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Assessing the extent of damage quickly following a ma-
jor natural disaster is crucial to ensuring that effective
decisions are made to establish an appropriate first
response system and implement response measures.
Therefore, a real-time earthquake damage estimation
system was developed. Among other things, the sys-
tem estimates the distribution of seismic ground mo-
tion, structural damage, and casualties based on ob-
servation records obtained immediately after a major
earthquake. In addition, the system is equipped with
a function for assessing actual damage using a variety
of sources and techniques. Damage estimates gener-
ated by the system were used for emergency response
during actual disasters, including the 2016 Kumamoto
Earthquakes, and the system’s effectiveness has been
confirmed. This study evaluates the functions and per-
formance of the system, examines its potential applica-
tions, and discusses future innovations and challenges.

Keywords: natural disaster, disaster response, damage
estimation, damage assessment

1. Introduction

Japan has been hit by a series of large-scale earthquake
disasters in recent years, including the 1995 Hanshin-
Awaji Earthquake and the 2011 Great East Japan Earth-
quake. In addition to earthquakes, many other natural dis-
asters have also struck the nation, including the 2014 Hi-
roshima landslides, eruption of Mt. Ontake, 2015 heavy
rainfalls in the Kanto and Tohoku regions, and 2018 tor-
rential rain and landslides in western Japan.

As a country susceptible to natural disasters, we face
an urgent need to apply the lessons we learned from past
disasters to prepare ourselves for potential large-scale dis-
asters and to build a resilient society capable of ensuring
the safety and security of citizens. The basic principle
of disaster management is to develop countermeasures by

anticipating potential hazards in advance. It is crucial,
therefore, that damage be quickly assessed when a disas-
ter strikes so that the information can be used to establish
a first response system and take disaster response mea-
sures.

In this study, we conducted research and development
on a real-time damage estimation system capable of pro-
viding an overview of damage by estimating and assess-
ing damage on a real-time basis, even in the event of a
disaster affecting extensive areas, such as a major earth-
quake, while providing detailed damage estimation appli-
cable to individual towns and buildings. In addition, we
engaged in research and development with the aim of not
only estimating damage but also gathering and analyzing
disaster information through various means.

Specifically, we worked on the following research and
development themes (see Fig. 1).

1. Development of a real-time damage estimation and
data application system

2. Development of high-resolution damage estimation
technology using structural analysis

3. Research and development related to disaster infor-
mation extraction using earth observation satellites

4. Development of the Disaster Information Summa-
rization System using social media

5. Development of a real-time monitoring technology
for volcanic gases and ash

Results will be described below.

2. Development of a Real-Time Damage Esti-
mation System

2.1. System Overview
An overview of the system is shown in Fig. 2. The

seismic motion inputs required for estimating damage are
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Fig. 1. Outline of research and development.

Fig. 2. A schematic of the real-time damage estimation system.

obtained as follows. We receive a wide range of ground
motion data from a total of approximately 5,300 observa-
tion points, including data recorded by K-NET and KiK-
net, the nationwide strong-motion seismograph networks
operated by the National Research Institute for Earth Sci-
ence and Disaster (NIED), and seismic intensity measure-
ments recorded by local government organizations and
the Japan Meteorological Agency (JMA). Then using the
site amplification factors provided by the Japan Seismic
Hazard Information Station (J-SHIS), as well as those
obtained from wide-area subsurface models covering the
Kanto and Tokai areas described in the next section, the

distribution of ground motion is estimated for each of
the 250-m grid cells (totaling approximately 6 million
grid cells nationwide) in terms of seismic intensity, peak
ground acceleration (PGA), peak ground velocity (PGV),
SI value, and velocity response spectrum, among others.

On the basis of the estimated ground motion distribu-
tion, population exposure to seismic intensity is derived
using the number of persons who are inside buildings dur-
ing daytime, nighttime, and specific time windows. In
addition, structural damage – including numbers of com-
pletely and partially destroyed buildings – will be esti-
mated by using the estimated ground motion distribution
and nationwide structural models with attributes neces-
sary for estimating damage and by applying damage func-
tions.

Further, casualties will be estimated on the basis of
structural damage. Population models for persons who
are inside buildings will be constructed for each time win-
dow by taking into account statistical data on the number
of persons in transit. Multiple structural damage functions
and human casualty functions will be applied to estimate
the numbers of persons killed, severely injured, and mod-
erately injured.

As a rule, these damage estimation processes are per-
formed when a seismic intensity of approximately 3 or
more is detected. Then, data are dispatched roughly 10
minutes after an earthquake and are detected in such for-
mats that can be put to secondary use via Web Application
Programming Interface (API).

Further, the system is equipped with a damage estima-
tion function to improve estimation accuracy. A model is
constructed for errors in damage function parameters us-
ing probability variables. Then, the Bayesian update is
performed on the parameters of the probability distribu-
tion using the actual number of damaged buildings ob-
tained following the disaster from some parts of the esti-
mated area.

While it is difficult to make a general comparison be-
tween our system and disaster response systems adopted
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by central and local governments, some of the most char-
acteristic features of our system can be described as fol-
lows:

● The system is capable of gathering data recorded by
the seismometers of the NIED’s K-NET and KiK-
net, the JMA, and local governments, and then es-
timating seismic ground motion, structural damage,
and casualties nationwide in units of 250-m grid
cells.

● Outputs from ground motion estimation include not
only seismic intensity but also a broad range of data
including peak ground velocity, peak ground accel-
eration, and spectral intensity.

● Estimated results are published on a website imme-
diately after an earthquake, and data are generated
in a reusable format to facilitate application across
society.

2.2. Estimating Ground Motion
Ground motion data that serve as input for each eval-

uation point are needed to estimate earthquake damage.
In many cases, however, there are no observation points
located in close proximity to the evaluation point and
on ground comparable to that of the evaluation point.
For this reason, ground motion over a spatially extensive
area must be estimated based solely on ground motion
recorded at observation points.

In addition to intensity-related information (intensities
at 10-second intervals, intensities at 1-minute intervals,
real-time intensities), the system receives PGVs, PGAs,
SI values, acceleration response spectra, and velocity re-
sponse spectra as observation data from the K-NET and
KiK-net observation points. The system also receives the
JMA intensity measurement data recorded by local gov-
ernments and the JMA. These observation data are not
transmitted simultaneously after an earthquake, but is sent
individually in any order from each observation point as
the seismic motion spreads. Once the number of intensity
measurements of 2.5 or above received from the K-NET
and KiK-net observation sites exceeds a threshold within
a prescribed time period, the system switches to estima-
tion mode and begins estimating damage.

To estimate seismic intensities over extensive areas us-
ing spatial interpretation, an empirical equation is used
to derive PGVs based on the seismic intensity data ob-
served at ground surface level. Then, PGVs at engineering
bedrock are estimated by accounting for the amplification
factor at each observation site. We estimated the spatial
distribution in each 250-m grid cell by interpolation using
inverse distance weighting (IDW) and multiplying the re-
sult by the amplification factor again [1]. For nationwide
estimates, the amplification factors published by J-SHIS
were used [2], while the amplification factors referred to
in Section 2.8 [3] were used to estimate damage in the
Kanto and Tokai areas. Along with seismic intensities,
the system also estimates PGVs, PGA, SI values, acceler-
ation response spectra, and velocity response spectra.

2.3. Estimating Structural Damage
Building models were constructed on the basis of build-

ings across Japan to estimate damage. We used residen-
tial maps (Zenrin’s Zmap-Town II) generated on the ba-
sis of on-site surveys covering nearly all areas of Japan.
For each 250-m grid cell, we developed building models
(for approximately 56 million buildings) equipped with
attributes necessary to estimate damage, such as structural
category and age. Using the technique established by Oi
et al. [4] as reference, we enhanced the accuracy of dam-
age estimation as described below.

Using the building type assigned to each building in the
residential map data, the buildings are categorized as res-
idential or commercial and assessed structurally (wood,
steel, reinforced concrete). In this assessment, the struc-
tural categories used in real estate information (on approx-
imately 1.7 million buildings) available in the private sec-
tor are sorted into wood, steel, reinforced concrete, and
buildings (Table 1).

In addition, the number of buildings in each age group
is estimated for each structural type using the 19 age cat-
egories found in the “Survey of Buildings Based on Ta-
ble 38 Age Categories” in the Preliminary Survey of Real
Properties in Japan (Table 2).

Fig. 3 shows the nationwide distribution of building
categories estimated as described above.

Structural damage is estimated to be either “completely
destroyed” or “partially destroyed” by inputting the esti-
mated ground motion and applying damage functions to
the building models described above. As shown in Ta-
ble 3, several damage functions are applied to each of
the structural categories. By developing eight patterns of
combinations, the system is able to generate a broad range
of damage estimates.

2.4. Estimating Casualties
We developed population models for the number of per-

sons inside buildings, which are required to estimate ca-
sualties attributed to structural damage. We classified the
population estimated to be inside each grid cell into per-
sons at home, persons inside buildings other than their
home, and persons in transit to establish population mod-
els for persons inside buildings during each time win-
dow. The number of persons at home and inside build-
ings other than their home was estimated for each 250-m
grid cell from grid-based regional statistics from the 2010
National Census, grid-based regional statistics from the
2009 Basic Survey for Economic Census, the 2011 Basic
Survey on Time Use and Leisure Activities, and the num-
ber of students by school type (kindergarten to graduate
school) [13].

The number of persons in transit during each time win-
dow was calculated for each grid cell using the 2011 Basic
Survey on Time Use and Leisure Activities, data on per-
sons in transit derived from GPS location information us-
ing smartphone apps [14], and 2012 statistics on passen-
gers boarding and alighting trains by station, while tak-
ing into account the distribution of rental buildings and
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Table 1. Structural classification assessment table.

Attribute type No. of stories Building type Structural
category

Floor area per
building

Structural
category

No name No. of stories 2 or less
(Target structure) – RC
(Detached) Less than 200 m2 Wood
– 200 m2 or more Steel

Attribute type No. of stories Floor area per
building

Structural
category

Name found Target structure
No. of stories 2 or less Less than 80 m2 Wood
No. of stories 1 or more – RC

Attribute type No. of stories Floor area per
building

Structural
category

Name found Rental building

No. of stories 2 or less Less than 150 m2 Wood
No. of stories 150 m2 or more Steel
No. of stories 3, 4 Less than 50 m2 Steel
No. of stories 50 m2 or more RC
No. of stories 5 or more - RC

Attribute type No. of stories Floor area per
building

Structural
category

Name found Multi-family building

No. of stories 1 - Wood

No. of stories 2
Less than 200 m2 Wood
200 m2 or more Steel

No. of stories 3
Less than 150 m2 Steel
150 m2 or more RC

No. of stories 4 or more - RC

Attribute type No. of stories Floor area per
building

Structural
category

Name found Residential home
No. of stories 2 or less - Wood

No. of stories 3 or more
Less than 50 m2 Wood
50 m2 or more RC

Attribute type No. of stories Floor area per
building

Structural
category

Name found Office
No. of stories 2 or less

Less than 50 m2 Wood
50 m2 or more Steel

No. of stories 3 - Steel
No. of stories 4 or more - RC

Table 2. Age categories of building models.

Category Age category in Preliminary Survey of Real
Properties in Japan

Category 1 Proportion of buildings completed on Jan-
uary 1, 1963 or before

Category 2 Proportion of buildings completed between
January 2, 1963 and January 1, 1972

Category 3 Proportion of buildings completed between
January 2, 1972 and January 1, 1981

Category 4 Proportion of buildings completed between
January 2, 1981 and January 1, 1990

Category 5 Proportion of buildings completed between
January 2, 1990 and January 1, 2002

Category 6 Proportion of buildings completed between
January 2, 2002 and January 1, 2011

Category 7 Proportion of buildings completed between
January 2, 2011 and January 1, 2014

offices based on structural type obtained from residential
map data.

Using the estimated number of persons at home and

persons inside buildings other than their home as the
number of persons inside buildings, and combining it
with damage functions to be applied to estimate structural
damage, we generated eight patterns of casualty estimates
shown in Table 4. We also provided a broad range of es-
timation results as was done with the estimates for struc-
tural damage. It is important to note, however, that types
of estimated casualties may vary depending on the casu-
alty function used, as shown in Table 5.

2.5. Providing the Results of Damage Estimation
Results of estimated damage are visualized on a

members-only website using WebGIS, allowing users to
view data by superimposing it on a standard online map-
ping service. An example of the search results page is
shown in Fig. 4. Users can do a search on damage esti-
mates using keywords such as the location of the epicenter
and information related to the hypocenter, along with time
period, maximum seismic intensity recorded, and number
of observation points. Search results are shown in a list
and displayed as a 250-m grid diagram corresponding to
the selected results (e.g., ground motion, population expo-
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Fig. 3. Nationwide distribution of building categories ((a)
Wood, (b) Steel, (c) RC).

Table 3. List of techniques for estimating structural damage.

Method Structure Reference

M1
Wooden Central Disaster

Management Council
(2012) [5]

Reinforced-Concrete
Steel

M2

Wooden Horie (2004) [6] D4,D2
Reinforced-Concrete Murao and

Yamazaki (2002) [7]
Steel Murao and

Yamazaki (2002) [7]

M3

Wooden Horie (2004) [6] D3,D1
Reinforced-Concrete Murao and

Yamazaki(2000) [8]
Steel Murao and

Yamazaki(2000) [8]

M4
Wooden Murao and Yamazaki

(2002) [8]Reinforced-Concrete
Steel

M5
Wooden Central Disaster

Management Council
(2004) [9]

Reinforced-Concrete
Steel

M6
Wooden

Saeki et al. (2016) [10]Reinforced-Concrete
Steel

M7
Wooden Midorikawa et al.

(2011) [11]Reinforced-Concrete
Steel

M8
Wooden Shimizu et al.

(2016) [12]Reinforced-Concrete
Steel

Table 4. List of techniques for estimating casualties.

Model Reference Method for build-
ing damage (Ta-
ble 3)

P1 Central Disaster Manage-
ment Council (2012) [5]

M1

P2 Central Disaster Manage-
ment Council (2012) [5]

M6

P3 Saeki et al. (2001) [15] M1
P4 Saeki et al. (2001) [15] M6
P5 Okada and Nakashima

(2015) [16]
Okada and
Nakashima (2015)
[16]

P6 Saeki et al. (2001) [15] M4
P7 Central Disaster Manage-

ment Council (2012) [5]
M8

P8 Saeki et al. (2001) [15] M8

Table 5. List of types of casualties estimated.

Method Casualty
P1, P2, P7 Deaths, severely injured, moderately

injured, persons requiring assistance
for evacuation, evacuees (impact of
critical infrastructure is not taken into
account)

P3, P4, P6, P8 Deaths, hospitalized, severely injured,
moderately injured

P5 Deaths, critically injured, severely in-
jured, moderately injured

Fig. 4. Example of search results on the members-only website.

sure to seismic intensity, structural damage, casualties) or
a prefectural or municipal thematic map. Further, a list of
numerical data representing damage estimates organized
by prefecture and municipality (e.g., population exposure
to seismic intensity, structural damage, casualties) is dis-
played along with information related to the hypocenter
and analysis conditions, and can be downloaded in CSV
format.

For the general public, the website also releases the J-
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Fig. 5. Example of J-RISQ earthquake bulletin.

RISQ earthquake bulletin [17] that provides broad, easy-
to-follow, and compact summaries of earthquake-related
information using maps and tables, including seismic mo-
tion distributions and population exposure to seismic in-
tensity estimated using a 250-m grid for each municipal-
ity. It also shows past earthquakes that caused damage in
surrounding areas and information on earthquake hazards
provided by J-SHIS (Fig. 5).

Damage estimates are intended to be used to make ef-
fective decisions related to emergency response immedi-
ately after a disaster strikes. The results are not only avail-
able for viewing using a browser but can be provided as
numerical data for secondary use via a Web API, so that
users can quickly utilize them in their own systems. A list
of information available through the Web API is listed in
Table 6.

2.6. Operation of the Real-Time Damage Estima-
tion System

This section will outline how the system operated dur-
ing actual earthquakes. In January 2016, the system be-
gan operating continuously on a trial basis after it was
equipped with ground motion and structural damage es-
timation functions. Table 7 shows a list of times from
when the earthquake occurred until a final report was pro-
duced following earthquakes with a maximum seismic in-
tensity of upper 5 or above between January 2016 and

June 2018. Of the 22 earthquakes recording a seismic in-
tensity of upper 5 or above during this period, the system
estimated damage in 20 earthquakes. The results show
that the system issued a final report no later than approxi-
mately 12 min after the earthquake occurred.

In addition, during the earthquake marked “Event 12,”
one of the two earthquakes for which the system did
not estimate damage, a seismic intensity of upper 5 was
recorded only at one observation point and the earthquake
involved a localized, intense ground motion immediately
above the hypocenter. As a result, the number of obser-
vation points recording a seismic intensity of 2.5 or above
did not exceed the threshold that triggers damage estima-
tion in K-Net or KiK-net, and the system did not estimate
damage. With respect to Event 4, Event 3 occurred ap-
proximately 2.5 minutes prior. The system therefore esti-
mated the damage from Event 4 while processing Event 3
without making a distinction between the two earthquake
events. It can be said that, since the system estimates dam-
age based solely on ground motion observation data, in-
stead of estimating the ground motion based on hypocen-
ter data, its damage estimates are unlikely to be affected
even in a case such as this when earthquakes occur virtu-
ally simultaneously.

Next, the system’s damage estimates for individual
earthquakes will be discussed. Following the 2016 earth-
quakes in Kumamoto, the system completed estimation
and dispatched a final report in roughly 10 minutes, after
both the foreshocks and the mainshocks. As demonstrated
by Fujiwara et al. [18], a comparison of the estimates with
damage reports by local governments following the main-
shocks and actual damage deciphered from aerial photos
of buildings shows that the system’s evaluations of dam-
age distribution, such as most damaged areas in Mashiki
Town, Kumamoto Prefecture, were qualitatively consis-
tent with the actual damage. At the same time, however,
the system tended to overestimate the extent of damage in
terms of quantity. A comparison of the number of com-
pletely destroyed buildings estimated by the system and
the number deciphered from aerial photos is shown in
Fig. 6. We are currently working to improve the dam-
age estimation technique based on the actual damage data
from the Kumamoto earthquakes [20].

The system completed estimating damage from the
June 2018 earthquake in northern Osaka approximately
12 min after the earthquake, generating estimates on seis-
mic intensity distribution and structural damage distribu-
tion shown in Figs. 7 and 8. This data was published on
NIED’s crisis response site [21]. The estimated number
of completely destroyed buildings varied significantly be-
tween 0 and 1,494 among the eight techniques shown in
Table 3. Likewise, the estimated number of deaths due
to structural damage varied from 16 to 76. According to
the Fire Department, there were 18 completely destroyed
residential buildings, 740 damaged non-residential build-
ings with unknown levels of damage, and six deaths [22].
Given that the technique that generated results that were
closest to the actual damage (technique M8: 0 estimated
completely destroyed buildings) used a damage function
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Table 6. List of data available through Web API.

Category Available data Data format
Search Published information (ID is obtained to access data) JSON, CSV
Seismic ground motion Ground surface

(250-m grid)
Seismic intensity
Peak ground velocity (PGV)
Peak ground acceleration (PGA)
SI values
Velocity response spectra (Kanto and
Tokai only)

netCDF(v4), CSV

Engineering bedrock
(250-m grid)

PGV
PGA

Population exposure to
seismic intensity

250-m grid Lower 5 or above, upper 5 or above
Lower 6 or above, upper 6 or above

netCDF(v4), CSV
By prefecture JSON, CSV
By municipality JSON, CSV

Structural damage
250-m grid Completely destroyed, partially

destroyed

netCDF(v4), CSV
By prefecture JSON, CSV
By municipality JSON, CSV

Casualties
250-m grid Deaths, critically injured, severely

injured, moderately injured, evacuees

netCDF(v4), CSV
By prefecture JSON, CSV
By municipality JSON, CSV

Table 7. List of earthquakes detected by the system.

Event
No.

Date and time
of earthquake

Epicenter Depth
[km]

M Maximum
seismic
intensity

Time between the
earthquake and final
report [s]

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Apr. 14, 2016
Apr. 14, 2016
Apr. 15, 2016
Apr. 15, 2016
Apr.16, 2016
Apr.16, 2016
Apr.16, 2016
Apr.16, 2016
Apr.16, 2016
Apr18, 2016
Apr.19, 2016
Apr. 29, 2016
Jun. 16, 2016
Oct. 21, 2016
Dec. 28, 2016
Jun. 20, 2017
Jun. 25, 2017
Jul. 11, 2017
Sep. 8, 2017
Apr. 9, 2018
May 25, 2018
Jun. 18, 2018

Kumamoto area of Kumamoto Prefecture
Kumamoto area of Kumamoto Prefecture
Kumamoto area of Kumamoto Prefecture
Kumamoto area of Kumamoto Prefecture
Kumamoto area of Kumamoto Prefecture
Kumamoto area of Kumamoto Prefecture
Aso area of Kumamoto Prefecture
Aso area of Kumamoto Prefecture
Kumamoto area of Kumamoto Prefecture
Aso area of Kumamoto Prefecture
Kumamoto area of Kumamoto Prefecture
Central region of Oita Prefecture
Uchiura Bay
Central region of Tottori Prefecture
Northern region of Ibaraki Prefecture
Bungo Channel
Southern region of Nagano Prefecture
Kagoshima Bay
Southern interior of Akita Prefecture
Western region of Shimane Prefecture
Northern region of Nagano Prefecture
Northern region of Osaka Prefecture

11
8
7
11
12
11
7
11
16
9
10
7
11
11
11
42
7
10
9
12
6
13

6.5
5.8
6.4
5.0
7.3
5.9
5.9
5.8
5.4
5.8
5.5
4.5
5.3
6.6
6.3
5.0
5.6
5.3
5.2
6.1
5.2
6.1

7
Lower 6
Upper 6
Upper 5
7
Lower 6
Upper 5
Upper 6
Lower 6
Upper 5
Upper 5
Upper 5
Lower 6
Lower 6
Lower 6
Upper 5
Upper 5
Upper 5
Upper 5
Upper 5
Upper 5
Lower 6

542
643
639
!]
604
398
680
211
628
648
633
!]
688
726
643
665
691
679
648
659
652
721

whereby the ground motion inputs for wooden buildings
were based on a velocity response spectrum with a pe-
riod of 0.5 to 1.5 seconds (1 to 2 seconds for non-wooden
buildings), estimates may have been based on seismic mo-
tion inputs with shorter predominant periods than the pe-
riod bands described above. However, further analysis is
needed.

2.7. Assessing Actual Damage
By employing damage functions to estimate damage,

the system establishes a statistical relationship between
ground motion intensity and damage levels based on past
data such as earthquake damage surveys. Applying these
statistics to actual earthquakes could potentially result in
estimation errors. Meanwhile, efforts have been made to

determine the extent of actual damage by analyzing satel-
lite images, aerial photos, and images captured by dash-
board cameras [23, 24]. Data on actual damage are highly
accurate, but provide only fragments of information from
both temporal and spatial standpoints, which is not nec-
essarily effective for quickly grasping the overall damage
after an earthquake. In order to quickly and accurately
determine the extent of damage, we equipped the system
with a technique for enhancing the accuracy of damage
estimates over an extensive area by applying the Bayesian
update to the damage estimates using information on ac-
tual damage obtained from some parts of the area [25].

In this technique, the structural damage function is de-
fined as the probability distribution of seismic resistance,
whereby the seismic resistance of buildings is expressed
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Fig. 6. A comparison of the distribution of completely de-
stroyed buildings in the Kumamoto earthquakes: (a) damage
distribution deciphered from aerial photos [19] and (b) an
example of damage estimates (damage function: M1).

Fig. 7. Estimated distribution of seismic intensities in the
earthquakes in Northern Osaka (“◯” represents an observa-
tion point and “☆” the epicenter).

in terms of ground motion intensity. The parameters of the
damage function are then treated as probability variables.
Information on actual damage is used as observation data
input in the Bayesian update process. Then, the posterior
probability distribution of the parameters of the damage
function is obtained, and estimates are made with the up-
dated parameters. By applying this update process each
time data on actual damage are obtained, damage can be
estimated on the basis of the latest data on actual damage.

The Bayesian update was applied to the estimates of
damage to residential buildings caused by the 2016 Ku-
mamoto earthquakes [26]. In this instance, a case study
was conducted on areas that referred to data on actual
damage to examine how damage estimates are updated.
The study reported that by obtaining comparable data
from Mashiki Town and Higashi-ku, Kumamoto City, re-
spectively, and incorporating it into estimates, it is possi-
ble to improve estimates of the number of damaged build-
ings and bring them close to the actual number. Since
estimation errors were not sufficiently improved in some
areas, however, it has been suggested that methods used
to gather information on actual damage should be studied
in the future.

Fig. 8. Estimated distribution of buildings completely de-
stroyed by earthquakes in Northern Osaka (example of esti-
mates using estimation technique “M1”).

2.8. Development of subsurface Structure Models
for Estimating Earthquake Damage

To develop subsurface structure models for estimat-
ing earthquake damage on a real-time basis, we studied
subsurface models capable of evaluating ground motion
characteristics at a broad range of frequencies (0.1 Hz to
10 Hz). We combined a shallow subsurface model and a
deep subsurface model by collecting boring data and soil
property data, which are crucial for explaining the ground
motion in the vicinity of each period (0.5 to 2.0 s), as
such ground motion affects soil both near the surface and
deep in the ground. In this study, we developed a wide-
area subsurface structure model (approx. 250-m grid cell)
and a more detailed subsurface model (approx. 50-m grid
cell), as well as a microtremor measurement system and
a subsurface structure information management system to
support model development.

A brief description of each of the following themes will
be provided in the sections below.

(1) Construction of wide-area subsurface models for es-
timating earthquake damage

(2) Understanding of ground motion characteristics and
development of a microtremor observation system

(3) Development of a construction technique for a de-
tailed subsurface model through public-private col-
laboration

2.8.1. Construction of Wide-Area Subsurface Models
for Estimating Earthquake Damage

Wide-area subsurface models were constructed for the
entire Kanto and Tokai regions. Here, we will mainly re-
port on the progress made with the model for the Kanto
area. To develop a shallow subsurface model, we primar-
ily used approximately 31,000 sets of boring data gath-
ered by NIED. An initial shallow subsurface model was
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Fig. 9. Conceptual diagram of miniature and irregular seis-
mic arrays.

constructed by reorganizing existing models, including a
shallow subsurface model for the Kanto region [27] and
subsurface models prepared thereafter by local govern-
ments, so as to sort data on subsurface rock and soil strata
across the entire Kanto region in a unified manner. We
created an initial integrated model for shallow and deep
subsurfaces by combining this shallow subsurface model
with an existing deep subsurface model (J-SHIS) and ad-
justing the engineering bedrock (Vs = 300 to 700 m/s).
In addition, seismic observation records and continuous
microtremor observation data were gathered to conduct
a 3-D study of S-wave velocity structures, which are es-
sential for evaluating ground motion. Records compiled
by K-NET, KiK-net, JMA, and local governments were
used as seismic observation records. To gather continuous
microtremor data, two types of observation techniques,
namely miniature and irregular arrays [28] (Fig. 9) and
large arrays (R = 25 to 800 m), were used at approxi-
mately 14,000 and 500 points, respectively. Microtremors
were observed using single-point and miniature arrays at
intervals of approximately 1 to 2 km for 15 min each time.
Observations using large arrays were conducted at inter-
vals of approximately 5 km for 1 to 2 h each time. In ana-
lyzing miniature and irregular arrays, we used a cloud mi-
crotremor observation system (described in Section 2.8.2)
and other systems to derive the H/V spectral ratio and
phase velocity. Depth conversion (SPM) [29] and inver-
sion analysis [30] were carried out on the dispersion curve
to obtain S-wave velocity structures. By fine-tuning the
S-wave velocity structures of the initial model, we cal-
culated amplification indicators (e.g., peak velocity am-
plification factor, seismic intensity increment, response
amplification factor for each period) based on the subsur-
face structure models for each grid cell of approximately
250 m by 250 m. (Fig. 10). A comparison of the new
model against the existing subsurface model shows that
improvements have been made in the estimates of period
characteristics across all frequencies.

2.8.2. Understanding Ground Motion Characteristics
and Development of a Microtremor Observa-
tion System

To obtain a large number of microtremor array mea-
surements and ensure that results are managed effectively

Fig. 10. One-dimensional S-wave amplication factor from
basement (Vs400 m/s) to surface at period 1 s in Kanto area.

until the results of analysis are produced, it is necessary to
minimize and simplify the steps required to collect obser-
vation data, analyze them, and evaluate the results. Par-
ticularly from the time observation data are gathered until
it is analyzed, a significant amount of time is required to
check data, convert data formats, sort photos, and com-
plete other sorting required for analysis. To achieve these
goals, we developed a mechanism that can perform all the
steps quickly, including on-site data sorting and analysis
(registering data such as location information, photo in-
formation, observation data, time-history data, and anal-
ysis results) while minimizing human error [31]. More
specifically, we developed “i-Bido” [32], which trans-
mits data between seismometers and computers, tablets,
and other computing devices without corrupting the data
while preserving its quality, and sends the data to the
database described below. Data registered in the database
is automatically managed for quality assurance and ana-
lyzed. Then, the S-wave velocity structures obtained from
the analysis (subsurface models), along with mapping in-
formation, need to be distributed and confirmed using We-
bGIS or other means on a virtually real-time basis. To this
end we developed a cloud analysis system that analyzes
and tests the quality of microtremor data at high speed.
The system structure and a conceptual diagram are shown
in Fig. 11. In cloud analysis, the input data are analyzed in
detail and managed for quality assurance. When our cloud
system is used, the steps between observation and analysis
are completed roughly five to ten times faster than when
the system is not used.

2.8.3. Development of a Construction Technique for
a Detailed Subsurface Model Through Public-
Private Collaboration

Our goal is to construct detailed subsurface models
with 50-m grid cells capable of predicting liquefaction
and landslides while accounting for factors such as ground
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Fig. 11. Development of cloud-type microtremor observa-
tion system.

irregularity and artificial sites, using both public and pri-
vate boring data, building confirmation applications, to-
pographical information, old topographic maps, and other
data. A slope map developed by the Geospatial Infor-
mation Authority of Japan (GSI) for a study of artificial
sites in Yokohama City indicates horizontal surfaces in
white and sloped (inclined) surfaces in gray, with larger
angles of slope shown in darker gray. Angles of slope
(inclination) between 0○ (horizontal) and 1○ are indicated
in gray, while those of 10○ or above are shown in black.
Man-made structures were excluded. The distribution of
small artificial valley fills that could not be identified by
topographical maps derived from an algorithm for calcu-
lating and comparing slopes was obtained. Finally, the
buffer region (50 m per side at a zero-order basin, 37.5 m
per side for a one-order valley, and 25 m per side for a
two-order valley) was applied to the water systems iden-
tified from the results of water system analysis to develop
a model. The model is consistent with the distribution of
large-scale artificial sites and also appears to show small
artificial sites (Fig. 12).

3. Development of High-Resolution Damage
Estimation Technology Using Structural
Analysis

While earthquake response analysis is used to design
earthquake-resistant buildings, techniques for estimating
earthquake damage in urban areas rely largely on empiri-
cal equations that are not computationally demanding and
require a small amount of input, given the large num-
ber of building structures subject to computation. Mean-
while, the amount of usable information on urban ar-
eas has grown dramatically, and significant improvements
have been made in computational methods and the tech-
nologies for applying such methods. In this section we
will describe our technical development efforts aimed at
establishing a method for estimating earthquake damage
using simulations based on detailed information related to
urban areas.

Fig. 12. Distribution of artificial sites extracted from the
slope map (left figure) based on the 5mDEM data of the Geo-
graphical Survey Institute of Japan in Yokohama City. Right
figure is the range of the extracted area where the indigo is
extracted, light purple is the past large scale area distribution
map.

Fig. 13. A solution to data silo problem.

3.1. Development of a Data Processing Platform

Exponential improvements are already being made to
computational techniques and application software in the
field of high-performance computing (HPC). In this study,
we therefore focused on technical development for auto-
matically constructing the city models that serve as input
for clusters of analysis programs capable of performing
large-scale numerical analysis, and technologies that link
the analysis programs with one another. A common issue
encountered in developing city models is that data on ur-
ban areas, which are used to construct city models, and
analysis programs are evolving constantly, and it is not
easy to respond quickly and flexibly to new data and pro-
grams. To solve this problem, we developed a data pro-
cessing platform (DPP) capable of connecting data pro-
grams while allowing users to easily add and replace data
and programs. The most characteristic feature of DPP is
that it is based on a new methodology, whereby a struc-
ture, or a data format, is automatically converted into a
different but logically equivalent one (Fig. 13). Such an
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automatic conversion function is particularly essential in
HPC, where enhancing computational efficiency and con-
serving memory capacity are some of the most impor-
tant goals. Generally speaking, data are shared in for-
mats specified by the International Organization for Stan-
dardization (ISO), and in most cases human-readable text
formats are used. In HPC, however, binary formats are
normally used, and efforts are made to put the same type
of data in a single line so that all the data can be pro-
cessed at high speed. In addition, data searches are nor-
mally performed by accessing a portion of the data. For
this reason it is important to structure the data into groups
of similar meaning or subject content to search. Even if
data have similar meanings or content, it is defined by a
broad range of formats based on a diverse range of data
processing objectives by those performing computation
or managing data. To make data available for secondary
applications and link it with other data, therefore, it is
necessary to first study individual data formats and cre-
ate data processing programs for each format, even if they
are identical in nature. By automatically converting data
formats, the DPP eliminates the need to create a data pro-
cessing program for each data format and thus is able to
standardize all data formats so that a processing program
developed for one data format can be applied to all data
with equivalent meaning or content. This function allows
for connection and interaction between independently de-
veloped clusters of individual data formats and process-
ing programs unique to them (Fig. 13). The outstanding
reusability of programs used on the DPP helps users build
up component technologies needed to automatically con-
struct a city model using a diverse range of digital data on
urban areas. Right from the start, it is important to employ
a design that prevents technology development from stag-
nating by avoiding overlaps in development. This study
has confirmed that it is possible to create modules for au-
tomatically creating models for soil, buildings, and var-
ious types of critical infrastructure [33, 34] as a library
of DPP, which interprets and automatically converts data.
This computation can be performed by a program devel-
oped by HPC.

3.2. Construction of Simulated City Models for
Cities Across Japan and Automated Perfor-
mance of Earthquake Response Analysis

To automatically estimate damage after an earthquake,
city models covering all areas of Japan must be con-
structed in advance. In this study, the DPP was made
into a parallel program using the message passing inter-
face (MPI), making it possible to construct models for ap-
proximately 60 million structures across Japan in roughly
six hours (Fig. 14). However, since data generated by
an inexpensive residential map (Zenrin Zmap-AREA II)
were used, hypothetical values had to be set for build-
ing heights. By expanding the functionality of the DPP
to enable automatic analysis of earthquake response, it
is now possible to generate earthquake response analysis
with consistent quality by providing the DPP with data on

Fig. 14. Automatic construction of building models for the
whole Japan.

structural height, ground motion, and soil.

3.3. Future Outlook
In the field of HPC, the development of a system

capable of making comprehensive predictions on com-
pounding disaster risks is currently underway. The high
reusability of programs enabled by the DPP helps the sys-
tem achieve continuous expansion and upgrades. The sys-
tem is expected to make significant contributions to the
overall advancement of disaster prevention and mitigation
efforts.

4. Research and Development Related to Disas-
ter Information Extraction Using Earth Ob-
servation Satellites

4.1. Characteristics of ALOS-2
Equipped with PALSAR-2, an L-band synthetic-

aperture radar (SAR), ALOS-2 can monitor the earth’s
land surfaces at any time of day or night and in any
weather condition, in addition to offering the global ob-
servation, broad and periodic coverage, and disaster re-
sistance that are the hallmarks of satellites. In addition,
ALOS-2 can observe Japan and surrounding areas up to
twice a day. The exterior and primary characteristics of
ALOS-2 are shown in Fig. 15 and Table 8, respectively.

These features make ALOS-2 particularly effective in
capturing inundated areas following windstorms, floods,
tsunamis, earthquakes, and gathering other disaster-
related information. Because of space limitations, this
section will focus on torrential rain, which has been oc-
curring in Japan almost every year during the last few
years, to discuss the flooded areas identified by ALOS-2
and how the results are being utilized at disaster sites.

4.2. Flooded Areas Identified by ALOS-2 and On-
Site Application of Data

Results obtained by ALOS-2 were used to conduct a
detailed study on actual disasters, including the flooding
in Joso (Ibaraki) resulting from the torrential rains in the
Kanto and Tohoku areas in September 2015, Typhoon Li-
onrock and the torrential rains in Hokkaido in August
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Fig. 15. Exterior of ALOS-2 in orbit.

Table 8. Primary characteristics of ALOS-2.

Orbit
Type Sun-synchronous sub-

recurrent orbit (with a
revisit cycle of 14 days)

Altitude 628 km (over the equator)
Local sun
time

12:00 (noon) over the
equator (at descending
node)

Design life 5 years (target: 7 years)
Launch date May 24, 2014
SAR frequency L-band (1.2 GHz band)
Primary
observa-
tion
modes

High-
resolution

Resolution: 3/6/10 m
Observation width:
50/50/70 km

Wide-area
observation

Resolution: 100/60 m
Observation width:
350/490 km

2016, the heavy rainfalls in northern Kyushu in July 2017,
and the torrential rainfalls in western Japan in 2018. Here,
we will discuss the flooding of the Omoto River caused by
Typhoon Lionrock that resulted in a large number of ca-
sualties.

After receiving an emergency observation request from
the Ministry of Land, Infrastructure, Transport and
Tourism (MLIT), ALOS-2 observed the shorelines of
Iwate Prefecture on August 30 at 22:43 and submitted the
identified flooded areas to the MLIT the next morning.
Fig. 16 shows the results generated by ALOS-2 and the
actual flooded areas [35]. Overall, the results are consis-
tent with each other.

The data provided by ALOS-2 was used by the MLIT
to develop a helicopter route for conducting a disaster-
preparedness survey.

4.3. Summary
Information related to flooded areas and areas with

structural damage identified using ALOS-2 observation
images is linked to the real-time damage estimation, and
application system developed by NIED [36] and disas-
ter information systems operated by disaster management

Fig. 16. Flooded areas identified by ALOS-2 (right) and a
map showing actual flooded areas.

institutions via the ALOS-2 disaster information prod-
uct processing system. This allows users to use the data
in their own systems for disaster management and helps
identify the extent of damage more quickly.

5. Development of Disaster Information Sum-
marization System Using Social Media

The National Institute of Information and Communi-
cation Technology (NICT) has developed “D-SUMM,” a
disaster information summarization system which sum-
marizes the disaster reports from a specified area in a com-
pact format and enables rescue workers to quickly grasp
the situation. D-SUMM has been released on a trial basis
since 2016. This system was used in the disasters induced
by heavy rainfalls in Northern Kyushu in 2017.

5.1. Development of D-SUMM
One of the lessons we learned from the 2011 Great East

Japan Earthquake was that a large-scale disaster can de-
stroy infrastructure, disrupt lives, and cause many unpre-
dictable situations. Immediately after the disaster, mas-
sive amounts of useful information filled the internet, es-
pecially through social media platforms such as Twitter.
Nevertheless, because most people were overwhelmed by
the huge amount of information, they were unable to make
appropriate decisions and much confusion ensued.

In September 2015, an initiative called “Resilient Dis-
aster Reduction and Mitigation” (managed by the Japan
Science and Technology Agency (JST)), was launched
through the Cross-ministerial Strategic Innovation Pro-
motion Program (SIP), a program spearheaded by the
Council for Science, Technology, and Innovation of the
Cabinet Office. Under this initiative the development
of a disaster information summarization system called
D-SUMM began. D-SUMM automatically extracts dis-
aster reports from tweets from specified areas (prefec-
ture or municipality) and time periods to summarize
them. The development of D-SUMM greatly enhanced
a semantic-classification dictionary containing 28 million
words called Disaster Ontology. Initially, Disaster On-
tology contained 70 semantic categories in a single layer.
This structure was modified into a two-layer structure by
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Fig. 17. Example of a D-SUMM map display (trial version
for Kumamoto Earthquakes in Japanese).

creating an average of 11 semantic categories (subcate-
gories) under each of these 70 categories.

Although we created two layers of semantic categories,
not all words were properly classified into these cate-
gories. A special category called “unclassified” was cre-
ated in the second layer, and most of the words were
initially classified into this special category. Currently,
2.4 million words, which are considered particularly rel-
evant in a disaster situation, are assigned appropriate la-
bels in the second layer. By combining Disaster Ontology
with other dictionaries that we have created, we have com-
pleted D-SUMM, the world’s first system that automati-
cally extracts disaster reports from Twitter and organizes,
summarizes, and presents the content in a user-friendly
way. D-SUMM gathers reports that use similar expres-
sions and summarizes them into a single report to present
a more compact output. By producing summaries of dis-
aster reports for each of the sub-areas comprising a spec-
ified area (e.g., municipalities of Kumamoto Prefecture if
Kumamoto Prefecture is specified), this function enables
users to quickly understand what is happening in which
sub-area. Multiple categories can also be specified and
displayed on a map, along with the number of times an
item has been reported, making it easy to gain an overview
of disaster conditions on the map (Fig. 17).

5.2. Practical Application of D-SUMM
In January 2017, D-SUMM was incorporated into dis-

aster simulation drills conducted by the Tokyo Metropoli-
tan Government. 7,000 social media posts were prepared
on the basis of the scenario of a massive earthquake strik-
ing Tokyo to simulate a realistic situation for the drills.
An employee of the Tokyo Metropolitan Government who
participated in the drills said, “We realized that social me-
dia posts serve as important sources of information for un-
derstanding what’s going on right after the disaster.” An-
other commented that “local government officials must be
able to use such systems in the future.”

In April 2017, D-SUMM was also used in disaster sim-
ulation drills conducted by the Oita Prefectural Govern-
ment. We prepared 5,800 posts for the disaster simula-
tion drills based on the assumption that a Nankai Trough

earthquake had just occurred. In addition, during the dis-
asters induced by heavy rainfalls in Northern Kyushu in
July 2017, D-SUMM was used by the Oita Prefectural
Government. As a result, it was possible to quickly gather
disaster information. For example, the fact that a railway
bridge was washed away was discovered using social me-
dia posts earlier than Kyushu Railway Company did. A
person in charge commented that “the system was useful
because a wide range of information came from victims.”

D-SUMM has been used not only in natural disaster ex-
ercises, but also in a civil protection simulation drill. In
January 2018, the Iwate Prefectural Government used our
system in a civil protection simulation drill based on the
scenario that a terrorist attack occurred during an interna-
tional friendly rugby match during the Rugby World Cup
2019. This was the first attempt to use D-SUMM for a
civil protection simulation drill. We fine-tuned the system
so that terms and expressions related to terrorist attacks
will be handled properly. The drill was a great success,
and the systems received high marks for being particularly
effective, especially amid the confusion immediately after
the first attack.

Meanwhile, social media has caused confusion follow-
ing some natural disasters. During the heavy rainfalls in
July 2018, for example, “#rescue” was used in unintended
ways on Twitter. Further, false rumors spread on Twit-
ter and LINE following the 2018 Hokkaido Eastern Iburi
Earthquake. Efforts to advance the technologies discussed
in this section and to promote their widespread applica-
tion through repeated demonstration experiments must be
made to mitigate the confusion brought on by social me-
dia. In addition, improving the literacy of both providers
and recipients of information on social media is crucial to
enhance its applicability in disaster situations.

6. Development of Real-Time Monitoring
Technology for Volcanic Gases and Ash

In this project, we developed devices and systems that
automatically take measurements, transfer data, conduct
initial analyses on, and publish volcanic gas emission
rates, volcanic gas composition, and volcanic ash images
to allow users to grasp volcanic activities quickly and ac-
curately. The application of the devices made it possi-
ble to quickly grasp the activities of Shinmoedake and
Iwoyama volcanoes, which are part of Kirishima volca-
noes, just before they erupted in March and April 2018.

Volcanic gas emission rates change when magma rises
from the volcano and magmatic gases interact with hy-
drothermal systems. Emission of sulfur dioxide, in par-
ticular, suggests the involvement of magma. Monitoring
sulfur dioxide emission rates is therefore essential to un-
derstanding volcanic activities. In this project, we devel-
oped a zenith sky SO2 monitoring device (Fig. 18(a)) and
studied a technique for monitoring the emission rates of
sulfur dioxide on a real-time basis by installing the de-
vices and taking measurements at multiple locations. To
demonstrate the validity of this technique, we constructed
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Dryer

Fig. 18. (a) A main part of zenith sky SO2 monitoring de-
vice used for SO2 flux monitoring network. (b) Multi-GAS
for volcanic gas composition measurement. (c) VOLCAT
(Visual Observation Laboratory Capturing Ash Transition)
for on-site imaging of ash particles.

and operated an observation network in the southeastern
region of Sakurajima consisting of sites where the newly
developed devices were installed. In Sakurajima, we are
working to enhance our analysis technique while oper-
ating our observation network so as to be able to obtain
reliable measurements of sulfur dioxide emission rates
more frequently. In October 2017, the Shinmoedake vol-
cano erupted for the first time in six years. Following the
eruption, we installed our zenith sky SO2 monitoring de-
vices at three locations and began monitoring the volcano
in November 2017. While it is difficult to quantify sul-
fur dioxide emission rates by relying on measurements
from only these three locations, it is possible to moni-
tor changes in emission rates qualitatively. On March 1,
2018, an even larger eruption occurred at Shinmoedake,
roughly four and a half months after the eruption in 2017.
The monitoring conducted as part of this project sug-
gested the possibility that gas emissions began to intensify
about a week before the March 1 eruption. Further, this
project revealed that Shinmoedake was emitting a large
amount of volcanic gases, in accordance with increasing
levels of volcanic tremors, on March 1 before the eruption
was confirmed by ash fall.

Measuring volcanic gas composition is useful for cap-
turing changes in volcanic activities, since the composi-
tion fluctuates according to changes in the temperatures
and pressures of magma and hydrothermal systems. In
the past, however, observation was not conducted fre-
quently since samples had to be taken directly for anal-
ysis. Further, analysis required a great deal of time.
In this project, by upgrading a multicomponent gas an-
alyzer system (Multi-GAS) that automatically measures
volcanic gas composition, we developed a system capa-
ble of automatically taking repeated measurements of vol-

canic gas, transferring measurement data, and conducting
initial analysis (Fig. 18(b)). The Multi-GAS was installed
and currently operates at Sakurajima, which is erupting
regularly, as well as at Shinmoedake and Iwoyama, where
activity has increased. We began observing Iwoyama in
July 2017, because of increasing fumarolic activity since
2016. Our observation revealed that, two to three months
before the eruption of Iwoyama on April 19, 2018, the
SO2/H2S molar ratio in its volcanic gases increased from
0.01 to roughly 1. By measuring such abrupt changes
in volcanic gas composition in real time, the device will
likely make it possible to quickly assess the possibility of
volcanic eruption.

Volcanic ash has been used to grasp changes in vol-
canic activities since its composition reflects the type of
volcanic eruption and samples can be collected relatively
safe. However, since volcanic ash observation was con-
ducted in laboratories in the past, it took at least half
a day to collect samples on site and transmit observa-
tion data. We developed a portable automated volcanic
ash sampling and analysis device, or Visual Observation
Laboratory for Capturing Ash Transition (“VOLCAT”;
Fig. 18(c)), with the goal of expediting volcanic ash ob-
servation and data transmission. This device, when in-
stalled in ash fall areas, can automatically sample, clean,
dry, classify, and capture microscopic images of volcanic
ash, and transmit data to a specified server within set time
intervals. In response to the eruption activities of the
Shinmoedake volcano, which has been active since Oc-
tober 2017, we installed VOLCAT at NIED’s V-net Hi-
namoridai observation point at Kirishima volcano and be-
gan monitoring volcanic ash. From our observations we
were able to capture microscopic images of volcanic ash
generated by the eruptions of Shinmoedake that occurred
between March 13 and 15 in 2018. The images of the vol-
canic ash we obtained largely consisted of angular parti-
cles ranging in color from black to paler colors, resem-
bling the volcanic ash generated by Vulcanian eruptions,
which explode shattered crystalized lava domes accumu-
lated in shallow conduit regions. VOLCAT has the poten-
tial to become a new tool for quickly capturing changes in
eruption activities.

We also developed an information platform for com-
piling data obtained using the various monitoring devices
and displaying them on websites through data application
systems for disaster response support [36]. This platform
aids creating an environment for helping both central and
local governments to obtain information on volcanic ac-
tivities quickly and to make effective decisions based on
the observation data and advice of researchers. Further,
we developed a trial version of a volcanic disaster sur-
vey support function for quickly gathering updates on ash
falls and other volcanic activities, likewise contributing to
an environment where information can be shared. Data
obtained using observation devices installed at Sakura-
jima and Kirishima volcanoes are shared virtually in real
time with researchers, JMA, local governments, and oth-
ers working in volcanic disaster prevention.
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Fig. 19. Development of technology for Infrastructure Dam-
age Detection.

7. Development of Real-Time Collection, Inte-
gration, and Sharing Technology for Infras-
tructure Damage Information

At the time of occurrence of a disaster, the officials of
the Regional Development Bureaus, and so on, who are
engaged in disaster-response activities, are required to es-
tablish initial disaster response system and take appropri-
ate decisions based on the limited information and the sit-
uation changing moment by moment.

To address this problem, “a real-time collection, inte-
gration, and sharing technology for infrastructure damage
information” has been developed aiming to support de-
cision making based on the chronological passage of the
disaster and implement a suitable system for the initial re-
sponse, such as emergency lifesaving work (Fig. 19). This
technology has been steadily implemented and applied
to provide information for officials in charge of disaster
response during torrential rains or earthquakes. To pro-
mote technological development based on the information
needs on the site of disaster response. Interview surveys
were conducted in order to clarify the information needs
in the case of the 2016 Kumamoto Earthquakes. While
the information needs are arranged along the time axis,
the method is expected to evaluate the current situation
of technology to grasp infrastructure damage information
based on the three indices of “promptness,” “coverage,”
and “reliability” in this survey. Please refer to the litera-
ture [37] printed in this issue of JDR for details.

8. Conclusion

We developed a real-time damage estimation system
with the aim of helping organizations establish a first
response system as quickly as possible in the event of
earthquakes and other natural disasters. With respect to
real-time damage estimation, the system is able to pre-
dict the distribution of strong ground motion, structural

damage, and casualties, displaying the data on the web-
site in roughly 10 minutes after a major earthquake, while
outputting digital data in a reusable format. With regard
to damage estimation, we developed a system that as-
sesses damage by identifying damage over an extensive
area through satellite image analysis, summarizing disas-
ter information based on social media posts and utilization
of CCTV cameras or SAR images among other methods.
These systems were used for disaster response during the
2016 Kumamoto earthquakes, and demonstrated their ef-
fectiveness. In addition, a system was developed to mon-
itor volcanic gases and ash for volcanic eruptions, now
installed at Sakurajima and Mt. Kirishima.

While the spatial distribution of damage from the Ku-
mamoto earthquakes estimated by the damage estimation
system was qualitatively consistent with the actual dam-
age, the system tended to overestimate the extent of dam-
age in terms of quantity. Potential future topics of study
include making improvements to the system’s tendency to
overestimate the number of damaged buildings and show-
ing the results of estimation as values with a certain width.
Another goal is to further develop the system so that it
can connect and integrate damage estimates more organi-
cally, and information on actual damage can be identified
through various means while sending necessary informa-
tion to institutions as needed.

One of the biggest goals of SIP is social implemen-
tation of research outcomes. Throughout our research
and development projects we encouraged private corpo-
rations, local governments, and other institutions to make
use of our real-time damage estimates and information
on actual damage in disaster response, business conti-
nuity planning, and disaster management business. As
part of our efforts, we have launched a hazard risk ex-
periment consortium and are developing a mechanism
through which we can share damage estimates with par-
ticipating institutions, so that they can respectively make
use of the information according to their needs. Through
this initiative, we are studying a framework for the full-
scale implementation of the system, identifying issues,
and discussing possible solutions.

We will continue to further enhance and implement
the system in collaboration with the affiliated institutions
so that our real-time damage estimation system can be
used effectively in responding to earthquake, tsunami,
and heavy rainfall disasters caused by major earthquakes
such as the Nankai Trough earthquakes and massive earth-
quakes in Tokyo that are believed likely to happen in the
future. At the same time, we will need to examine how
to develop a framework that enables stable operation and
management of the system, which is one of our biggest
challenges for the future.
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