
are provided in Table 7.
In addition, F(t ′) is expressed by the following equation.
As 12 years have passed since 2004, 12 was used for t ′.

F(t ′) = −0.00021× t ′+1

t ′ = q0 −q+ t.
. . . . . . . (10)

Using the above Eq. (9), the resistance distribution of
wooden houses is shown in Fig. 10 using the building age
distribution of the 2013 residence and land statistics [15].
The building age distribution of the residence and land
statistics is shown in Table 8.
Next, the human body damage function is expressed by
the following equation.

fΔx (θ) =
∫ ∞

−∞

f ′′Λ (λ )√
2πζ θ

exp

[
−1

2

(
ln(θ)−λ

ζ

)2
]

dλ .(11)

Here, f ′Δx(θ) is the non-normal distribution determined by
using the following equation.

f ′′Λ (λ ) =
1√

2πσ
exp

[
−1

2

(
λ −μ

σ

)2
]

. . . . (12)

Here, average μ and standard deviation σ are shown in
Table 9. The death rate according to the human body
damage level (d(θ))(k(γ)) is the death rate coefficient,
which is expressed as follows using the totally collapsed
rate γ . The parameters vary depending on age v, but were
fixed for the purposes of this study as follows:

K(γ) =
{(

γ −a(v)
)
/b(v)

}1/c(v)
. . . . . . (13)

The number of those who were in wooden houses when
the foreshock occurred was calculated. Seven (death toll
after the foreshock) and 12 (death toll after the main-
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Fig. 10. Seismic resistance grade distribution.

Table 8. Fragment of building age [15].

-1970 1971-1980 1981-1990 1991-
Ratio 0.11 0.13 0.17 0.58

Table 9. Average and standard deviation of non-normal dis-
tribution [6].

D4 D5 D6
μ −3.05 −2.42 −2.27
σ 0.38 0.21 0.39
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Fig. 11. Number of people exposed to the level of damage
to wooden buildings.

shock) were substituted for Dθ and an inverse analysis
was performed using the rate of those who were at home
to calculate the population according to the level of dam-
age to wooden houses. It was assumed that 585.4 victims
were in totally collapsed houses during the foreshock, and
980.7 were in totally collapsed houses during the main-
shock. Fig. 11 shows the number of population exposed
to totally collapsed buildings estimated from the death
toll. The ground motion and number of totally collapsed
houses for the mainshock are greater than those for the
foreshock for all levels of damage. The greater number of
those who were at home resulted in the greater death toll,
even when considering evacuation after the foreshock.
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Table 10. Number of actual and estimated deaths.

foreshock mainshock no evacuation
Death toll 7 12 147

Table 11. Number of population exposed to totally col-
lapsed buildings.

foreshock mainshock mainshock
(no evacuation)

Population
exposed to
totally
collapsed
buildings

585 980 8461

3.4. Evaluation of Death Toll in the Case of No
Evacuation

Next, the death toll for the foreshock and mainshock
was estimated. In this study, it was assumed that 8,461
victims were exposed to totally collapsed buildings based
on materials published by Kumamoto Prefecture [1] to
calculate the number of those exposed to each level of
damage. Following this, the death toll was estimated by
substituting the obtained values in Eq. (5). The death toll
for the foreshock, mainshock, and foreshock plus main-
shock is shown in Table 10. The estimated death toll
in the case of no evacuation was 147, approximately 8
times higher than the actual death toll of 19. This suggests
that the rate of those who were at home was reduced be-
cause of evacuation, resulting in a decrease of 128 deaths.
The foreshock led to the evacuation of those who lived in
houses with poor seismic resistance, significantly reduc-
ing human damage during the mainshock. Considering
that there were three related deaths in Mashiki Town, as
shown in the damage report of Kumamoto Prefecture, the
evacuation effectively reduced human damage.

3.5. Estimation of Evacuation Rate and Number of
Evacuees

The death toll in Table 10 indicates the evacuation rate
of those who lived in totally collapsed houses and would
have been killed. Next, the number of evacuees can be
estimated using the following equation based on the rela-
tionship between the actual and estimated death toll.

Ne = Mp −Mpa . . . . . . . . . . . . (14)

where Mp is the population exposed to totally collapsed
buildings, Mpa is the population actually exposed to to-
tally collapsed buildings, and Ne is the number of evac-
uees. Table 11 shows the estimation results for the num-
ber of evacuees. It is deemed that 6,896 of the 8,461 vic-
tims who could have been exposed to totally collapsed
buildings after the foreshock evacuated their houses.
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Fig. 12. Estimated number of victims who were injured victims.

3.6. Reduction Effect on the Number of Injured
Victims

The human body damage function shown as Eq. (3) can
estimate the number of injured victims. Fig. 12 shows
the number of injured victims reduced by the foreshock.
The number of seriously injured people is estimated to be
100.8 for the foreshock plus mainshock. The damage re-
search report of Kumamoto Prefecture indicates that the
number of seriously injured people is 134 [1], indicating
high estimation accuracy. Next, the number of casualties
and seriously injured victims is estimated to be 2,647 and
766, respectively, using the number of totally collapsed
houses for the mainshock. The results are approximately
8 times higher than those of the mainshock. In addition,
the difference between the estimated number of seriously
injured victims and actual number of seriously injured
victims for the foreshock plus mainshock is 657. The re-
sults indicate that the evacuation reduced the number of
injured victims and deaths.

4. Risk Evaluation of Individual Households

It was demonstrated that continuous evacuation effec-
tively reduces damage, and the judgment on returning
home significantly affects deaths in cases with two large
shocks such as the Kumamoto Earthquake. To make
proper decisions, some organizations judge the level of
a structure’s damage through an emergency risk judg-
ment, and provide important information based on con-
tinuous availability. However, emergency risk judgment
evaluates temporal conditions and not safety against fu-
ture shocks. When serious shocks successively occur as
in the Kumamoto earthquake, safety judgment informa-
tion after the foreshock (before the mainshock) suggests
that houses can be used, inducing an early return to homes
from shelters and inducing an early return to homes from
shelters and there is a possibility of increasing the human
damage during the serious subsequent earthquake. A les-
son from the Kumamoto earthquake is that ground motion
scenarios with continuous serious earthquakes must be as-
sumed, requiring measures by disaster prevention admin-
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 a) Foreshock                               b) Mainshock 
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Fig. 13. Building damage rate estimated according to the
year of construction.

a) Foreshock                               b) Mainshock 
(6.61 in Intensity scale)                (6.77 in Intensity scale) 
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Fig. 14. Probability of human damage estimated according
to year of construction.

istrative agencies. Specifically, extended waiting time at
shelters considering the decreasing aftershocks and emer-
gency risk judgment is required, in addition to providing
information using a method to confirm safety from subse-
quent earthquakes based on a risk assessment of houses’
seismic resistance grade. The easiest method (e.g., cal-
culation method of grades based on area ages) is desired,
rather than a precise seismic resistance evaluation, which
considers the situation immediately after a disaster. In the
following section, the risk information on building vul-
nerability provided through existing methods was stud-
ied. As above, the equations proposed by Nakashima
and Okada (2008) [14] and Okada and Nakashima (2015)
were used [6].

4.1. Comparison of Ground Motions
In Mashiki Town, seismic intensities of 6.61 and 6.77

were measured by Mashiki Town for the foreshock and
mainshock, respectively. The probability of damage to
the wooden houses built in the 1950s and 1980s was eval-

a) Foreshock                               b) Mainshock 
(6.61 in Intensity scale)                (6.77 in Intensity scale) 
Fig. 15. Casualty rate according to seismic resistance grade.

Fig. 16. Casualty rate according to intensity.

uated using the method of Nakashima and Okada (2008),
as shown in Fig. 13. The total collapse rate was 53% and
67% for the 1950s and 17% and 32% for the 1980s, indi-
cating a significant difference in the rate and a small dif-
ference in intensity. Among the houses that did not totally
collapse during the foreshock, after the mainshock, 28%
and 18% of houses built in the 1950s and 1980s totally
collapsed respectively.

Next, the estimation results for human damage are
shown in Fig. 14. For house from the 1950s, the injury
rate increased from 22% to 45%, while the death rate in-
creased from 3% to 9%. For those from the 1980s, the
injury rate increased from 5% to 19%, and the death risk
increased from 0% to 5%. The seismic risks for the fore-
shock and mainshock significantly differ depending on
the year of construction. In addition, it is highly probable
that houses not affected by the foreshock can be affected
by the mainshock. Such information can be provided if
the year of construction is available.

4.2. Difference in Seismic Resistance Grade
The seismic resistance performance index for each

building is required to more accurately evaluate risk. Re-
cently, a seismic resistance renovation promotion plan has
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become effective; therefore, a seismic resistance evalua-
tion costs less if evaluation funds are used in communi-
ties. For evaluated houses, a more detailed risk evaluation
is available. For the foreshock, the probability of human
damage is 48% for seismic resistance grade 0.3, while it is
almost 0% for 0.7. For the mainshock, it is 78% at grade
0.3 and 24% at 0.7. The risk significantly increases for the
mainshock. at intensity 6 upper and 7, respectively. Thus,
for the old wooden houses in communities in the south of
Mashiki Town, seismic resistance is low and the rate of
human damage significantly increases at the high inten-
sity of the mainshock, even if they did not collapse after
the foreshock. These cases are overlooked in emergency
risk judgments, indicating the importance of evaluating
the seismic risk of individual houses and an evacuation
study.

5. Conclusion

This paper analyzed houses where victims died in
Mashiki Town, which was affected by the 2016 Ku-
mamoto earthquake. Furthermore, it clarified the death
reduction effect of the foreshock on the mainshock by em-
ploying existing human damage prediction equations. Al-
though this study was based on the differences using exist-
ing equations and includes many assumptions, the death
reduction effect of evacuation after the foreshock is cer-
tain.

(1) Locations of deaths
The victims died around prefectural road No. 28 on
day 14, and south of the urban area on day 16.

(2) Relationship between the number of building col-
lapses and deaths
The victims died along prefectural road No. 28 on
day 14. Outside central Mashiki Town, more victims
died in relation to the number of collapsed buildings.
This seems to have been affected by evacuation in
the central urban areas after the foreshock.

(3) Characteristics of victims who died
Most victims who died were elderly citizens. They
tend to live in vulnerable old buildings and have less
physical strength. Almost all households including
those of the victims who died evacuated once and re-
turned to their homes, because they could not endure
life as evacuees. Returning home after an earthquake
to a house with poor seismic resistance must be re-
considered. Some of the victims who died required
nursing assistance and could not live in shelters. As
such, the quality of living as an evacuee must be en-
hanced.

(4) Death reduction effect of the foreshock
The death reduction effect of the foreshock was es-
timated by comparing the number of deaths in this
earthquake to that in a past earthquake. It was indi-
cated that the death toll might have been 147 if the
number of evacuees had not increased.

(5) Number of evacuees
It was estimated that 6,896 victims who lived in
houses that totally collapsed in the earthquake evac-
uated. The foreshock triggered the evacuation and
reduced the number of injured victims by 657 peo-
ple.

(6) Individual seismic risk assessment
Individual household evacuation is important for
judging evacuation. As a case study, individual
households were evaluated in this study. The results
indicate that the mainshock was risky, the threshold
value for damage differs depending on the seismic
resistance performance of a house, and a house with
poor resistance can withstand a foreshock, but suffer
in subsequent shocks. This information can be valu-
able when considering the evacuation of each house-
hold.

(7) Future issues
Regional difference of evacuation is possible be-
cause victims died in marginal areas instead of ur-
ban areas with more affected houses. The victims of
this earthquake were almost all elderly citizens. The
current human damage prediction equation cannot
precisely evaluate human damage according to age
group. It is important to formulate a prediction equa-
tion by studying the house tax list and Basic Resident
Register.
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