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1. Introduction

The Eastern Asia region is an area with high risk of
catastrophic natural disasters such as earthquake, tsunami, and
volcanic eruption. In today’s highly globalized economy, when a
major disaster occurs, it can create unpredictable turmoil not
just in the affected area but also the rest of the world.
Countermeasures against these disasters are crucial for the
sustainable economic development of the region. We think that
continuous efforts to develop an effective international framework
to reduce the risk of earthquake, tsunami, and volcanic hazards
are very important. The Sumatra-Andaman earthquake on
December 26, 2004 and Tohoku earthquake on March 11, 2011
clearly show the urgency of developing an information and
knowledge system for infrequent natural hazards. The volcanic
ash ejected from Eyjafjallajokull eruptions in Iceland on April
2000 caused more than 20,000 commercial flight cancellations a
day in Europe, resulting in the largest air-traffic shut-down since
World War II. The G-EVER (Asia Pacific Region Earthquake and
Volcanic Eruption Risk Management) Consortium promotes
earthquake and volcanic hazards reduction activities through the
collaboration of different research institutes worldwide. The
“Eastern Asia Earthquake and Volcanic Hazards Information Map”
is the first published map created by the G-EVER Consortium.

The Eastern Asia Earthquake and Volcanic Hazards Information
Map shows geology and tectonics (Chapter 2), active faults
(Chapter 3), earthquakes hypocenters and source areas (Chapter
4), fatalities of major earthquakes (Chapter 5), tsunami hazards
(Chapter 6), distribution of volcanoes (Chapter 7), calderas,
pyroclastic falls and ignimbrites (large-scale pyroclastic flows;
Chapter 8), and fatalities of major volcanic events (Chapter 9).
We believe that this hazards information map will provide useful
information for earthquake, tsunami, and volcanic disaster
mitigation efforts.

(Eikichi Tsukuda and Shinji Takarada)

2. Geology and tectonics of Eastern Asia region

The occurrences of earthquake and volcanic hazards are closely
related with the geological settings. The geological map is
recompiled on the basis of the Geological Map of Asia
1:5,000,000 (Teraoka and Okumura, 2011) and Digital Geologic
Map of East and Southeast ASIA 1:2,000,000 2nd edition (Wakita
et al., 2004). Since the Eastern Asia Earthquake and Volcanic
Hazards Information Map is 1:10,000,000 in scale, the legend is
simplified from the original geological maps. Sedimentary,
extrusive and metamorphic rocks are subdivided into Q
(Quaternary; 2.58-0 Ma), Tpn (Paleogene to Gelasian; 66.0-1.81
Ma), Qp (Quaternary large-scale ignimbrite; <74ka), TnQ
(Middle Miocene to Calabrian; 15-0.78 Ma), KTp (Late
Cretaceous to Eocene; 100.5-33.9 Ma), Mz (Mesozoic; 252.1-66.0
Ma), PTr (Late Permian to Middle Triassic; 259.8-236.8 Ma), Pz2
(Devonian to Early Triassic, 419.2-247.4 Ma), Pzl (Late
Proterozoic to Silurian; 1000-419.2 Ma), SD (Silurian to
Devonian; 443.4-358.9 Ma), Pz (Paleozoic: 541.0-252.1 Ma),
PrPz1 (Middle Proterozoic to Early Ordovician; 1600-471.8 Ma),
and P-€ (Precambrian; > 541.0 Ma). The intrusive rocks are
subdivided into Cz i (Paleogene to Early Pleistocene; 66.0-0.78
Ma), Mz i (Late Permian to Cretaceous; 260.4- 66.0 Ma), Pz2 i
(Late Paleozoic; 419.2-252.1 Ma), Pzl i (Early Paleozoic;
541.0-419.2 Ma), and P-€ i (Precambrian; >541.0 Ma). Rock
types of Phanerozoic extrusive volcanic rocks are subdivided into
felsic (rhyolite, dacite, trachyte, and trachydacite), felsic to
intermediate (rhyolite, dacite, andesite, trachyte, trachydacite, and
trachytic andesite), intermediate (andesite, basaltic andesite,
trachytic andesite, and basaltic trachyandesite), intermediate to
mafic (andesite, basaltic andesite, basalt, trachyandesite, basaltic
trachyandesite, and alkali basalt), mafic (basalt and alkali basalt),
and undifferentiated. Rock types of intrusive rocks are subdivided
into felsic (eg. granite), intermediate (eg. diorite), mafic (eg.
gabbro) and ultramafic rocks/ophiolite.

Relatively younger volcanic rocks (Q, Tpn, TnQ and Cz i) are
mainly distributed in island arcs, such as Japan, Philippines,
Indonesia, and Papua New Guinea. Therefore, volcanic hazards
occur in these countries. The collision of the Indian and Eurasian

plates resulted to significant deformations at the Himalayas and
mainland China. Therefore, intracontinental earthquakes cause
earthquake disasters in these regions. The worst earthquake in the
world (M8.0, 830,000 fatalities) occurred in Shaanxi of China on
January 23, 1556.

Plate boundary data are displayed on this map. The plate
boundaries are drawn based on Yeats (2012), Bird et al. (2003)
and Kato and Eastern Asia Natural Hazards Mapping Project
(2002). The plate boundary data around Philippines is based
on PHIVOLCS (2008). Relatively large-scale earthquakes
(Magnitude 7-9) occur along the subductions zones (Chapter 4).
The largest earthquakes in this map area occurred off the
northwestern coast of Sumatra, Indonesia (Mw9.1) on Dec. 26,
2004 and off the coast of Tohoku, Japan (Mw9.0) on March 11,
2011.

Etopol (Amante and Eakins, 2009) and SRTM30 Plus (Becker
et al., 2009) are used as shaded relief on land and bathymetry

maps.
(Shinji Takarada)

3. Active faults

Distribution of active faults in eastern Asia and its surroundings
has been compiled from various sources including maps and
scientific papers (Abers and McCaffrey, 1988; Adiya et al., 2003;
Bayasgalan et al., 2008; Central Geological Survey, MOEA,
2010; Choi et al., 2014; Delinom, 2009; Deng et al., 2007,
Department of Mineral Resources, 2006; Hall, 2002; Kumahara
and Nakata, 2005; Nakata ef al., 1991; Petit et al., 1996; Ruleman
et al., 2007; Styron et al., 2010; Supartoyo et al., 2005; Tingay et
al., 2010; Tregoning et al., 2005; Tsutsumi et al., 2005; Walker et
al., 2007,2008; Wang et al., 2014). Unpublished digital data
provided by the Headquarters for Earthquake Research Promotion
(HERP), Philippine Institute of Volcanology and Seismology
(PHIVOLCS) and Vietnam Academy of Science (VAST) were
used for the active faults distribution in Japan, Philippines, and
Vietnam, respectively. Similar mapping efforts were made as part
of the International Lithosphere Program (ILP) Project II-2
“World Map of Major Active Faults’’ as reported by Trifonov
(2004). Active faults, generally defined as faults that show recent
evidence of repeated movement and have the potential to slip
causing earthquake in the future, are one of the primary elements
in geological hazard (e.g., England and Jackson, 2011). A large
quantity of maps and papers dealing with active faults in the
Eastern Asian region has been published. Multiple fault data
sources with significantly different results are present in some
countries and regions. Data published by government agencies
were preferred. The quality of active fault distribution on this map
is not uniform, because definition of active fault, progress in
active fault research, and map scale used during compilation vary
in each country and region. Some active faults have considerable
uncertainties in their location due to differences in scale and
projection between the map and original data. On the map,
confirmed active faults, inferred active faults, and concealed
active faults are shown in red solid lines, broken lines, and dotted
lines, respectively. Names of major active faults (Altyn Tagh
fault; Chaman fault; Chelungpu fault; Haiyuan fault; Himalayan
Front fault; Itoigawa-Shizuoka Tectonic Line; Kunlun fault;
Longmenshan fault zone; Median Tectonic Line; Philippine fault;
Red River fault; Sagaing fault; Sumatran fault; and Talas-Fergana
fault) are denoted on the map. Note that active folds and offshore
active faults as well as active faults with relatively low-activity
and/or short length are also not included on this map. Hence,
areas with no mapped active fault may be exposed to risk of
earthquakes. Characteristics of major active faults that are
included on this map were summarized by Yeats (2012).

(Tadashi Maruyama)
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4. Earthquakes hypocenters and source areas

The hypocenter parameters of historical earthquakes (1000-
1899) were adapted from the catalog of the Global
Historical Earthquake Archive (1000-1903) (Global Earthquake
Model, 2015). The ISC-GEM catalog by Storchak et al. (2013) is
used for the earthquakes from 1900 to 2011. For the recent
earthquakes (2012 to September, 2015), data from the Preliminary
Determination of Epicenters of United States Geological Survey
(USGS) are used. Only earthquakes with magnitudes equal to and
larger than 6 are shown on the map based on the ISC-GEM data.

Earthquake source regions shown for major earthquakes (Table
1) are selected using the following procedure. The data of the
Preliminary Determination of Epicenters by USGS are mainly
used for the source area delineation. Earthquakes with focal depth
equal to and shallower than 60km and with magnitude equal to
and larger than 7.5 are chosen. The earthquake catalog of Japan
Meteorological Agency is used for events in and around Japan,
since the accuracy of hypocenters is more reliable. However,
magnitude 7.0 is the minimum events shown with source region
in and around Philippines. The source region of each event was
mainly estimated from the aftershock distribution within one
month after the main shock. The regions of 1920, 1927, 1950, and
1970 January 4 events are estimated by the intensity maps of the
Department of Earthquake Preparedness and Mitigation of State
Seismological Bureau (1999). The IX equal intensity line of
Chinese intensity scale is adapted for the source region. The 1905
event is based from Avouac (2007) while the 1934 event is based
from Sapkota et al. (2013). Other than these events, the spatial
distribution of one-month aftershocks was used to delineate the
source area. Major earthquakes, which generated the severe
damage to each country in early 20th century, are selected below,
because USGS did not make earthquake catalog in this period.

Japan

The March 11, 2011 M9.0 earthquake (East off Tohoku
earthquake) was the biggest one in and around Japan. It was an
interplate thrust event between the North American and Pacific
plates that generated huge tsunami along the east coast of Tohoku
district of Japan (see Chapter 6 Tsunami Hazards).

China

The 1920 Haiyuan (Gansu) M8.3 earthquake (Department of
Earthquake Preparedness and Mitigation of State Seismological
Bureau, 1999) was one of the biggest in China. It was an intraplate
strike slip event that occurred along the Hayuan fault. The 1976
Tangshan M7.6 earthquake was also an intraplate strike slip event
that killed more than 240,000 people. The earthquake caused extensive
damage to a modern city with more than one million populations.

Nepal

The 2015 Gorkha M7.8 earthquake was an interplate thrust
event between the Eurasian and Indian plates. It occurred in
central Nepal and caused extensive damage. The 1934 Bihol
MS8.0 earthquake was the biggest earthquake in Nepal that
killed about 10,700 people. More than half of the buildings in
Kathmandu were damaged including the Indian side.

Philippines
The 1990 Baguio (Luzon) M7.7 earthquake was an intraplate
strike slip event that occurred along the Philippine fault.

Indonesia

The 2004 Sumatra-Andaman M9.1 earthquake generated the
huge tsunami that caused extensive damage in many countries
around Indian Ocean. It was an interplate thrust event between the
Eurasian and Indo-Australian plates.

Table 1. Hypocenter parameters of earthquake source regions, which shown on the map. When the local time date is different from

the origin time, the local time date is shown onthe map.

igin time Origin time

(yl;ynyg,mm/“(lé:)e) M:g(;:;ude nl:lol&e:t) L-g:;te Louél)nde x:&t;x Local time date| Location (myg;:lm, M(I;;)!) e hl:[/lo:}:;::) L-g;;ne Lon(i;udc lzle:;;n Local time date Location
2015/4/25 6:11 M7.8 Mw7.9 | 282 847 82 Gorkha, Nepal 1994/10/4 13:23 M83 | Mw83 | 439 | 1472 | 300 Hokkaido toho-oki, Japan
2015/329 23:48 M75 | Mwl4 47 1526 [ 410 New Ireland, Papua New Guinea 1994/6/2 18:17 M78 | MwZ8 | 105 | 1129 | 180 [1994/6/3 South off Java, Indonesia
20141115 231 M7.1 | Mw7.0 19 1265 | 450 Moucca Passage, Indonesia 1994/1/21 224 M7.0 | Mw69 | 11 1277 [ 192 Halmahera, Indonesia
2013/10/15 0:12 M7.1 Mw7.1 9.9 124.1 19.0 Bohol, Philippines 1993/8/8 8:34 M7.8 Mw7.7 13.0 1448 | 59.0 |Guam, USA.
2012/8/31 12:47 M6 | Mwl6 10.8 1266 | 280 East off Philippines 1993/1/12 13:17 M77 | MW7 | 428 1392 | 200 Hokkaido Nansei-oki, Japan
2012/4/11 838 M6 | Mws.6 23 9.1 200 Far off Sumatra, Indonesia 1992/12/12 529 M7.7 | Mw17 | 85 1219 [ 280 Flores, Indonesia
2012/4/11 10:43 M82 | Mw82 08 925 25.1 West off North Sumatra, Indonesia 1992/5/17 10:15 M72 | Mwi2 | 72 1267 [ 30.0 Mindanao, Philippines
2011/3/11 5:46 M9O | Mw90 | 383 1425 [ 200 East off Tohoku, Japan 1991/12/22 8:43 M76 | MwZ6 | 455 1511 | 253 East off Urup, Russia
20101221 17:19 M74 | Mw74 | 269 1438 | 200 2010012122 Bonin, Japan 1991/6/20 518 M75 | Mw75 | 12 1228 [ 300 [North Sulawesi, Indonesia
201010125 14:42 M78 | Mwi38 35 100.1 17.6 Mentawai, Indonesia 1990/7/16 7:26 M7.7 | Mw17 | 157 1212 | 244 Baguio, Luzon, Philippines
2010/4/13 23:49 M69 | Mw6S | 332 96.7 15.0 [2010/4/14 Qinghai (Yusu), China 1990/4/18 13:39 M76 [ Mw6 | 12 1229 | 366 [North Sulawesi, Indonesia
2010/4/6 22:14 M78 | Mw78 23 97.1 200 |2010/4/7 West off North Sumatra, Indonesia 1989/12/15 18:43 M75 | Mw75 | 84 1266 | 275 |1989/12/16  |Mindanao, Philippines
2009/9/2 7:55 M7.0 | Mw7.0 18 1074 | 460 South off Java, Indonesia 1988/2/24 3:52 M72 | Mw72 | 135 1246 | 281 Cataduanes, Philippines
2009/2/11 17:34 M7 | MwTl 38 1265 | 250 [2009/2/12 Indonesia 1987/10/16 20:48 M73 | Mw13 | 62 149.1 | 450 |1987/10/17  |New Britain, Papua New Guinea
2009/1/3 19:43 M7.7 | Mwl.6 05 1327 | 30.0 |2009/1/4 [Northeast Iryan Jaya, Indonesia 1986/11/14 21:20 M74 | Mw73 | 240 | 1218 [ 350 |1986/11/15  |East Taiwan
2008/11/16  17:02 M74 | Mwi3 13 1221 340 |2008/11/17 North Sulawesi, Indonesia 1986/8/14 19:39 M75 | Mw7S | 19 1265 | 32.3 |1986/8/15 Moucea Passage, Indonesia
2008/5/12 6:28 M79 | Mw69 | 310 103.4 10.0 Wenchuan, China 1985/8/23 12:42 M70 [ Mw69 | 394 753 | 300 West Xinjiang, China
2007/9/12 11:10 M85 | Mwss 44 1015 | 340 South off Sumatra, Indonesia 1983/5/26 3:00 M7.7 | Mw17 | 404 | 1392 | 151 Nihonkai-chubu, Japan
2007/1/21 11:27 M7.5 | Mw7.s 11 1263 | 220 Molucca Sea, Indonesia 1982/1/11 6:10 M71 | Mw7.l | 139 | 1244 [ 318 Cataduancs, Philippines
20061226 12:26 M70 | MwIO0 | 218 1206 | 100 South off Taiwan 1980/6/18 17:14 M69 | Mw6d | 51 1522 | 51.0 New Britain, Papua New Guinea
2006/7/17 8:19 M7.7 | Mw7.7 93 1073 | 253 South off Java, Indonesia 1979/9/12 517 M75 | Mwl5s | .17 1360 [ 200 Irian Jaya, Indonesia
2005/10/8 3:50 M7.6 | Mwl6 | 345 736 15.0 Pakistan 1978/7/23 14:42 M72 | Mw72 | 222 1214 | 250 South off Taiwan
2005/3/28 16:09 M86 | Mws.6 2.1 972 30.0 Nias, Indonesia 1978/6/12 8:14 M76 | Mwl6 | 382 1420 | 450 off Miyagi, Japan
20041226 0:58 M9l | Mwd.l 33 96.0 300 Sumatra, Indonesia 1978/3/23 3:14 M7.6 | Mwi6 | 442 1490 | 350 South off Etrof, Japan
200411711 21:26 M7.5 | Mw7.s 82 1248 | 13.0 |2004/11/12 Alor, Indonesia 1977/8/19 6:08 M83 | Mw83 | -112 | 1184 |[250 South off Sumbawa, Indonesia
2003925 19:50 M83 | Mw83 | 419 143.9 | 300 [2003/9/26 Tokachi-oki, Japan 1977/3/18 21:43 M72 | Mwi2 | 167 | 1222 | 300 [1977/319 Luzon, Philippines
2003/5/26 19:23 M69 | Mwé9 23 1289 | 310 |2003/5/27 North off Halmahera, Indonesia 1976/8/16 16:11 M0 | Mw80 | 62 1240 [ 200 [1976/8/17 Moro Gulf, Philippines
2002/1172 1:26 M72 | Mwi2 29 96.1 28.1 Northwest off Sumatra, Indonesia 1976/7/21 19:42 M7.6 | Mw76 | 396 | 1181 |[153 [1976/7/28 Tangshan, China
2002/10/10  10:50 M6 | MwTS -17 1343 [ 200 West Iriyan Jaya, Indonesia 1975/10/31 8:28 M7.5 126 | 1261 | 230 Samar, Philippines
2002/9/8 18:44 M7.6 | Mwi.6 34 1430 | 13.0 200299 [North New Guinea, Papua 1975/7/20 19:54 M7.3 12 1553 [ 450 [1975/7/21 Bougainville, Solomon
2002/3/5 21:16 M75 | Mw7.5 6.0 1242 | 250 [2002/3/6 South Mindanao, Philippines 1973/6/17 3:55 M7.8 432 1458 | 44.3 Nemuro offshore, Japan
2001/11/14 926 M78 | Mwlsg 360 90.5 10.0 China 1972/12/2 0:19 M8.0 64 1266 | 60.0 Mindanao, Philippines
2001/10/19 328 M75 | Mw74 4.1 1240 | 150 Banda Sea, Indonesia 1972/4125 19:30 M7.5 134 | 1203 | 250 |1972/4/26 Mindoro, Phlippines
2001/1/1 6:57 M74 | Mwl4 69 1266 | 360 Southwest Mindanao, Philippines 1971/7/14 6:11 Ms.0 55 1539 | 40.0 Papua New Guinea
2000/11/17  21:01 M78 | MwTsg 55 1519 [ 37.4 [2000/11/18 New Ireland, Papua New Guinea 1971/1/10 717 M7 32 1397 | 300 Irian Jaya, Indonesia
20001116 4:54 M0 | Mws.0 4.0 1523 | 300 New Ireland, Papua New Guinea 1970/4/12 401 M6.9 15.1 1221 [ 225 Luzon, Philippines
2000/8/4 21:13 M68 | Mw63 | 487 1424 | 150 |2000/8/5 Uglegorsk, Sakhalin, Russia 1970/4/7 5:34 M7.4 15.8 1216 | 250 Luzon, Philippines
2000/6/4 16:28 M79 | Mwls 46 102.1 350 South off Sumatra, Indonesia 1970/1/4 17:00 M7.1 242 | 1025 | 113 [1970/1/5  Tonghai, China
2000/5/4 421 M75 | Mwls -11 1236 | 300 East Sulawesi, Indonesia 1969/8/11 21:27 M3.2 34 | 1479 [ 300 [1969/8/12 South off Shikotan, Japan
1999/12/11  18:03 M72 | Mwi2 15.8 1198 | 40.0 |1999/12/12 'West Luzon, Philippines 1968/8/10 2:07 M7.6 15 1262 | 23.0 Molucca Passage, Indonesia
1999/9/20 17:47 M6 | MwI6 | 238 1208 | 250 [1999/9/21 Chi-Chi, Taiwan 1968/8/1 20:19 M7.6 163 1221 | 250 |1968/8/2 Casiguran, Luzon, Phlippines
1999/3/4. 8:52 M7.1 | Mw7.l 53 1218 | 150 Celebes Sea, Philippines 1968/5/16 0:49 M8.2 409 | 1434 [ 299 Tokachi-oki, Japan
1998/1129  14:10 M7.7 | Mwl7 -19 1248 | 250 Taliabu, Indonesia 1966/3/12 16:31 M7.5 24.1 1226 | 30.0 |1966/3/13 East off Taiwan
1998/1028  16:25 M65 | Mw6S 0.9 1258 | 350 [1998/10/29  [Molucca Sea, Indonesia 1965/1/24 0:11 M82 26 1260 | 200 Cream Sea, Indonesia
1998/5/3 23:30 M75 | Mwld4 | 225 1255 | 200 |1998/5/4 South off Ishigaki, Japan 1964/6/16 401 M7.6 384 | 1393 | 150 Niigata, Japan
1997/11/8 10:02 M75 | MwlSs | 351 874 20.0 Xizang, China 1952/3/4 1:22 Ms.1 2.1 1439 | 450  Tokachi-oki, Japan
1996/7/22 14:19 M70 | Mw7.0 1.0 1205 | 284 North Sulawesi, Indonesia 1951/11/24 18:50 M7.8 23.1 1212 | 300 |1951/11/25 Southwest of Taiwan
1996/6/11 18:22 M7.1 | Mw7.l 127 1252 | 317 |[1996/6/12 Samar, Phlippines 1950/8/15 14:09 M8.6 284 964 | 150 Assam, India
1996/4129 14:40 M72 | Mwl2 65 1550 | 350 |1996/4/30 Bougainville, Papua New Guinea 1946/12/20 19:19 Ms.3 33.1 1359 | 150 |1946/12121 [Nankai, Japan
1996/2/17 5:59 M82 | Mws2 09 1369 [ 200 Irian Jaya, Indonesia 1944/12/7 435 Ms.1 337 | 1362 | 150 Tonankai, Japan
1996/1/1 8:05 M7.9 | Mwl.9 07 1200 | 335 North Sulawesi, Indonesia 1935/12/28 235 M7.6 03 983 [ 300 West off Smatra, Indonesia
1995/12/3 18:01 M79 | Mwl9 | 447 1493 | 283 |1995/12/4 East off Etrof, Japan 1934/1/15 8:43 Ms.0 269 866 | 150 Bihar, Nepal
1995/8/16 1027 M77 | MwlT 58 1542 [ 250 Bougainville, Papua New Guinea 1927/5/22 2:32 M7 376 | 1025 [ 150 [1927/5023 Gulang, China
1995/5/27 13:03 M70 | Mwi.0 | 526 1429 | 129 [Neftegorsk, Sakhalin 1923/9/1 11:58 M7.9 353 | 1391 | 230 Kanto, Japan
1995/4/21 0:34 M72 | Mw7.l 12.1 1256 | 241 Samar, Phlippines 1920/12/16 12:05 Ms.3 369 | 1056 [ 150 Haiyuan, China
1994/12/28  12:19 M77 | MWIT | 405 1434 | 248 Sanriku haruka-oki, Japan 1905/4/4 0:49 M7.9 326 768 | 200 Kangra, India




Papua New Guinea

The 2000 New Ireland M8.0 earthquakes was a strange event.
First, an M8.0 earthquake occurred off the coast of New Ireland
Province. It was an interplate strike-slip event between the north
and south Bismarck plates. It occurred along the transform fault
on November 16 at 04:54 UTC. The M7.8 earthquake followed at
07:42 UTC. It was a thrust event between the Solomon Sea Plate
and the south Bismarck plate located around 175 km south of the
first earthquake. On November 17 at 21:01, the M7.8 third event
occurred around 170 km southwest of the first event. It was a
thrust event same as the second one.

(Yuzo Ishikawa)

5. Fatalities of Major Earthquakes

Earthquake Fatalities Map is compiled to facilitate visual
understanding of earthquake disasters in terms of their number of
fatalities (deaths) and the main causes of deaths. Major disastrous
earthquakes in terms of number of fatalities are selected in each
country or region: all the recent (after 1850) events with fatalities
more than 1,000 (hereafter, F1000 event) are included; for a
country with less than three F1000 events, two F100-F10 events
are added; for a country with no F1000 events, up to two F100
events or one worst earthquake with fatalities are added. The
number of fatalities is categorized by five causes; structure
(building) damage, tsunami, landslide, fire, and others (related
death), when possible. It is important to understand that an
earthquake and ground motions do not directly kill people, but
vulnerable structures, fire, landslide, or tsunami do. The number
of fatalities is based on the Significant Earthquake Database
(NGDC/WDS) provided by NOAA when no references are cited.

Japan

Subduction zones and active faults are the main sources of
hazardous earthquakes in Japan. Disastrous earthquakes with
more than 1,000 casualties after 1850 are shown on the map
(Table 2). These include eight subduction earthquakes (including
an outer-rise quake), seven earthquakes on the active faults, and
one with unknown source.

Table 2. List of disastrous earthquakes in Japan (after 1850AD
and >1,000 fatalities).

Date Name Mj | Number of fatalities | Reference
(yyyy-mm.dd)
2011.03.11 Tohoku 9 | 21,839 (S:60, Fire and Disaster Management
T:18,418, L:30, Agency, Reconstruction
0:3,331) Agency, Kahoku shinpo (local
o newspaper), National Police
Agency of Japan
1995.01.17 Kobe 7.3 | 6,437 (S:5075, L:40, Include 3 persons missing
F:403, 0:919)
1948.06.28 Fukui 7.1 | 3,728 (S, F)
1946.12.21 Showa 1,443 (S:860, T:583) | Kawasumi and  Sato
Nankai 8.0 (1947), Kanai ot al. (1947)
1945.01.13 Mikawa 6.8 | 2,306 (S) Tida (1978), CDPC (2007)
1944.12.07 Showa 79 1,230 (8:779, T:451) | lida (1977), CMO (1945),
Tonankai i CDPC (2007)
1943.09.10 Tottori 7.2 1,083 (S)
1933.03.03 Showa g.1 | 3:064(T)
Sanriku }
1927.03.07 Kita-Tango | 7.3 | 2,925 (S)
1923.09.01 Kanto 7.9 | 105,385 (S:12,591, | Moroi and Takemura (2004),
T:325, L:688, CDPC (2006)
F:91781)
1896.06.15 Meiji 7.6- | 21,959 (T)
Sanriku 8.2
1891.10.28 Nobi 8.0 | 7,273 (S)
1855.11.11 Ansei Edo 7.1 | 10,000 (S:8,000, Nakamura and Matsuura
F:2,000) (2011), CDPC (2004)
1854.12.24 Ansei 8.4 | 3,000 (S:1,500,
Nankai T:1,500)
1854.12.23 Ansei Tokai | 8.4 | 3,000 (S:1,500,
T:1,500)

S: Structure, T: Tsunami, L: Landslide, F: Fire, O: Other related death

Among the eight subduction earthquakes, three are related to
the Japan Trench (1896 Meiji Sanriku, 1933 Showa Sanriku, 2011
Tohoku), four of them are on the Nankai Trough (1854 Ansei
Tokai, 1854 Ansei Nankai, 1944 Tonankai and 1946 Tonankai),
and one is on the Sagami Trough (1923 Kanto). Principal cause of
death varies by source region; Tsunami for the Japan Trench,
tsunami and structure damage for the Nankai Trough, fire and
structure damage for the Sagami Trough: 1923 Kanto earthquake.

The seven disastrous earthquakes that were attributed to the

active faults are the 1847 Zenkoji, 1891 Nobi, 1927 Tango, 1943
Tottori, 1945 Mikawa, 1948 Fukui, and the 1995 Kobe
(Hyogo-ken Nanbu) earthquakes. These earthquakes occurred just
beneath cities causing huge numbers of structural collapse and
succeeding fire, which resulted in many casualties. The 1855
Ansei Edo (Edo: previous name of Tokyo) earthquake occurred
beneath Edo city but with unknown source, causing many
casualties due to structural damage and fire. Table 1 shows the
number of fatalities which was compiled from many reports.

Bangladesh
Active faults are the main sources of disastrous earthquake in
Bangladesh.

China

Active faults are the main sources of disastrous earthquake in
China. Twenty disasters in the 19th and 20th centuries are shown
on the map with two historically deadliest ones in 1303 and 1556
(Table 3). The 2008 Wenchuan earthquake caused 87,210
fatalities, 20,000 of them by landslides (Huang and Fan, 2013).
The 1933 Maowen earthquake caused 9,300 deaths including
2,500 caused by flooding and landslide resulted from a
natural-dam break (EERI, 2008).

Table 3. List of disastrous earthquakes in China (after 1850AD,
two significant historical events and >1,000 fatalities).

Date Name M | Number of fatalities Reference
(yyyy-mm.dd)

2010.04.14 Yushu 69 [2,968(s) Lou (1996)
2008.05.12 ‘Wenchuan 8.1 |87,587(8:67,210, L:20,377) Huang and Fan (2013)
1976.07.28 Tangchan 7.6 [242,800 (S) Lou (1996)
1975.02.04 Haicheng 7.3 |1,328(S) Lou (1996)
1974.05.10 Zhaotang 7.1 [1,541(8) Lou (1996)
1970.01.04 Tonghai 7.5 |15,621(S)

1966.05.07 Ninglin 72 [8,064(S) Lou (1996)
1933.08.25 Maowen 75 |6,865(S) Lou (1996)
1931.08.10 Fuyan 8.0 [10,000(S)

1927.05.23 Gulang 8.0 |41,419(S) Lou (1996)
1925.03.16 Talifu 7.0 15,808 (S) Lou (1996)
1923.03.24 Sichuan 7.3 14,500 (S) Lou (1996)
1920.12.16 Haiyuan 8.5 235,502 (S) Lou (1996)
1918.02.13 Shantou 7.3 [1,000 (S) Lou (1996)
1917.07.30 Daguan 6.7 1,879 (S) Lou (1996)
1902.08.22 Kashgar 82 |[5,650(S) Lou (1996)
1887.12.16 Yunnan 7.0 (2,256 (S) Lou (1996)
1879.07.01 Gansu 8.0 129,480 (S) Lou (1996)
1870.04.11 Batang 73 [2,300(s) NOAA
1850.09.12 Xichang 7.5 23,860 (S) Lou (1996)
1556.01.23 Shaanxi 82 (830,000 (S) Lou (1996)
1303.09.25 Shanxi 8.0 200,000 (S) NOAA

S: Structure, L: Landslide

India

The Himalayan collision zone and intraplate active faults are
the main sources of disastrous earthquake in India. The 1905
Kangra and the 1991 Ultarkashi are Himalayan earthquakes. The
1897 Assam earthquake occurred on an active fault south of the
Himalayan Front fault. The 2001 Bhuj (Gujarat) and the 1993
Latur earthquakes are shallow intraplate event in Indian
subcontinent. Most casualties are caused by damage of structures.

Indonesia

Subduction zone and active faults are the main sources of
disastrous earthquake in Indonesia. The 2004 Sumatra-Andaman
earthquake (M9.1) caused huge tsunami (see Chapter 6) and most
of the fatalities are due to tsunami. The 2005 Nias earthquake
(M8.5) is a subduction earthquake with 1,346 deaths that caused
structure collapses mainly on the Nias island located just above
the source area. The 2009 Sumatra earthquake is an intra-slab
earthquake with more than 1,000 deaths caused by the collapse of
buildings. Inland earthquakes (2006 Yogyakarta, 1917 Bali)
caused fatalities were also caused by building collapse and
landslides. The 1992 Flores earthquake is shallow event with high
tsunami induced by landslide (Tsuji ef al., 1995).



Myanmar

Active faults are the main sources of disastrous earthquake in
Myanmar. The 1930 Pegu earthquake on the Sagain fault is the
deadliest with 500 fatalities.

Mongolia

Active faults are the main sources of disastrous earthquake in
Mongolia like the 1957 Gobi-Altai earthquake. The number of
fatalities by earthquake in Mongolia has been small because those
earthquakes struck remote areas; for example, none of the two
MS8.0 inland earthquakes in 1905 caused fatalities.

Nepal

Himalayan collision zone (Himalayan Front fault) is the main
source of disastrous earthquake in Nepal. The 2015 Gorkha
earthquake is typical with many death caused by structural
damage and landslides. The 1934 Bihar and 1988 Udayapur
earthquakes are also shown.

Pakistan

Active faults are the main sources of disastrous earthquake in
Pakistan. The 2005 Kashimir and the 1935 Quetta earthquakes are
the deadliest with more than 50,000 fatalities.

Papua New Guinea

Subduction zone and active faults are the main sources of
disastrous earthquakes in Papua New Guinea. Two disastrous
earthquakes are listed. The 1976 Irian Jaya earthquake caused
about 6,000 fatalities, 90 percent of them were caused by
landslides. The 1998 Papua New Guinea earthquake is a
subduction event of relatively small-magnitude (M7.1) but
caused 2,200 deaths by a landslide-induced tsunami.

Philippines

Subduction zones and active faults are the main sources of
disastrous earthquakes in the Philippines. The 1990 Luzon
earthquake is the deadliest inland earthquake. The 1976 Moro
Gulf earthquake caused tsunami resulting in more than 7,000
fatalities.

Taiwan

Taiwan lies on the plate boundary and many shallow
earthquakes occur. The 1906 Meishan, 1935 Hsinchu and 1999
Chi-Chi earthquakes caused fatalities, more than 1,000 of which
were mainly due to structural failures.

Thailand
Seismicity in Thailand is low. Some damaging earthquakes are
known in northern area.

Vietnam
Active faults are known in Vietnam, but recent earthquakes (e.g.,
1983 M6.8 event; Ngo et al., 2008) were not disastrous.

Earthquake fatalities in Afghanistan, Bhutan, Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan, and northeastern
part of Iran are also shown on the map.

(Masayuki Yoshimi)

6. Tsunami Hazards

Tsunami hazard distribution is compiled to facilitate visual
understanding of the occurrence, extent and severity of tsunamis.
This will also increase people’s awareness on the importance of
tsunami disaster mitigation endeavors. The map illustrates the
regions affected by eight tsunami events which have caused
considerable damages in East Asia area; 1771 Meiwa (Yaeyama),
1792 Unzen, 1883 Krakatau Volcano, 1976 Moro Gulf
(Mindanao), 1983 Sea of Japan, 1998 Papua New Guinea, 2004
Indian Ocean and 2011 Japan Tohoku tsunamis. Brief descrip-
tion of tsunami is shown in Table 4.

The eight tsunami events were selected primarily on the basis
of their severity (number of casualties) using a list of historical
tsunami events (Global Historical Tsunami Events and Runups)

on NGDC/WDS Global Historical Tsunami Database. However,
some events have been excluded from the map illustration to
avoid overlap with other tsunami events (for example, 1498 Meio
(Nankai), 1707 Hoei (Nankai), and 1896 Sanriku tsunamis
overlapped by 2011 Japan Tohoku tsunami around Japan). In
addition, some disastrous events of which there are insufficient
data of tsunami heights or uncertain evidences that distinguish
tsunamis from other events such as storm and flooding were
also not included in the map illustration. In contrast, 1976
Moro Gulf (Mindanao) tsunami, 1983 Sea of Japan tsunami,
and 1998 Papua New Guinea tsunami are selected for
illustration in spite of relatively minor damages. This is
because they represent local tsunami disasters with wide extent
of tsunami waves.

Coastal lines that have been severely affected by these tsunami
events are highlighted in blue (seismic tsunamis) and pink
(volcanogenic tsunamis). The colored lines indicate the regions
with roughly 1m and higher runup height, except in the case of
2004 Indian Ocean tsunami with roughly 2m and higher runup
height. The regions were determined by the data of runup heights
in the historical documents, survey reports, scientific articles,
numerical simulation results, and online databases cited in Table 4.
It is noteworthy that the extent of these regions contains some
degree of inaccuracy stemming from the quality and quantity of
referred information. Maximum runup height of some tsunami
event and its observation location are also indicated by blue bar
and red circle on the map, respectively.

In East Asia area, tsunami events are usually triggered by
seismic activity along subduction zones around the Pacific and
Indian Ocean Rim. In some cases, tsunami waves are caused by
other events such as an earthquake outside the subduction zone,
volcanic eruption, onshore and submarine landslide. Each tsunami
event is briefly described as follows (also see Table 4).

Table 4. List of the tsunami events.

Tsunami event Date Cause Approx. | Approx. maximum runup
name fatality height (location)
1. Japan Tohoku 11 Mar. 2011 Earthquake 18,378 40 m (Twate, Japan)
2. Indian Ocean 26 Dec. 2004 Earthquake 290,000**| 51 m (Banda Ache,
Indonesia)
3. Papua New 17 Jul. 1998 Earthquake Over 15 m (Sandaun, Papua New
Guinea and 2,200** Guinea)

submarine
Tandslid

4. Sea of Japan 26 May 1983 Earthquake 103 15 m (Akita, Japan)

5.Moro  Gulf 16 Aug. 1976 Earthquake | Over 4 m (Moro Gulf,
(Mindanao) 8,000** | Philippines)
6. Krakatau 27 Aug. 1883* Volcanic 36,417** | 42 m (Sunda Strait,
Volcano eruption Indonesia)
7. Unzen 21 May 1792* Debris 10,000 50 m (Nagasaki, Japan)
avalanche by
volcanic
earthquake
8. Meiwa 24 Apr. 1771* Earthquake 12,000 30 m (Ishigaki Island, Japan)
(Yacyama) and
submarine
landslide?
Sanriku 15 Jun. 1896 Earthquake 22,066** | 38.2m_(Iwate, Japan)

Hoei (Nankai) 28 Oct. 1707* Earthquake | over
5,000**
Meio (Nankai) 20 Sept. 1498* | Earthquake | over

26,000%*

27 m (Kochi, Japan)

12.6 m (Shizuoka, Japan)

* Local date
** Total fatalities in the event

1771 Meiwa (Yaeyama) tsunami

The Meiwa (Yaeyama) tsunami occurred in April 24, 1771
around Ryukyu Islands, Japan. It was triggered by an earthquake
and probably by an accompanying submarine landslide (e.g.,
Matsumoto and Kimura, 1993), though it is still controversial.
Based on historical documents, about 12,000 people were killed
by the disaster, and Imamura (1938) estimated the earthquake
magnitude at Mw 7.4. Goto et al. (2010) concluded that
maximum runup height was estimated at 30m on Ishigaki Island,
on the basis of historical documents and distribution of coral
boulders.

1792 Unzen tsunami

The Unzen tsunami occurred on May 21, 1792 in the Ariake
Bay, Japan. It was caused by the volcanic debris avalanche from
Mt. Mayuyama, which was triggered by volcanic earthquake.
Tsunami was propagated over the Ariake Bay and hit the opposite
side (Kumamoto district). Based on historical documents analysis,



Tsuji and Hino (1993) concluded that the tsunami casualties were
5,158 in Kumamoto district. They argued that the overall death
toll may be over 10,000, and more than 15,000 people were killed
through a sequence of the event. Akagi (2001) reported that
maximum runup height reached about 50m based on his
paleographical researches in the Nagasaki district.

1883 Krakatau Volcano tsunami

The Krakatau tsunami occurred on August 27, 1883 around the
Sunda Strait, Indonesia. It was caused by the devastating eruption
of Krakatau volcano. The maximum runup height reached 42m
along the northern coast of the Sunda Strait (Choi et al., 2003).
Pararas-Carayannis (2003) reported 36,417 people were killed
through a sequence of the events.

1976 Moro Gulf (Mindanao) tsunami

The Moro Gulf tsunami occurred on August 16, 1976 in
Mindanao Island, Philippines. It was caused by an earthquake
with a magnitude of 8.0, and killed over 7,500 people (Soloviev et
al., 1992). The maximum runup height reached 4-5m around
Moro Gulf based on field investigations (Nakamura, 1977,
Soloviev et al., 1992).

1983 Sea of Japan tsunami

The Sea of Japan tsunami occurred on May 26, 1983 in the Sea
of Japan. It was caused by an earthquake with a moment
magnitude of 7.7 (Kanamori and Astiz, 1985). The tsunami waves
hit the coastal areas around the Sea of Japan with a maximum
height of 15m in Akita, Japan (Shuto, 1983; Hatori, 1991;
Disaster Control Research Center (DCRC), Graduate School of
Engineering, Tohoku University and Japan Nuclear Energy Safety
Organization (JNES), 2010). The tsunami waves killed 100
people in Japan and three people in South Korea (Lander ef al.,
2003).

1998 Papua New Guinea tsunami

The Papua New Guinea tsunami occurred on July 17, 1998 in
Sandaun Province, Papua New Guinea. It was caused by a huge
submarine landslide triggered by a relatively small earthquake
with a magnitude of 7.1 (Tappin et al., 2008). The tsunami waves
with a maximum height of 15m killed more than 2,200 people
(Lander et al., 2003; Joku et al., 2007). Davies et al. (2003)
reported a wide extent of tsunami damages.

2004 Indian Ocean tsunami

The Indian Ocean tsunami occurred on December 26, 2004 in
northwestern of Sumatra, Indonesia. It was caused by the
Sumatra-Andaman earthquake with a magnitude of 9.1 (Chlieh et
al., 2007). The tsunami waves with a maximum height of 51m
(Kim et al., 2013) killed approximately 290,000 people around
the Indian Ocean. Many measurements of runup height around the
Indian Ocean have been published (e.g., Narayan et al., 2005;
Choi et al., 2006; Tsuji et al., 2006; Research Group on the
December 26, 2004 Earthquake Tsunami Disaster of Indian Ocean,
2007). Data obtained from numerical simulation result for Indian
Ocean Tsunami was used to complement the field measurements
(Research Group on The December 26, 2004 Earthquake Tsunami
Disaster of Indian Ocean, 2005).

2011 Japan Tohoku tsunami
The Japan Tohoku tsunami occurred on March 11, 2011
along the Japan Trench. It was caused by the East off Tohoku
earthquake with a magnitude of 9.1 (Hirose et al., 2011). The
tsunami waves with a maximum height of about 40m (The
2011 Tohoku Earthquake Tsunami Joint Survey Group, 2011;
Goto et al., 2012), caused 18,378 fatalities (Mizutani, 2012).
The 2011 Tohoku Earthquake Ts unami Joint Survey Group
(2011) summarized the data of runup height measured by many
researchers.
(Dan Matsumoto)

7. Volcanoes in Eastern Asia region

Distribution of Holocene volcanoes (<10ka) is shown on this
hazard information map. The distribution and names of the
volcanoes are based on “Volcanoes of the World (third edition)”
(Siebert et al., 2010). However, the distributions and name of the
volcanoes in the Philippines are based on active volcanoes
defined by PHIVOLCS. Most of the volcanoes are distributed in
island arcs. Although, several volcanoes are distributed in the
continental region. The total number of volcanoes in each country
shown on the map are as follows: Indonesia (142), Japan (132),
Papua New Guinea (56), Philippines (22), U.S.A. (19), China (12),
Taiwan (7), Russia (6), Vietnam (6), Mongolia (5), R. Korea (3),
D.P.R.Korea (3), Myanmar (3), Afghanistan (2), Malaysia (1),

and Pakistan (1) . (Shinji Takarada)

8. Caldera, pyroclastic fall and ignimbrite

East and Southeast Asia (excluding Russia and the territories of
the United States) experienced 3,446 eruptions during Holocene
time based on the database of Smithsonian Global Volcanism
Program (2013). Sorting by Volcanic Explosivity Index (VEI;
Newhall and Self, 1982) allows us to list up 4 eruptions of VEI7,
19 eruptions of VEI6, and the rest of them are VEIS or lesser

(Table 5).There is no eruption

TapleS. g:ﬂ:;?:fg zgmli:: of VEI8 or larger dur@ng
occurred in East and Holocene time. The location
Southeast Asia, ex- of eruption is shown as

Sloding, Russis, and solid triangle with resulting

United States. 1d i of 4
caldera rim of present topo-
NEI Nuuber graphic depression. Extent
g g of pyroclastic fall deposit
3 19 is shown as broken line
5 37 mostly based on literature
2 144 descrlbmg the area of
3 384 pyroclastic fall deposits that
> 1728 currently exist. Exceptlona!ly,
1 33 7 recent  eruptions m.cludlng
0 38 eyewitness observation of
ot mentioned | 508 pyroclastic fall enabled us

to draw wider extent of py-
roclastic fall in Krakatau
(1883AD) and Pinatubo (1991AD) cases. These two criteria
are ideally identical but highly dependent on the conditions
during observation and/or survey performed in each country.
On this map, we adopted 4 eruptions of VEI7 (Tambora
1815AD, Rinjani 1257AD, Chambaishan 938AD, Kikai
7.3ka), and 7 eruptions of VEI6 (Pinatubo 1991AD, Krakatau
1883AD, Rabaul 6C, Witori 3.4ka, Mashu 7.6ka, Ulreung
10.7ka, and Moekeshi 9.5ka; Table 6). Lack of distribution
information for the 6 eruptions in literature reflects the missing
distribution in oceanic area. We added 3 Pleistocene large-
scale eruptions (Aira 30ka, Toba 74ka, and Aso 90ka),
which are well-documented and can be used for comparative

Table 6. List of Holocene pyroclastic fall eruptions shown on

the map.
Volcano Age VEI | Reference
Tambora 1815AD | 7 Self et al. (2004), Zollinger (1855), Kandlbauer and
Sparks (2014)
Rinjani 1257AD | 7 Lavigne et al. (2013)

Changbaishan | 938AD

-

Machida and Arai (2003), Wei et al. (2013), Horn and
Schmincke (2000)

Kikai 7.3ka 7 Machida and Arai (1978), Machida and Arai (2003)
Pinatubo 1991AD | 6 Paladio-Melosantos et al. (1996)

Krakatau 1883AD | 6 Verbeek (1885), Simkin and Fiske (1983)

Rabaul 6th 6 Walker et al. (1981), Nairn et al. (1995), Nairn et al.

century (1989)

‘Witori 34ka |6 Machida et al. (1996)

Mashu 7.6 ka 6 Katsui et al. (1975), Kishimoto et al. (2009)

Ulreung 10.7ka |6 Lim et al. (2008), Machida (1990), Machida and Arai
(1983)

Moekeshi 9.4 ka 6 Nakano et al. (2001), Nakagawa et al. (2013)

Plei I-d ted eruptions for comparison

Aira 30 ka 7 Machida and Arai (1988), Machida and Arai (2003),
Kawai and Miyake (1999)

Aso 90 ka 7 Machida et al. (2003), Machida and Arai (2003)

Toba 74 ka 8 Ninkovich et al. (1978), Self (2006), Lee et al. (2004)




examples for hazard assessment.

Table 8. Worst top 24 fatalities caused by volcanic events in

Distributions of calderas and large-scale ignimbrites Japan (after 1400AD).
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(90ka; Aso Caldera Japan; 600km®), Ito (30ka; Aira Caldera,
Japan, 350km®), Shikotsu (40ka; Shikotsu Caldera, Japan;
300km®), Toya (110ka; Toya Caldera, Japan; 170km®), Kussharo
4 (120ka; Kussharo Caldera, Japan; >150km?), Changbalshan
(938AD; Tianchi volcano, China and North Korea; >100km ), and
Tambora (1815AD; Tambora Caldera, Indonesia; 100km®), four
1gn1mbr1te of VEI6: Hachinohe (15ka; Towada Caldera, Japan;
20km®), Krakatau (1883AD; Krakatau Caldera, Indonesia;
13. 6km3), Pinatubo (1991AD; Pinatubo volcano, Philippines;
10.4km?), and Rabaul (540AD; Rabaul Caldera, Papua New
Guinea; 11km®).

(Ryuta Furukawa and Shinji Takarada)

9. [Fatalities of major volcanic events

Fatalities of major volcanic events are compiled to facilitate
visual understanding of volcanic disasters in Eastern Asia. The
number of fatalities (deaths) and the main causes of deaths due to
volcanic events are displayed. Five to thirty worst top volcanic
events are chosen in each country: Japan (24; Table 8),
Philippines (15; Table 9), Indonesia (30; Table 10) and Papua
New Guinea (5; Table 11). The number of fatalities is categorized
by seven causes; pyroclastic flow (pink), debris avalanche
(yellow), tephra fall and ballistic (green), lahar (blue), tsunami
(light blue), volcanic gas (orange) and other related death (purple;
such as epidemic and starvation). The fatalities data are compiled
mainly on the basis of Siebert et al. (2010).

Japan

The worst top 24 fatalities caused by volcanic events in Japan
after 1400AD are listed in Table 8. The most hazardous volcanic
event in Japan was the 1792 Unzen Mayuyama debris avalanche,
which caused 15,000 fatalities. The debris avalanche produced
large tsunami within Ariake Bay area and caused 10,000 fatalities
(Chapter 6). The debris avalanche killed 5,000 people. The 2nd
hazardous volcanic event was the 1783 Asama eruption, which
caused 1,491 fatalities due to pyroclastic flow, debris avalanche,
and lahar. The 3rd event was the Oshima-Oshima 1741 debris
avalanche, which caused 1,467 fatalities at the coastal area due to
tsunami. The 4th event was the Hokkaido-Komagatake 1640
debris avalanche, which caused 700 fatalities in Funka Bay area

P: Pyroclastic flow and surge, F: Tephra fall and ballistics, T: Tsunami, L: Lahar, D: Debris avalanche, and R: Related death

due to tsunami. The 5th event was Bandai 1888 debris avalanche,
which caused 477 fatalities. The 6th event was the Tateyama 1958
debris avalanche, triggered by the Hietsu earthquake, and caused
279 fatalities mainly due to the associated lahar (This event is also
one of the earthquake hazards). Table 8 indicates that the main
cause of death from volcanic events in Japan is debris avalanche
and associated tsunami or lahar. Recently, the number of fatalities
of the 1822 Usu Bunsei pyroclastic flow was re-evaluated at 78
(Endo and Doi, 2013).

Philippines

The worst top 15 fatalities caused by volcanic events in the
Philippines after 1400AD are listed in Table 9. The most
hazardous volcano in the Philippines is Mayon. Nine volcanic
events of Mayon volcano are included in the worst 15 volcanic
events. The worst event in Philippines is the Mayon 1875 lahar,
which caused more than 1,500 fatalities. The 2nd worst event is
the Taal 1911 eruption, which caused more than 1,335 fatalities

Table 9. Worst top 15 fatalities caused by volcanic events in
Philippines (after 1400AD).

Number| Volcanic Event | Year date | Fatalities | EventType | Causes and fatalities | VEL
1 |Mayon 1875 . >1,500  |Lahar (rain) L (>1,500) -
2 |Taal 1911 | Jan30 | >1335 |Pyroclasticflow  |P(>1,100), T (>235) 3
3 [Mayon 2006 | Nov.30 1266 |Lahar L (1,266) -
4 |Mayon 1814 Feb. 1 Laon | |Fymclastio flow and |p (1 100), L (100) 4
5 |Pinatubo 1991 | June 15 800 m”f‘;ﬁ flow and |p )5) 1, (100), R (450)| 6
6 [Hibok-Hibok 1951 | Dec.4 5500  [Pyroclastic flow [P (>500) 12
7 [Mayon 1897 | June2s 350 ml’gf flowand |p (31), F (40) 4
8 |Taal 1965 | Sep.28 5250 msll";gg flow and |p (.1 50), T (>100) 4
9 [Mayon 1981 | June30 5200 [Lahar rain) L (>200) -
10 [Parker 1995 |  Sep.6 <100 [Lahar (rain) L (<100) .
1 [Mayon 1993 | Feb.2 77 |Pyroclastic flow [P (77) 2
12 |Hibok-Hibok 1950 | Sep.15 68 [Pyroclastic flow [P (68) 12
13 [Mayon 1766 | Oct.23 49 |Lahar L (49) <
14 [Mayon 1853 | Sep.13 34 |Pyroclasticflow [P (34) 3
15 |Mayon 1887 | Mar9 15 f’j&‘ﬁ‘f flow and |p: 15y 3

P: Pyroclastic flow and surge, F: Tephra fall and ballistics, T: Tsunami, L: Lahar, and R: Related death



due to pyroclastic flow. The 3rd worst event is the Mayon 2006
lahar, which caused 1,266 fatalities. The 4th worst event is also
the Mayon 1814 eruption, which caused 1,200 fatalities due to
pyroclastic flow and lahar. The 5th event is the Pinatubo 1991
eruption, which caused 800 fatalities. The causes of the 1991
event fatalities were pyroclastic flow (250),lahar (100) and related
death mainly due to disease at evacuation camp (450). The main
causes of fatalities in the Philippines are pyroclastic flows and
lahars as clearly shown on the list.

Indonesia

The worst top 30 fatalities caused by volcanic events in
Indonesia after 1400AD are listed in Table 10. The worst event is
the Tambora 1815 caldera-forming eruption (VEI7, Table 7)
which caused 60,000 fatalities. About 11,000 people were killed
by pyroclastic flows and about 49,000 people died due to famine
and disease on Sumbawa and Lombok islands. The 2nd worst
event is the Krakatau 1883 caldera-forming eruption (VEI6, Table
7), which caused 36,417 fatalities. About 2,000 people were killed
by pyroclastic flows and 34,417 people were killed by the
associated tsunami. The 3rd worst event is the Kelut 1586
eruption, which caused about 10,000 fatalities due to pyroclastic
flows. The 4th worst event is also the Kelut 1919 eruption, which
caused about 5,110 fatalities due to pyroclastic flow and lahar.
The 5th event is the Galunggung 1822 eruption, which caused
4,011 fatalities due to pyroclastic flow. The 1979 eruption at
Dieng volcano caused 149 fatalities due to volcanic gas. The main
causes of fatalities in Indonesia are pyroclastic flows, tsunamis,
lahars, and debris avalanches as shown in Table 10.

Table 10. Worst top 30 fatalities caused by volcanic events in
Indonesia (after 1400AD).

Fatalities

Number | Voleanic Event | Year Date iy EventType | Causes and fatalities | VEI
1 [Tambora 1815 | Apr10 | eog0p |Pyroclasticflowand B a‘;‘fgggf“ B 7
2 |Krakatau 1883 Aug. 27 36,417 mﬁc flowand | p(2,000), T(34.417) | 6
3 [Kelut 1586 s 10,000 [Pyroclastic flow? P (10,000)

4 |Kelut 1919 May 19 sup  |Pydssticflowand L(5,110) 4
5 |Galunggung 1822 0ct.8 4011 [Pyroclastic flow PG600), LA | 5
6 |Merapi 1672 | Aug4 3,000 [Pyroclastic flow P (3,000) 3
7 |awu 1711 | Dec.11 3,000  [Pyroclastic flow P (3,000) 3
8 |Papandayan 1772 | Aug12 | 2957  |Debrisavalanche D (2957) 3
9 |awu 1856 | Mar2 2,806 [Pyroclastic flow P (2,806) 3
10 |Makian 1760 F Zogg [ymoctstioflowand L (2,000) 4
1 |Awu 1892 June 7 1,532 m“"s“c flow and P (1,150), L (382) 3
12 |Merapi 1930 | Dec.18 1,369 f;frl“m Rowand P (1,369) 3
13 |Gamalama 1775 2 1300  [Pyroctastic flow (base P(1,300) 3
14 |Agung 1963 Mar. 17 1,148 g{f‘ﬁﬁgﬁg"w' tephra | P (82{’)(’11;5()163)’ 4
15 |Raung 1638 - >1,000  [Laher L (>1,000)
16 |Awu 1812 | Aug6 o3  (Fymelasticfiowand P (700), L (253) 4
17  |Hiwerung 1979 July 18 539 ?;;':::i‘”lmhe . T(539) 3
18 [Ruang 1871 Mar. 3 40 |Collapse of lava dome T (400) 2
19 [Sumeru 1981 | May14 372 |Lohar LG
20 [Merapi 2010 | Oct-Dec. 353 |Pyroclastic flow P(353) 3
21 [Makian 1861 | Dec.29 326 |Pyroclastic flow P(326) 4
22 |Paluweh 1928 Aug. 4 26  [Lxplosiveeruption and T (226) 3
23 |Sumer 1909 | Aug.29 21 |Lahar L2y
24 [Kelut 1966 Apr. 26 315 [ymolestiotiowand L214),P(1) 4
25 |Sorikmarapi 1892 | May21 180 |Lahar L(180)
26 [Merapi 1872 | Apr17 170 [Pyroclastic flow P(170) 2
27 |Dieng 1979 Feb. 20 149 Volcanic gas G (149) 1
28 [Sumeru 1976 | Nov.13 B [yt L(133) 2
29 [Kaba 1833 | Nov.24 126 |Lahar L(126)
30 |Dieng 1944 Dec. 4 17 Phreatic eruption F(117) 2

P: Pyroclastic flow and surge, F: Tephra fall and ballistics, T: Tsunami, L: Lahar, D: Debris avalanche, G: Volcanic gas, and
R: Related death

Table 11. Worst top 5 fatalities caused by volcanic events in
Papua New Guinea (after 1400AD).

[Number Volcanic Event] _ Year date Fatalities Event Causes and fatalities] VEI
. Debris avalanche and

1 [Ritter Island 1888 Mar. 13 3,000 " T (3,000) 2
tsunami

2 |Lamington 1951 | Jan.21 2,942 |Pyroclastic flow P (2,942) 4

3 |LongIsland 1660 - 2000 |Pyroctastieflowand | b\ ho0) 71,0000 | 6
tsunami
Pyroclastic flow and

4 |Rabaul 1937 | May29 SO7 | b gl P (300), F (207) 4
Pyroclastic flow and

5 |Rabaul 1850 F 500 | gl F (>500) 4

P: Pyroclastic flow and surge, F: Tephra fall and ballistics, and T: Tsunami

The worst top 5 fatalities caused by volcanic events in Papua
New Guinea after 1400AD are shown in Table 11. The worst
event is the Ritter Island 1888 debris avalanche, with 3,000
fatalities due to tsunami. The 2nd worst event is the Lamington
1951 eruption, with 2,942 fatalities due to pyroclastic flows. The
3rd worst event is the Long Island 1660 eruption, with about
2,000 fatalities due to pyroclastic flow and tsunami. The 4th event
is the Rabaul 1937 eruption, with 507 fatalities due to pyroclastic
flow and tephra falls. The 5th event is also the Rabaul 1850
eruption, with more than 500 fatalities due to tephra fall. The
main causes of fatalities in Papua New Guinea are tsunami,
pyroclastic flow, and tephra fall.

(Shinji Takarada)

Acknowledgements

We are indebted to our colleagues in the Institute of Earthquake
and Volcano Geology, Geological Survey of Japan, AIST,
G-EVER Consortium, CCOP (Coordinating Committee for
Geoscience Programmes in Southeast Asia), and CGMW
(Commission of Geological Map of the World), for their helping
in the gathering of references and data, and their invaluable
suggestions that greatly improved the quality and accuracy of the
hazard information map. We appreciate valuable comments
provided by Dr. Yasuo Awata, Geologcal Survey of Japan. We
would like to thank Director Wu Zhongliang, China Earthquake
Administration Institute of Geophysics and Vice director
Demberel S, Research Center for Astronomy and Geophysics,
Mongolia Academy of Science for their help in the gathering of
references.



1. [XIL®HIC

W7 U7 Mk, HEE - B KUK EORBEEER
WENSEIRAEL TS, 4 HOREEIZHE L EEREL
T, —HREBERENEETIE, $REORR LS,
EOFEEIC O SRR ENEZVES. 25 LI KBEAR
RE~OKEL, AMEESOFHHEROZOICE, HEA
HARTHD. 5%, KEBERME - B - KUEko ) 27
B D 72 8 D [FE A Ze Bt o 2 HESE U, REReR 7288 ) 26
TITK ZENEETHDH.2004FE 12 H26 HODA~SKIF-T
A L HES 2011 4E 3 A 11 B ORAbH T KEE B 1L,
B KB B R R EBOFREFOVATLAOEENREE T
HBHZEERLTVNS. 200024 HADT A A7 RO Eyja-
fjallajokul "X Tix, I—a v /XCT—H&H72Y 2 FT{E DKL
BT D, KIUMEKIZ L BHIZEEOE L LTI E HRD
WL pole. 7OTRKVEMIBHBEBAILEKRY A7 w3
Ak (G-EVER) =iV —3 7 ATIE, #E - #ik - KL
RERBEEZEIEL, 7VT7RKEEMIROSE LW LiES %
ToTW5.

T U7 HUSHE K LR B RIS, E SIS R s A E
(R ATATHMERER AT ¥ —® G-EVER H#ET
— AR ERY, T VT EEOMEFRAEMRE (PHIVOLCS,
CVGHM, CEA, VAST, Academia Sinica) D X v /3— L4z
ERE LIz SR EBHRR TH D, = 2T, B U7 HsoE
TV b= A BF2F), IEWE (FE3®), HEOEBR L
BIFBROSA (FE4%E), TEMBORKESE (Fs5%2), B
KE Fowm), klbonti FI1FE), IVT T, B kR
B (TR & RIEFRR GF 8 ), FEKLOE
HF (F9HE) ITOVWTHRYELHTNAS.

B %E - EHER)

#1. KEBRRT LBIUROBF AT A —4

2. B7O7EOME

HIE &K & B KEDIRAENL, FOHIBOME &L
TN TN D AR A LS EF R D EX & 7 5 #UE X1,
500 543D 17 V7 WEX (Teraoka and Okumura, 2011) &
200 54D 1HR-HE7 U7 #HIE X (Wakita ef al., 2004) %
FRE L. KEBRKIZ, 1,000 550 1 DA —1LTh
Blz, AV VT NVOMER G LG BRI L. HEE
e kA - BRCAERE, Q (B4 ; 2.58-0 Ma), Tpn (iF
TR~V =T ; 66.0-1.81 Ma), Qp (55 PUAT K HIME K
Wit ; <74ka), TnQ (FHIFHTH~LZ 7V 7 ;15-0.78 Ma),
KTp (&) B BEAD~AGHT1H ; 100.5-33.9 Ma), Mz (F4R ;
252.1-66.0 Ma) , PTr (12 #1~L SfE~ I = &40 ; 259.8-236.8
Ma), Pz2 (FR U~ Z 840 ; 294.6-236.8 Ma), Pzl (%
R AR~ VUL ; 1000-419.2 Ma), SD (A ii~F R
AL ; 443.4-358.9 Ma), Pz (4E4%; 541.0-252.1 Ma), PrPzl
(FHEARAR~TTHI AL FE 24 ; 1600-471.8 Ma), P€ (U&
BT UTH ; >541.0 Ma) IZX4y Lz, £z, BABEHIT
Cz i (HEE=AL~RIMIE R ; 66.0-0.78 Ma), Mz_i (BHi~
v hFE~ A B ; 260.4-66.0 Ma), Pz2 i (#BHi & AR
419.2-252.1 Ma), Pzl_i (RTHIdA4K ; 541.0-419.2 Ma), P€
ARSI T Y TR >541.0 Ma) IRy Lz, BEAEMRKILE
X, ERE - B GRECE, TAYA b, HEs, HET
AYA ), BERE - B~ GRECE, 7404, B
s, HEA, BmmTs 444 b, HmRla), $i (&l
A, ZRAERLA, HER s, ZRAEHES), FHE
~EE - BEE (RilE, ZRAER LA, HEELE,
ZRETHEE, TRE, TNV ERE), 8T - HE
M (BZRE, TA8)ERAE), KORRZBIZHELE. B
NEHIX, ERE - Bt Bz 2A/%), 74 IRES),

BLHEFH O A 230D B AT & B D580, BRI O B A2 SEEHRRITIIEFET L.

Origin time i Origin time Longitude
(yy;'yg; i d(lﬂ"ll.l) s l\';’”;w‘:; l"gf}"‘ M"é;““ D(;‘:;' Local time date Location (yyyy'g'/‘: i “m) M'%;:')"“ l':"’:;:') "'(':;"" s l:::;' Local time date Location
2015/4/25 611 M78 | Mwl9 | 282 84.7 82 Gorkha, Nepal 1994/10/4 13:23 M83 | Mw83 | 439 | 1472 | 300 [Hokkaido toho-oki, Japan
2015/3/29 23:48 M75 | Mwl4 47 1526 | 410 New Ireland, Papua New Guinea 1994/6/2 18:17 M78 | Mw78 | 105 | 1129 | 180 [1994/6/3 South off Java, Indonesia
20141115 231 MZ1 | Mw.0 19 1265 | 450 [Moucca Passage, Indonesia 1994/121 224 M70 | Mw69 | 11 1277 | 192 Indonesia
20131015 0:12 M7I | Mwl.l 99 1241 | 190 [Bohol, Philippincs 1993/8/8 8:34 M78 | Mw77 [ 130 | 1448 | 590 Guam, USA
2012/831 12:47 M76 | Mwi6 | 108 1266 | 280 [East off Philippines 1993/7/12 13:17 M77 | MwlT | 428 [ 1392 [ 200 [Hokkaido Nansei-oki, Japan
2012/4/11 8:38 M86 | Mws6 23 93.1 200 [Far off Sumatra, Indonesia. 1992/12/12 529 M77 | Mw17 | 85 | 1219 [ 280 Flores, Indonesia
2012/4/11 10:43 M82 | Mws2 08 925 25.1 West off North Sumatra, Indonesia 1992/5/17 10:15 M72 | Mwl2 | 72 1267 | 300 Mindanao, Philippines
2011/3/11 5:46 MO0 | Mw90 [ 383 1425 | 200 [East off Tohoku, Japan 1991/12/22 8:43 M7.6 | Mw76 | 455 | 1511 | 253 East off Urup, Russia
20101221 17:19 M74 | Mwi4 | 269 1438 | 200 [201012/22 |Bonin, Japan 1991/6/20 5:18 M75 | Mwls | 12 1228 | 300 [North Sulawesi, Indonesia
201011025 14:42 M78 | Mw78 35 1001 | 176 [Mentawai, Indonesia 1990/7/16 7:26 M77 | Mw17 | 157 | 1212 [ 244 [Baguio, Luzon, Philippines
20101413 2349 M69 | Mw6d | 332 96.7 150 [2010/4/14 Qinghai (Yusu), China 1990/4/18 13:39 M76 | Mwl6 | 12 1229 | 366 [North Sulawesi, Tndonesia
2010/4/6 22:14 M7.8 | Mw78 23 97.1 200 [201047 West off North Sumatra, Indonesia 1989/12/15 18:43 M75 | Mwls | 84 1266 | 27.5 [1989/12/16 |Mindanao, Philippines
2009/9/2 7:55 M7.0 Mw7.0 78 107.4 46.0 South off Java, Indonesia 1988/2/24 3:52 M7.2 Mw7.2 135 1246 | 281 Cataduanes, Philippines
2009/2/11 17:34 M7.1 | MwZl 3.8 1265 | 250 [20002/12 Indonesia 1987/10/16 2048 M73 | Mw73 | .62 | 149.1 [ 450 [1987/1017  [New Britain, Papua New Guinca
2009173 19:43 M77 | Mwi6 | 05 1327 | 300 [20001/4 Northeast Tryan Jaya, Indonesia 1986/11/14 21:20 M74 | Mw73 | 240 | 1218 [ 350 [1986/11/15  [East Taiwan
20081116 17:02 M74 | Mwl3 13 1221 | 340 [2008/11/17 [North Sulawesi, Indonesia 1986/8/14 19:39 M75 | Mwls | 19 1265 | 323 [1986/8/15 Moucca Passage, Indonesia
2008/5/12 628 M79 | Mw6d | 310 1034 | 100 |Wenchuan, China 1985/8/23 12:42 M7.0 | Mw69 | 394 753 | 300 West Xinjiang, China
2007/9/12 11:10 M85 | MwB.S 44 1015 | 340 South off Sumatra, Indonesia 1983/5/26 3:00 M77 | Mw17 | 404 | 1392 [151 Nihonkai-chubu, Japan
2007/1/21 1127 M7.5 | MwlSs 1.1 1263 | 220 Molucca Sea, Indonesia. 1982/1/11 6:10 ML | Mw71 | 139 | 1244 [ 318 Cataduanes, Philippines
2006/12/26  12:26 M70 | Mwi.0 [ 218 1206 | 100 South off Taiwan 1980/6/18 17:14 M69 | Mw69 | 51 1522 | 510 |New Britain, Papua New Guinea
2006/7/17 8:19 M77 | MwlT 93 1073 | 253 South off Java, Indonesia 1979/9/12 517 M75 | Mw7S | 17 | 1360 [ 200 Irian Jaya, Indonesia
2005/10/8 3:50 M76 | Mwis | 345 73.6 150 Pakistan 1978/7123 14:42 M72 | Mwl2 | 22 [ 1214 [ 250 South off Taiwan
2005/3/28 16:09 M6 | Mws6 21 972 300 Nias, Indonesia 1978/6/12 8:14 M76 | Mwl6 | 382 | 1420 | 450 off Miyagi, Japan
200411226 0:58 M1 | Mwd.l 33 96.0 300 Sumatra, Indonesia 1978/3/23 314 M7.6 | Mwl6 | 442 | 1490 [ 350 South off Etrof, Japan
2004/11/11 21226 M75 | Mwls 82 1248 | 13.0 [2004/11/12 [Alor, Indonesia 1977/8/19 6:08 M83 | Mw83 | 112 | 1184 [ 250 South off Sumbawa, Indonesia
200319725 19:50 M83 | Mws3 | 419 1439 [ 300 [2003926 Tokachi-oki, Japan 1977/3/18 21:43 M72 [ Mwi2 | 167 [ 1222 | 300 (1977319 Luzon, Philippines
2003/5/26 19:23 M69 | Mwb9 23 1289 | 310 [2003/527 [North off Halmahera, Indonesia 1976/8/16 16:11 M80 | MwBO | 62 1240 | 200 [1976/817 [Moro Gulf, Philippines
2002/1172 1:26 M72 | Mwl2 2.9 96.1 28.1 Northwest off Sumatra, Indonesia 1976/7/27 19:42 M7.6 | Mw76 | 396 | 1181 | 153 [1976/728 Tangshan, China
2002/10/10  10:50 M7.6 | Mwls -7 1343 | 200 West Iriyan Jaya, Indonesia 1975/10/31 8:28 M75 126 | 1261 | 230 Samar, Philippines
2002/9/8 18:44 M7.6 | Mwl6 | 34 1430 | 13.0 [2002/9/9 North New Guinea, Papua 1975/7/20 19:54 M73 12 | 1553 | 450 19757721 Bougainville, Solomon
2002/3/5 21:16 M75 | Mwl.S 60 1242 | 250 [2002/3/6 South Mindanao, Philippines 1973/6/17 3:55 M7.8 B2 | 1458 |43 Nemuro offshore, Japan
20011114 926 M78 | Mwi8 | 360 905 10.0 Kunlunshan, China 19721272 0:19 M8.0 64 1266 | 60.0 Mindanao, Philippines
200171019 3:28 M75 | Mwid [ 4 1240 | 150 [Banda Sea, Indonesia 197214125 19:30 M5 134 | 1203 [ 250 [1972/4126 [Mindoro, Phlippines
2001/1/1 6:57 M74 | Mw74 69 1266 | 360 Southwest Mindanao, Philippines 1971/7/14 6:11 M8.0 55 | 1539 | 400 Papua New Guinea
20001117 21:01 M78 | Mwi8 | s 1519 | 374 (20001118 |New Ireland, Papua New Guinea 1971/1/10 7:17 M7.7 32 | 1397 | 300 Irian Jaya, Indonesia.
200011116 4:54 M0 | Mw8o 40 1523 | 300 New Ireland, Papua New Guinea 1970/4/12 401 M6.9 150 | 1221 | 225 Luzon, Philippines
2000/8/4 2113 M68 | Mws8 | 487 1424 | 150 [20008/5 Uglegorsk, Sakhalin, Russia 197047 534 M74 158 | 1216 | 250 Luzon, Philippines
2000/6/4 16:28 M79 | Mw 46 1021 | 350 South off Sumatra, Indonesia 1970/1/4 17:00 M7.1 242 | 1025 | 113 [197001/5 Tonghai, China
2000/5/4 421 M75 | Mwls -11 1236 | 300 [East Sulawesi, Indonesia 1969/8/11 21:27 M82 34 | 1479 | 300 [1969/8/12 South off Shikotan, Japan
1999/12/11  18:03 M72 | Mwi2 | 158 1198 | 400 [1999/12/12  |West Luzon, Philippines 1968/8/10 2:07 M76 15 1262 | 230 [Molucca Passage, Indonesia.
1999/920 17:47 M76 | Mwl6 | 238 1208 | 250 [1999/9/21 Chi-Chi, Taiwan 1968/8/1 20:19 M7.6 163 | 1221 | 250 [1968/82 Casiguran, Luzon, Phlippines
1999/3/4 8:52 M71 | Mwll 53 1218 | 150 Celebes Sea, Philippines 1968/5/16 0:49 M82 209 | 1434 | 209 Tokachi-oki, Japan
1998/1129 1410 M77 | MwZT -19 1248 | 250 Taliabu, Indonesia 1966/3/12 1631 M7.5 24.1 1226 | 30.0 [1966/3/13 [East off Taiwan
1998/1028 1625 M65 | MwbS 09 1258 | 350 [1998/1029  [Molucca Sea, Indonesia 1965/1124 011 M82 26 | 1260 | 200 Cream Sea, Indonesia
1998/5/3 23:30 M75 | Mwid | 25 1255 | 200 [1998/54 South off Ishigaki, Japan 1964/6/16 401 M7.6 384 | 1393 [ 150 [Niigata, Japan
1997/11/8 10:02 M75 | Mwls [ 351 87.4 200 Xizang, China 1952/3/4 122 M8.1 221 1439 | 450 Tokachi-oki, Japan
1996/7/22 14:19 M7.0 | Mw7.0 1.0 1205 | 284 [North Sulawesi, Indonesia 1951/11/24 18:50 M7.8 231 | 1212 | 300 [1951/11/25 |Southwest of Taiwan
1996/6/11 18:22 M7.1 | MwZ.l 127 1252 | 317 [1996/6/12 Samar, Phlippines 1950/8/15 14:09 M8.6 284 964 | 150 Assam, India
1996/4/29 14:40 M72 | Mwl2 65 1550 | 350 [1996/4/30 ille, Papua New Guinea 1946/12/20 19:19 M83 331 | 1359 | 150 [19461221  [Nankai, Japan
1996/2/17 5:59 M82 | Mw2 [ .09 1369 | 200 Irian Jaya, Indonesia 1944/12/7 435 Ms.1 337 | 1362 [ 150 Tonankai, Japan
1996/1/1 8:05 M79 | Mw79 07 1200 | 335 North Sulawesi, Indonesia 1935/12/28 235 M7.6 03 983 | 300 West off Smatra, Indonesia
1995/12/3 18:01 M79 | Mwr9 | 447 1493 | 283 (19951124 [East off Etrof, Japan 1934/1/15 8:43 M8.0 269 866 | 150 Bihar, Nepal
1995/8/16 10:27 M7.7 | MwlT 5.8 1542 | 250 ille, Papua New Guinea 1927/5/22 232 M7.7 376 | 1025 | 150 [1927/5023 Gulang, China
1995/5/27 13:03 M7.0 | Mwl0 | 526 1429 | 129 Nefegorsk, Sakhalin 1923/9/1 11:58 M7.9 353 | 1390 | 230 Kanto, Japan
1995/4/21 034 M72 | Mwll 12.1 1256 | 241 Samar, Phlippines 1920/12/16 12:05 M83 369 | 1056 | 150 [Haiyuan, China
1994/12/28  12:19 M7.7 | Mwl.7 | 405 1434 | 248 Sanriku haruka-oki, Japan 1905/4/4 0:49 M7.9 32.6 768 | 200 Kangra, India




O - M (FANWES), RO EME/A T o 4
74 MRS LTz,

BT LV K ILESE (Q, Tpn, TnQ KR ONCz i) 1%
2, BAR, 740y, AV KRVT, XRTT=2a—F=7
BREDEMIHF LTS, /o T, KLKEFEI na
DOETRELTWVWD. A REa—F 7 KEOEZEIZ
tv??M%&*Eﬁ@ﬁﬁ%<%ﬁb(“é.:@th
INHOHBR T, WEBEOMBAEAL WS, HAKK
OHERE (M8.0, HHHES 83 FA) 1%, 1556 41 H 23
FIZHEORES TRELTND.

AREFERHTIE, 7L —FERERLTWS. Z0F L
— MERIZL, Yeats (2012), Bird er al. (2003), Kato and Eastern
Asia Natural Hazards Mapping Project (2002) %% FIZ/ERL L
2. 74 VU fHEDOT —#1%, PHIVOLCS (2008) %fiH
L7-. HERAR & WHEEE (M7-9) 1%, AR ETRAEL T
W5 (5 4 %), AHEXLUKEBFRROEKRS 7 2 DHE
X, 1 FRT 7O 2004 45 12 A 26 B A~ b7 Bih#iE
(M9.1) &, BA® 201143 A 11 BB H K EHENHE
(M9.0) TH5.

REig; & Wi #IEFE 2 X 1Z Etopol (Amante and Eakins, 2009)
K U SRTM30 Plus (Becker ef al., 2009) % f#FH L 7-.

(ZHEEE)

3. & W B

WTr o7 EEOEBIIGAT AIENREE R L. 2D 5 b,
EWMETHDZ EBNREER LD ESR, EWMETH S LH#EE
ENALDOEMWR, RELTVWALDEERTRLE. £H
RIEWTBIZOWTCIIMTB4 2R L. W7 PT L 20T
1%, 7V — MNERBD ORI ST, KEMIBIC S 2B OER
BASAAL WD, 28, ARERAT BRI, BB
T, FAEMEOER, MEICHWZEXOMRES, &H -
%ﬁwiofﬁaézk%ﬁﬁbf,%%Ewﬁﬁ%ﬁﬁw
BEN—HETIIRWI LICEENLETH S, HROEEE
ROERHIIARICITRERTWARW, (72, BlFED S b,
FHMHEOENLDREZDE VL DIZHONTH ARFITRE
NTNZ2NHLDORHBH. 07D, EREN/RINL TV AN
Hulk CRHIBA AT B HEEMER 2 0bIT TRV Z &
BRIz,

Guilr 1)

4. BRERIRSE

BIRT—4 . BERHE (1000-1899 F) OEF T A —4
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TORIFEANT A — F 3K EHEFH A FT O Preliminary
Determination of Epicenters (ELF, PDE &RB&¥) & M7z,
1900 LAY, w7 =Fa—R6U EEFHALL

KMBOBIRER (1) xH L LI KMEIT, KEHE
FAAFTO PDE 2D BIFADOEE 60 km LE T~/ =F 2 — R
WI5UEE L. 74 VL ZOREEIE, HMEBORER
RR/PEVD T =Fa—F 700U EE Lz, BIRERIT
AREH% 1 » A O PDE I X 2R\ O L EEIRE AT
TRDZ., LML, BARLZOEDIZAARDORRTERT —
ZERAWZ. F£iz, 19204, 19274, 1950 4 & 1970 4F 1
A4 BOMBOEAEL, KRBT —FBEND, Z Lokl
OREESA TR Dotz T D7, Department
of Earthquake Preparedness and Mitigation of State Seismological
Bureau (1999) (2 X 2BESMMORE 9 HEREMRTRAL
7=. 1905 FDOHIEIL, Avouac (2007) 12K ZfEKA, 1934
FEOHFEIT Sapkota ef al. (2013) 12 X D HEZFIH L.

EINEZ=)

5 FEMROBEEH

FEE 1850 AELLED /e B OBIEE A 7T, MEg=E
AP — K Bl XHES) ¢ RE B B EH0KE)
ROMasst: (B, ki) CTHE5. BRELOHET
MR & I X BBV RE WD, REEOHETY
IR I L o THEE (BHER) BSREERS. 22
T, ZOFRNTIBEEOFERMNNR L JEERRYRL,
BEs EOBEFEITHEZ D L L.

HEEH 1,000 £ 2L EORBEIXLTORL, EEAMTY X b
bl =771, ErEER 1,000 £ 0L EoERN 1 ~ 34
DA T EEE S 10~1,000 4 OHEE 24BN L CTREHR L
7o BEHEE S D B REDS 100~1,000 4 DA 1TE K 2 1, 100
AFRBEDOBREIT 1 O EMBELESR L.

R OMEH OIS EH O ERMBEORBEZFERH Lz, =
OB O S L BREICEEL TV 5. %ﬁ@%ﬁ%%
bbb LEHMBEOSZ O S L, HEKEE S %mz W
R, HAL A v FRU TP ERME & A #HE I
%@f@é.ﬁﬁ@ﬂ%ﬁ%%nm;éwg,@&t;é%
E, WEHEY ICRERT BRI DEER LY, WEREX
BaxThsd., 29 LA bHIKNSHAR - TIEX 2.

BHERHT — % . EI2 NOAA ODFEMEFT — X X—2 %
FIA LK. 2720, BAROHER OSRD H 2iTFEDOHEIC
DWTIEEHBICHET DM ESR LY 2 MORLE. 72
B, BHEERKIIESE - ITHARAHEREOER L L.

FRBIAGR : BAROHE (F2) 2oV TiE, —KIBRIC
ﬁwhm%ﬁﬁbt.it,W%H*%%kﬁ%@Fkiﬂ
MOMAICETIEMEES ] OFBEESRLE. 13h,
R TR EEEIRT. 2011 FERALHG K FREpp R I3 4 -
BRI EETEROMBEES Z 2 LW CHEEE
FATHFARHAEROHITARI ) 2 b 21K L, WdLHRaE
WX B EMKE, Bl EOREER (90 4) MNHkE#S

#2. AXOHBREY R b (TE18504ELLE, BHEH I, 000 ALL 1)

Date Name Mj | Number of fatalities | Reference
(yyyy-mm.dd)
2011.03.11 Tohoku 9 | 21,839 (S:60, Fire and Disaster Management
T:18,418, L:30, Agency, Reconstruction
0:3,331) Agency, Kahoku shinpo (local
o newspaper), National Police
Agency of Japan
1995.01.17 Kobe 7.3 | 6,437 (S:5075, L:40, Include 3 persons missing
F:403, 0:919)
1948.06.28 Fukui 7.1 [ 3,728 (S, F)
1946.12.21 Showa 8.0 1,443 (S:860, T:583) Kawasumi and Sato
Nankai . (1947), Kanai et al. (1947)
1945.01.13 Mikawa 6.8 | 2,306 (S) Tida (1978), CDPC (2007)
1944.12.07 Showa 79 | 1,230(8:779, T:451) | Iida (1977), CMO (1945),
Tonankai - CDPC (2007)
1943.09.10 Tottori 7.2 | 1,083 (S)
1933.03.03 Showa g.1 | 3:064(T)
Sanriku i
1927.03.07 Kita-Tango | 7.3 | 2,925(S)
1923.09.01 Kanto 7.9 | 105, 385 (S 12,591, | Moroi and Takemura (2004),
T 325 CDPC (2006)
F: 91781)
1896.06.15 Meiji 7.6- | 21,959 (T)
Sanriku 8.2
1891.10.28 Nobi 8.0 | 7,273 (S)
1855.11.11 Ansei Edo 7.1 | 10,000 (S:8,000, Nakamura and Matsuura
F:2,000) (2011), CDPC (2004)
1854.12.24 Ansei 8.4 | 3,000 (S:1,500,
Nankai T:1,500)
1854.12.23 Ansei Tokai | 8.4 | 3,000 (S:1,500,
T:1,500)

S: Structure, T: Tsunami, L: Landslide, F: Fire, O: Other related death

Bz — b DIEER) RT3 L 2R

Dﬁ@&ﬂié%@ﬁ%é&bt1%5$£E%$%ﬂ%®
PNEIRITAREBHT -5 < . 1946 TN g vEHU R 1 X B AT R T
DOEH (TF - EREE, 1947, &H1ED, 1947) OFEFROWNHE
FF B K SFmE R D EE LT-. 1944 FEREF R BT EHIE 1T,
B (1977) X pEHERND, BT VINTAT T
4 ABO R RELEEE (WA 194 12 A 7 B REERHE
B 2 RICEYRESEELEE, B EgE L
U7z, 1923 FFRAERHBITEE I - ®AT (2004) DEEZ AW
B, HEFHO O bk - HEFEE (1,013 £) 2250, B
L LR REIC L DR F R D SR T o) 7o N B e
B Eiic X AHEET 28 Lz, 1855 EXBIL A #EX, F



FIE2 (2011) TIEHBNLDOEHETEARE L LTLF
TORRERIT 7,005 LU EEESNTWAHEDOD, FREFRES
BERHNCES T 2ERDOEEEIT 1 4, o bEYHETEIL 8
BEL U, ZEENE - EiEE O ENRIZ, BREEYE -
BEHIBROLRESEIL, BOHELEEHEEN 1:1 Th
HHDE L.

WS DHIBEIZ OV TIE, WNEEMEITEARNICESE HiEE,
RO H > - HEITEBHE S Lz, BIICER SR T
72bDITHONWTIINEREZR LT, TEOWEHELFE 3 IR
L7z,

£3. FEOMEBEREDY A b (FEEISS04ELLR, BEEEL, 000ALLE, 2250
FEERELHE L ET)

Date Name M | Number of fatalities Reference
(yyyy-mm.dd)

2010.04.14 Yushu 69 [2,968(S) Lou (1996)
2008.05.12 Wenchuan 8.1 |87,587(S:67,210,L:20,377) Huang and Fan (2013)
1976.07.28 Tangchan 7.6 [242,800 (S) Lou (1996)
1975.02.04 Haicheng 73 (1,328 (S) Lou (1996)
1974.05.10 Zhaotang 7.1 [1,541(8) Lou (1996)
1970.01.04 Tonghai 7.5 |15,621(S)

1966.05.07 Ninglin 7.2 |8,064 (S) Lou (1996)
1933.08.25 Maowen 7.5 (6,865 (S) TLou (1996)
1931.08.10 Fuyan 8.0 10,000 (S)

1927.05.23 Gulang 80 [41,419(s) Lou (1996)
1925.03.16 Talifu 7.0 |5,808 (S) Lou (1996)
1923.03.24 Sichuan 7.3 14,500 (S) Lou (1996)
1920.12.16 Haiyuan 8.5 235,502 (S) Lou (1996)
1918.02.13 Shantou 7.3 {1,000 (S) Lou (1996)
1917.07.30 Daguan 6.7 [1,879(S) Lou (1996)
1902.08.22 Kashgar 82 5,650 (S) Lou (1996)
1887.12.16 Yunnan 7.0 [2,256 (S) Lou (1996)
1879.07.01 Gansu 8.0 29,480 (S) Lou (1996)
1870.04.11 Batang 73 [2,300(S) NOAA
1850.09.12 Xichang 7.5 23,860 (S) Lou (1996)
1556.01.23 Shaanxi 8.2 830,000 (S) Lou (1996)
1303.09.25 Shanxi 8.0 200,000 (S) NOAA

S: Structure, L: Landslide

6. HEEKE

B RNT, [EREICIRAE LE B BRI I o3 A B iR
CEABITTERASNDZ EE2EME LT, B UVTHIERT
FAEUZEED D LEIICRERFEELZ O L8 DO
AR N ERNBITEREPNESFHAZMRLEZBDOTHY,
BEFOFRAW EEmoE BRI LS b i Citdi Lz,

#4. BEKEFEOY R b

Tsunami event Date Cause Approx. | Approx. maximum runup
name fatality height (location)

1. Japan Tohoku
2. Indian Ocean

11 Mar. 2011 Earthquake 18,378 40 m (Iwate, Japan)
26 Dec. 2004 Earthquake | 290,000**| 51 m (Banda Ache,
Indonesia)

3. Papua New 17 Jul. 1998 Earthquake | Over 15 m (Sandaun, Papua New
Guinea and 2,200%* Guinea)
submarine
4. Sea of Japan 26 May 1983 Earthquake 103 15 m (Akita, Japan)
5.Moro Gulf 16 Aug. 1976 Earthquake | Over 4 m (Moro Gulf,
(Mindanao) 8,000** | Philippines)
6. Krakatau 27 Aug. 1883* Volcanic 36,417** | 42 m (Sunda Strait,
Volcano eruption Indonesia)
7. Unzen 21 May 1792* Debris 10,000 50 m (Nagasaki, Japan)
avalanche by
volcanic
8. Meiwa 24 Apr. 1771* Earthquake 12,000 30 m (Ishigaki Island, Japan)
(Yaeyama) and
submarine
landslide?
Sanriku 15 Jun. 1896 Barthquake | 22,066** | 38.2m (Iwate, Japan)
Hoei (Nankai) 28 Oct. 1707* Earthquake | over 27 m (Kochi, Japan)
5,000%*
Meio (Nankai) 20 Sept. 1498* | Earthquake over 12.6 m (Shizuoka, Japan)
26,000%*
* Local date

** Total fatalities in the event

Xt E L=0iE, 1771 F£0BFfn O\EWL) ¥, 1792 F£0
El (BREKREIEZEREK) B, 1883 FED 7 T ¥ v kL
¥, 1976 EDFE L (I &) 4) ik, 1983 £0 HAYE
P B SE, 1998 EDNT T =2 —F =T EH, 2004 4F
DA v REERER, 2011 0 FAbH 5 KRR O 8
DDARY FTHD (KA. (B E LZEBEIET AV b
K& (NOAA) Web D F— & X — 2 (NGDC/WDS
Global Historical Tsunami Database) |ZH#E STV B EE A
R MU RIDD, BICHEEEDOZ NS OEFAIIZY A
NP7 L7zbDTHD. 72721, BWEBLED N OEKRT
b, W EEBERER > TLE Y bDIFE 4 KOKEFRRH»
AL, Bz, BARBOTCRELEEREA XV FTHD
1498 FE DB E, 1707 FED RKEE, 1896 ED TS =
EIEIT 2011 4ERALHN G KR R & g E R A E e
HI-DICKEFRRNOHALTWS, £7-, BERAL SEELL
HNDOAR PEDODRBBZIZ-Z VT, BEAXRVFTHD
T EBRHENR S D0, EEOBERGECE ST — Mg L
AMNETELRWARV LY X B LE. —FF, 1976
FEoEail (IU74574) B 1983 £0 H A Y HE
B, 1998 ED /TS T = 2 —F = T EIRIT, SEHEITTE
HEL R bDODORWRFICEEEL 5272 &b, &5
DY A MINz 7z,

FNEFNDEEA R MIBWT, H3XE, hERERE
E, BB, TANRN—R, @RV IaL—va URERR
EoF—2%FHL, BBLZ 1m (2004 41 > FEEREDE
CBWTIEBBXZ2m) ULoW EEOEENES-LE
2N EEEALCHEZRLEZ. B, FATRLE
HE AR T B MBZO DR OHEIZ L 2+~
D7 BIT X0 RA L), RE TR U ERIT A LM
B (KL AR N SIS 5 B kWG - BB 2
RV RALLER Lo THEbNZZLEZRLTWS. £
EZENTENDOEEA X P TR EFEZEH LSz
RATRT LRI, AW EREEZFOOES T 7 LHFT
L. 28, ool L1E, 5IH LIS
B -BCI-THIBREOREN S EELTND Z LICHE
BERMBETHD.

T DOEEF AR X0 1 [E OERE KD AV E R I KR
WEZRFTL, FLTERTSTHEOLE 22Dk 5%
BEOU R BEEDERENICEET A Z ENARETH
5. A% OBFEANT— Ficxh T 2R OEMER L LT
HHLCHEZZV.

(AR )

7. W77 ORI

AREHFHERICIE, 2HH (<10ka) DKLD& 4H
ZRLTE. DA ELENE, RAI V=7 ® [Volcanoes of the
World (& 3 i) | (Siebert ef al., 2010) IZfto7=. =751,
7 4 U ENZOWTIE PHIVOLCS DEFHET AIH KILDO4AR
LEABIER LTS, FEAED kL, BIUISMLTH
5. LL, W ONDKINIRESRIZHSMA LTINS, %
E & Hsk o kILEuE, 4> FR¥7 142, BA 132, TFT
—a—X¥=756, 74 V22, kE 19, BE 12, BE 7,
oy 7 6, XhFA6 TINS5, HES, LEES, S v
<=3, TIHZAZ V2, b —UT 1, 8525 1 Th 5.

(EHER)



8. WNTI, BTAREY, KREXFRR

T DT HU O REAE k- L A RBRIRERB BB 57
D, AIV =T T —ER—=ZANBME AN M L.
W7 U7 MBI 2 EHHEOBIEIE A (22T, KEE
<) 1E3,446 1 THD Q013 FEHFE). D5 H VEIT L4
ft:, VEI6 1% 19T Y, VEI5 LA FiX VEI2 % TR

I3 % (&S5). VEIS

#5. semET U7 Mok @ BLEIXAEIE L7V, VEIT &

RELEF UM ROBE  VEI6 DA <> F D% I
oy R TR W T AR % 23 A
e SETHY, BT ARHRN
> 0 MO AT EN TS
6 19 bOEMWBMCTEIR L (&
5 37 6). B AODINEEFR=
4 144 f, WIRHZRINT T k%
3 384 RERCRLE. 2504
2 1,728 v (1883 ) L EF VR
; o (1991 48) W F AR5
not mentioned 508 AL HIFR T OREIKFTER D B

AEEHE R U, B ok
HREM OSBRSS
#HiblH & BIKEREN D A HFIIABICRENEVEERSH Y,
AIFIHEORTRT Y L EREBEE KT T HDIC
X LT, BHETEOIEIR WA REME R E . BET D VE
17-8 DEXRD OB, DABREILLARDNLTVWEE AL LT
AR (30ka), h/N (74ka), [k (90ka) Z[PhHSxIE EnE
EDI-OITRLT.

#6. KEFERR L ssBih A LmEkic X 5 EER T ALK

Volcano Age VEI | Reference

Tambora 1815AD | 7 Self et al. (2004), Zollinger (1855), Kandlbauer and
Sparks (2014)

Lavigne et al. (2013)

Machida and Arai (2003), Wei et al. (2013), Horn and
Schmincke (2000)

Rinjani 1257AD | 7
Changbaishan | 938AD |7

Kikai 73ka |7 Machida and Arai (1978), Machida and Arai (2003)

Pinatubo 1991AD | 6 Paladio-Melosantos et al. (1996)

Krakatau 1883AD | 6 Verbeek (1885), Simkin and Fiske (1983)

Rabaul 6th 6 Walker et al. (1981), Nairn et al. (1995), Naim et al.

century (1989)

Witori 3.4ka 6 Machida et al. (1996)

Mashu 7.6 ka 6 Katsui ef al. (1975), Kishimoto ef al. (2009)

Ulreung 10.7ka |6 Lim et al. (2008), Machida (1990), Machida and Arai
(1983)

Moekeshi 9.4 ka 6 Nakano ez al. (2001), Nakagawa et al. (2013)

Pleist 1l-de ted eruptions for comparison

Aira 30 ka 7 Machida and Arai (1988), Machida and Arai (2003),
Kawai and Miyake (1999)

Aso 90 ka 7 Machida et al. (2003), Machida and Arai (2003)

Toba 74 ka 8 Ninkovich et al. (1978), Self (2006), Lee et al. (2004)

KRB TEHERE Y (VEI6-8) DA & KEF R L
7z REWEKRRHERD OQ0IL, SHORBEKLEKIC

K1, KEFBRKIOR LT FBERFEARAHERD O Y 2 b

Ignimbrite | Age Source V&‘;‘!‘f VEI | Region, Country Reference
e— Timmreck et al. (2012), Aldiss et
Toba 74ka |Toba Caldera | 2,500-3,000 | 8 |f oo o al. (1983), Acharyya and Basu
onesia (1993), Rose and Chesner (1987)
Ono et al. (1977), Ono and Watanabe
[Aso 4 90ka |Aso Caldera 600 7 |Kyushu, Japan (1985), Machida and Arai (2003)
ito 30ka |Aira Caldera 350 7 [Kyushu, Japan é‘&;’;ﬁ“ (1984), Machida and Arai
. [Shikotsu . Yamagata (1992), Machida and Arai
Shikotsu 40ka Caldera 300 7 |Hokkaido, Japan (2003)
" Okumura and Sangawa (1984),
Toya 110ka |Toya Caldera 170 7 |Hokkaido, Japan Machida and Arai (2003)
Kussharo By Okumura (1991), Machida and Arai
Kussharo 4 | 120ka |, 00 >150 7 |Hokkaido, Japan |26
: o Ryanggang, North | —_
© 93BAD (o ) >100 7 |Korea and Jilin, |Wei cf al. (2013), Taniguchi (2004)
'volcano Hing
Tambora b i and Carey (1989),
Tambora | 1815AD) | 0y gery 100 7 |indonesia [Kandlbauer and Sparks (2014)
bt achinghy Hayakawa (1983), Nakawaga ef al.
15ka |Towada Caldera 20 6 |Tohoku, Japan (1972), Machida and Arai (3003)
Krakatau | 1883AD ’C(:l";‘:r‘:“ 136 g |Sunda Stralt, etal, (1991)
East New Britain, p
* |Nairn et al. (1995), McKee et al.
[Rabaul 540AD [Rabaul Caldera 11 6 gﬁ; New (158%), Walker eral. (1981
Pinatubo 1991AD 5:2::.? 104 6 i;:;‘i’“x " Newhall and Punongbayan (1996)

'VEL Volcanic Explosivity Index (Newhall and Self, 1982)
Volume: include co-ignimbrite ash

BUOIZAY—F-VRIFMEEITO ECEETHS. HEK
ETE, Qp LTRRLTWS. 2 2Tk 12 DRERZRK
FER KRR HERE ) D /3 A B R LT2 (32 7) .VEISTIE, 41 K%
L7 Toba B /VF IR D Toba KFHFHEREY) (74 ka, 2,500-
3,000 km?®) %R L7=. VEI7 Ti%, BB ILTFSEIEDAF
KFERHEREY) (30 ka, 350 km®), FIREA LT T IR DM 7% 4
KFRHEREY) (90 ka, 600 km®), IRFR A /L7 T IR DI 8% k
P HEREY (110 ka, 170km’), XHH LT TEIEDZ %k
FERHEREY) (40 ka, 300 km®), JEAHE D LT 5 IR O B £11
4 KRRRHERRY) (120 ka, >150 km®) , AL B fet v HE 20 A
WA T FEIRO AL kR HEREY (938 AD, >100km’),
AV RRYTDEVRTHNT T RIRDF R T KR
¥ (1815 AD, 100 km®) % R L7-. VEI6 Ti%, +FfiHE»
TS RIED N KERHEREY (15 ka, 20 km®), 74 U t°
VOEFYRKILEEO YT Y R KBRHEEY
(1991AD, 104 km®) , R P T =2 — X =T DINNI LI LT
R D T 7 v K FRHE Y (540 AD, 11km®), 1 > F %
VTDITAETANT ZEIRD T T T & 7 KREFHETEY
(1883 AD, 13.6km>) &R L7-.

(WNEXR - EHER)

9. FEANLUHRDEHE

W7 T HIBOFEALUBESOBBHEREZIMD L iz,
£ [E 76 JB 1400 4ELABE D A7 5~30 DA XU hZEY _EiF7-.
BARTIZEM24 (£8), 74 VB TIEEM 15 (3R9), 1V
KRR 7 TIEENL30 (£ 10), X T =a2a—F=7 TlI kAL
5(& 11) oA Xy MK EEOEIR L. BHEERT,
FERZ LI, kiR (o f), ABkiEn GEe), BT
K R OSSR (Bkfa), KILRIR (Ff), B ke,
KIWHTA (AL rdf), TOMBEES (Ka, GRRe
BLEE) IR L7z, I b OBHEEIE, T Siebert ef al.
(2010) 2B L 7.

HAODKILIKEE (F8) TIX, BHEDOZWIEIZ, 1792 4F
ZE AR 72720 (15,000 A, B, 5 6 3), 17834 &H

#8. HAD LARAOKLKEFEDY A b (FEE1400/FELIFE)

Number Volcanic Event Year Date F?::t“a‘:)” Event Type Causes and fatalities | VEL
1 Unzen Mayuyama 1792 | May21 15,000 |Debris avalanche T (10,000), D (5,000)
R Pyroclastic flow,
2 |Asama Tenmei 1783 | Aug.s 1491 | goprc atanche L (1,025), D (466) | 4
3 Oshima-Oshima 1741 | Aug.27 1,467 Debris avalanche T (1,467) 4
4 Hokkaido K 1640 | May 24 700 Debris avalanche T (700) 5
5 [Bandai 1888 | wuyis | ayp  [Deomsavalemehe o oo | 4
y phreatic eruption G77); P (100)
6 Tateyama 1958 Apr.9 279 Debris avalanche L (279
Pyroclastic flow,
7 [Nasu 1410 | Mar.5 80 [ fal, Lava flow L (180) 3
8 [Sakursi i 779 | Nov.8 5 [omstay, F(100), T (53 5
ajima An-ei I ov. 1 v flowi, tephira (100), T (53)
9 |Tokachidak 1926 | May2a | 1aq  [Pyroctestioflow, L(141),F 3 2
ol e 9. y tephra fall, lahar (141), F 3)
- Pyroclastic fall,
10 |Aogashima 1785 | Apr.18 130 | flow R (130) 3
11 Izu Torishima 1902 Aug. 7 125 Phreatic eruption P (125) 23
12 |Usu Bunsei 1822 | Mar.23 78 [Pyochstictow P (78) 4
(surge)
13 |Adatara 1900 | July 17 7 Pyroclastic flow P (72) 2
14 |Ontake 2014 | Sep.27 63 Phreatic eruption F(63) 2
5 |Sakurajima Taish o4 | dmiz | e |rocusiclow R(0),F (23 4
1 rajima Taisho 1914 an. 1 lava flow, tephra (40), F (23)
16 Kuchinoerabu-jima 1841 Aug. 1 >50 Pyroclastic flow P (>50) 23
17 |Unzen Heisei 1991 June 3 43 Pyroclastic flow P (43) 2
o P Pyroclastic flow,
18  |Sakurajima An-ei 1781 Apr. 11 38 lava flow, tephra T(38) 4
19 |Bayonnaise Rocks 1952 | Sep.24 31 Base surge P(31) 2
20 Esan 1846 - >307 Lahar L (>30)
21 |Unzen 1664 | Apr. 15 >30  |Lahar L (>30)
Debris avalanche,
22 |Ontake 1984 | Sep. 14 29 " D (29)
23 [Hokkaido K 1856 | Sep.25 gy | [Prresticilon: P(23),F 4
ep. to i (23),F(2)
24 |Aso 1958 | June24 12 Phreatic cruption F(12) 2

P: Pyroclastic flow and surge, F: Tephra fall and ballistics, T: Tsunami, L: Lahar, D: Debris avalanche, and R: Related death



KMk (1,491 N, KFEFE, BB 727240, KILTRHRE), 1741 4%
EEREERBREN (1,467 A, HEF), 1640 4 b &5 »
EAEBREN (700 A, BEH), 1888E BB LAEBREN
@471 AN, BB, 1858 FEALIAEBRTEH (279 A, K
IWPRHE, REMEBICHEREINEBREN L KL &
RoTW5.

£9. 74 YEYDLAISMDOKIKEEDOY X b (FERE14004FLU)

X R T K ILIE K AR & R (60,000 A, K RRFTE & B
), 18834E 7 T 4 Z v kUMK (36,417 A, KFRFL & HE) ,
1586 44 /L— bk ilmgk (10,000 A, KkFER), 1919 4E47 L
— hekiLmEk (5,110 A, KRR OVKILTESRE), 1822 44
7 vokiumE Ak (4,011 A, KRER) Elro T T,
1979 4£5 4 = KUK TIE, KIUFRIZEY 149 A2
M Lo TWNA.

P: Pyroclastic flow and surge, F: Tephra fall and ballistics, T: Tsunami, L: Lahar, and R: Related death

T4V ECOKILKE (F9) TIX, ZWVIEIZ, 1875 F~
kil (31,500 A, BERRIZ X 5 KILTER), 1911 4E& —L
KlvEk (>1,335 A, kFERE), 2006 F~ = 2okl (1,266
A, KILTREE), 1814 =3 kMg k (1,200 A, KEe5E
KOUKILTRHE), 1991 4E v Rk mEk (800 A, KWL
EOBETAILK) &leoTWn5.

AV RRVTOXLKE (R 10) TiX, ZWIHEIZ, 1815

F10. AV RRYT O EALBAIOKILKED Y R b (FEEEL14004ELLE)

Number | Volcanic Event Year Date F:::‘“ﬂﬁ)“ Event Type Causes and fatalities| VEI
1 |Tambora 1815 Apr. 10 60,000 mﬁ flow and B( }3%?&))08;1& R 7
2 |Krakatan 1883 Aug. 27 36,417 mﬁc flowand | p(5000), T(34417) | 6
3 [Kelut 1586 2 10,000 [Pyroclastic flow? P(10,000)

4 [Kelut 1919 May 19 5,110 fahyf;c“’s‘ic flow and L(5,110) 4
5 |Galnggung 1822 Oct. 8 4011 [Pyroclastic flow PG00, LA | 5
6 Merapi 1672 Aug. 4 3,000 Pyroclastic flow P (3,000) 3
7 |aw 171 | Dee.11 3,000  [Pyrocastic flow P (3,000) 3
8 [Papandayan 1772 | Aug12 | 2957 |Debris avalanche D (2957) 3
9 |awu 1856 | Mar2 2,806 [Pyroclastic flow P (2,806) 3
10 [Makian 1760 . gtoy [yt flowand L (2,000) 4
11 |Awu 1892 June 7 L3y [Fyroclastic flow and P(1,150,L(382) | 3
12 [Merapi 1930 | Dec.18 1,369 P"‘:r“l“m flowand P(1,369) 3
13 |Gamalama 1775 2 1,300 f‘{{;’:)‘”“'c Sre (base P(1,300) 3
14 |Agung 1963 | Mar 17 iy [Eadiiticfoy teghs | B (szf)(’lzé)‘ 63), 4
15 |Raung 1638 . >1,000  [Lahar L (>1,000)
16 |aw 1812 | Aug.6 os3  |Pyroclasticflowand | pis90) 1 2s3) | 4
17 |Hiwerung 1979 | ny1s g |Pebrs amlanchoand T(539) 3
18 |Ruang 1871 Mar. 3 400 |Collapse oflava dome T (400) 2
19 |Sumeru 1981 | May14 372 |Lahar LG7)
20  [Merapi 2010 Oct.-Dec. 353 Pyroclastic flow P(353) 3
21 [Makian 1861 | Dec.29 326 [Pyroclastic flow P(326) 4
22 [Paluweh 1928 Aug. 4 226 r-li-’s‘ﬂ‘;f;‘]'e eroptiontind T (226) 3
23 [Sumeru 1909 | Aug.29 21 |Lahar L(21)
24 |Kelut 1966 | Apr.26 gis  |Rymdastio flowand L(214), P (1) 4
25 |Sorikmarapi 1892 | May21 180 |Lahar L(180)
26  |Merapi 1872 Apr. 17 170 Pyroclastic flow P(170) 2
27 |Dieng 1979 | Feb.20 149 [Volcanic gas G (149) 1
28 |Sumern 1976 | Now.13 133 |Pyroclastic flow and L(133) 2
29 [Kaba 1833 | Now.24 126 |Lahar L(126)
30 |Dieng 1944 Dec. 4 117 Phreatic eruption F(117) 2

P: Pyroclastic flow and surge, F: Tephra fall and ballistics, T: Tsunami, L: Lahar, D: Debris avalanche, G: Volcanic gas, and
R: Related death

Number| Volcanic Event | Year date Fatalities Event Type Causes and fatalities | VEI §1 1. XS TP ma—F=70 {ﬁ 5 4-\'_[ ) k [J-l %% DY AR (ﬁ El 4004$ U\I@)
1 [Mayon 1875 - >1,500  |Labar (rain) L (>1,500) [Number] Volcanic Event] Year date | Fatalities Event Type Causes and iti VEI
2 |Teal 1911 | Jan.30 51,335 |Pyroclastic flow [P (>1,100), T (>235) 3 1 [Ritter Island 1888 | Mar13 | 3000 | fw’lmhe L T (3,000 2
3 |Mayon 2006 || Noviad 1266 |Lahar L (1,266) 2 |Lamington 1951 | Jan.21 | 2,942  |Pyroclastic flow P(2,942) 4
Pyroclastic flow and a
4 |Ma 1814 | Feb.1 1,200 P (1,100), L (100 4
yon . ahar QL0 3 [Longistand | 1660 | - | 2000 [Prockestiefowand iy 000 11000 | 6
5 |Pinatubo 1991 | June1s 800 m"fgﬂ" flow and |p 55y 1. (100), R 450)| 6 ‘5“”“‘1':5‘],0 —
6 |Hibok-Hibok 1951 Dec. 4 >500  |Pyroclastic flow [P (>500) 12 - [Rabeud 991 | Merdd e tephra fall rewEEn 4
i roclastic flow and
7 [Mayon 1897 | Junc2s 350 [Pyioctaste flowend |p 10),F o) 4 5 |Rabaul 1850 = >500 Pyrm it F (>500) 4
8 |Taal 1965 | Sep.28 5250 l‘;{gﬁ: flow and |p (.1 50), T (>100) 4 P: Pyroclastic flow and surge, F: Tephra fall and ballistics, and T: Tsunami
9 [Mayon 1981 | June30 5200 |Lahar (rain) L (>200)
10 [Parker 1995 |  Sep.6 <100 |Lahar (rain) L (<100) . -
1 |[Ma 1993 | Feb.2 77 |Pyroclastic fl B(77) 2 NTT Z=a—=R=T OKIUKE (F11) TE, ZVIRL,
yon ‘eb. yroclastic flow N N
e T T oo T o e re - 1888 4V v ¥ —E kB R7ZH (3,000 A, HEK), 1951
-Hil ep. yroclastic flow - — - ¥ S
—= e e A . FT IV PKIIER (2,942 A, KRR, 1660 AEv
ayon . < o e =%
14 [Mayon 1853 | Sep.13 34 |Pyroclasticflow [P (34) 3 B KUK (2,000 A, KB L BB, 1937 47801k
- e (Wi (507K, KR & B FokRM), 1850 47 /307 Lok
yon 1887 | Mar9 15 xoolasti F(15) 3

gk (>500 A, KRR & BT KRE) Lo TG,
(EHER)

BE T U7 Mk E kLS EFRR OIERICH T o T,
WERERAS ¥ —I5WE - KILAFFEERFY, G-EVER =2
V=T A, B-EET T HEREEREZEES (CCOP),
HAMENEESEDOMBEE DS 2 12i%, BERI AV B
ZTEW-. #HEREREGEZF—0ERARRRICIL, HHT
REBMEFEIT /2o 7=, PEMERHMER BT ZEET O 5 E BT
B, BB RIC - tER B2 o Z — D Demberel
S.EIFFREICIX, CHRINEZR K CHATEWZ., Z ZIZEE LT
WELET.
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