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Regularity of Volcanic Eruptions in Terms of Volcanic Explosivity Index (VEI)

Setsuya NaKADA™

Statistical treatment of volcanic eruptions clearly shows the regularity of power law between the frequencies and

the scales not only in the global scale but also in regional and individual volcano scales. However, ancient smaller
eruption events tend to be not recorded, compared with recent data. In the log frequency-VEI plot, incompletely

normalized frequency which ignores the time-dependent nature of the database, provides a gentler regression line than

when the data time-dependence is considered; that is, the former reflects low numbers of small eruptions insufficiently

recorded. The slopes of the regression lines are similar, irrespective of area scales. This regularity may help our

understanding about the potential of future large eruptions in not only individual volcanoes but also caldera regions.
Volcanic activity in Japan has been quiet recently ; no VEI 4 eruptions occurred after the early 20th Century, and no VEI
5 eruptions did since the middle 18th Century. Considering the regularity of volcanic eruptions in the arc scale, it is
likely that Japan will experience these large eruptions near future.

Key words: power-law distribution, frequency of eruptions, VEI, caldera region
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WE DIRPEZ DT, KIEZAR O RIFE, W
MORH = & BRI O BISR, B L 2 &R RS L
RN S b H D, FEIZ, KUK OFIEL & BHEE D
BILRI, KILBFEFE %L (Volcanic Explosivity Index: VEI)
% 2% L 72 Newhall and Self (1982) L3k, Z OB IS
LD EEMICERSNAD, A3V =7 ¥ (Smithsonian
Institution) 2SR HF O T —4 % L ) F L BT “Vol-
canoes of the World” O£ 82 T & Y HAMEIZR S L7z
(Simkin, 1993). &b b, HHEOE K% VEI HIZHE %
W5 E, WREBFERTHERA L %2 XEFEADBD 5
5 (BlziX, Simkin, 1993 O Fig. 4). ZIUIHESFT
Hhbwbn Tz, HEOY 7 =F 12— FEHED
BJ4% (Gutenberg-Richter HIl) &ML T2 (f 2 (1F,
Gutenberg and Richter, 1954). VEI & [Al5fIZHEK OB %
RTIREL LT~ =F2— F M) DRI (1993), &5
I21E, Pyle (2000) 12Xk > TEASN, L1 EEMRT
W END L) IZH>TECTWD, VEL DRIEHIE XD
B (77 7 ofE) 2k — ¥ —TRT DI LT

M BRI 2 IERFE N 2> O NAR A A R 57, W L7z
YT O A ERICERT A0, WEICIENE
IZHFRENLHEOREEIZ D E DD D, 72751, B
FEHIE N 75T 2 B & VEL & M IRIEIZE 20 (B
% 5.2 % (Crosweller et al., 2012 ; Pyle, 2000). VEI |34
FNZIET 7 7 OFRERRE D VIS <A, WEFEMIC+
DRAERED VR WILETY, HES -,
KDY A7, WREEIEE 2 EOFRESEIZLTEOMR
BAH 2 5NTWAEIENDHD. ZDH, LTHELD
IR D IREE K OB HE * 4 — & — THIKT 512
MEFARIECH L. T2, BT TIERNROERD Y F
VAR TYIYDY AT L EEEBTHEIZLIDLED
LK OBBEHHE S AH LN TWD (B 212,
Neri et al., 2008 ; Tatsumi and Suzuki-Kamata, 2014) .
RESCTIE, MAOBUEE (VED JIBEE S il HA SN
COREFEHIOBIRA, HRABEZZT TR, LA
WA =)V GRS, KD, & S 128w
TOHFHETHILERL, TNH DGO TR
HIRIZOWT HEBET 5.
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2. BEXOFEEE DR R

KT W mEKDOTF = FIFFIZAI V=T VD
Global Volcanism Program @ “Volcanoes of the World” data-
base 4.22% |2 X 5 TWAD, NAVEF |22V T Scandone
etal. (1993), FFE-JEFIEHIT 2D\ Tld, Hasegawa et al.
(2012), FILMIZ DTl Nagaoka (1988), [l (1988),
R -l 001 ZEEH LA T2, BLincownTid,
= (2011) D 6 D 2,200 4F i LA O i B A O FE A
Mo 7 EEEHE DRE) # 15 L CF 7 &I
WHLCTHERLZ. 2o/, Ehilo#iis HEOM
FRZIBIEIEKIZIRO NS 7 — 7 TR AV O TEEZ T
9 5. Table 1 (245 EELY - 72 i K iigED 7 — ¥
BERL7.

T2 Simkin (1993) 258 L T b X 912 Ew%
km&ﬁﬁéﬂéﬁ#9$<&é.ﬁu,vm®¢
Ekuﬁbw%ﬁ@ﬁﬁL#ﬁEL&w_:ﬂu,ﬁﬁ
DREVEKTHIUIHERY & LTRSS N2, i
FRELTHRENRT VO LT, /NS K OHETEY)
FEAEICIVEDNST VI LR, XD L WHERDIC
HMAINTLEFS>TRDDDIZCWZ E R ML TWA 72
%9 . 72, Kiyosugieral. (2010) 1%, KBUEME KD 7 —
% N — A (LaMEVE) @ VEI & M4 DL K & Hiid L
BRf L & D Icdeb T 2 GRS OB E RS - ¢
W5,

Fig. 1121&, AR E BAROBE KO VEI 5O $ %
BRI E CRE L RS A ENFIUR LT
b MERFHAEZZZTHVAHEIL, @FoTOy T
X, X OFEO/NS LEKOT— & P FEIZER L, 8
FDT =5 DFAERPREZI WD TH D, T
F&W) DKL W DA R % 7~ SRR R & W] Ui T
HhH. 272, TITEXEEAREL, s0ftb DI
FRETH D, FHYITEAIEZ > TBIUL, 2%
FESMERIZEWEKETH L &, Bzl 77
TERMIZLIZE ) BBICR D, BIZIE, Fig | ORI
KT =% TIL VEI 7 DFERHB U, DF ) VEL 7
OWENIEITITID ZIF LR RSN TND T EEIRL
TWa.,

Z ZCld, fERV 7 b KaleidaGraph (Synergy Software,
v.4.5) O 7T ay PEAEHL, T HEBRTHAT
?Lt.#ﬁb% VEI & & (2WE AR I #2250 5

— 5 EWG~NFEZ, FEFEy () FLTORXTHRIBL T
5.
y ()=100XP (i)
P ()=(i—0.5)/n

* http : //www.volcano.si.edu/
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Fig. 1. Time-cumulative distribution of eruptions with
different Volcanic Explosivity Indices in the world
(a) and Japan (b), where eruptions were added up
from the past to the present. Monotonous increase in
data preservation with time is clear for every VEI in
the world, while the patterns of increasing of the
VEI 3 and 2 eruptions are different in Japan. Though
the reason is not clear, this suggests that relatively
abundant events of VEI 3 have been reported and
events of VEI 2 eruptions are less.

i WERA LA ZEAHT L L n OB OfEE L 5.
n: K O#EL

ZD7=8, BKGEHED A WK E LB OB DY
BlIET— & I 100 R 0 2 S EENL TRE NS,
WK DFHEEPEREMS L VR LB LOFMRTD
HATL ML TWwb, HAD VEL 6 L EDBEKIZEA
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Table 1. Numbers of eruption events treated in this study
Total* VEI7 VEI6 VEI5S VEI4 VEI3 VEI2 VEII

World 9,025 6 50 172 484 1,183 3,859 3,271

Indonesia 1,185 2 1 7 26 135 813 201

Japan 1,071 1 2 24 87 166 545 246

Chile 365 0 3 17 17 35 234 59
Volcanoes

Vesuvius 92 0 0 0 2 23 67) - since AD1632

Merapi 57 0 0 10° 2 5 (40) - since AD1800 (°past 10 ka)

Mayon 55 0 0 0 2 14 23 16

Izu-Oshima 68 0 0 0 6 19 18 25

Fuji 44 0 0 2 3 14 25 - since 2200 yrs ago
Volcanic areas

East Hokkaido 116 3 18 31 58 6 - -

South Kyushu 14 4 5 5 - - - -

Taupo v.z. 23 0 2 3 10 8 - -

* does not include VEI 0. Numbers in parenthesis are for VEI 1 and 2.

Percentage of data existence

1000 500 0

Year

Fig. 2. Time-cumulative distribution of eruptions with
different Volcano Explosivity Indices in Japan for
the last two thousand years. Arrows imply high
volcanic activities in the 9th Century for VEI 2-4
and around the 18th Century for VEI 5.

RO O THRETIZITHEE TR\, 5o VELEE
BOFHEROBEOHTT L, ORDZFNE TILEVHFE
OOLND. Thbb, WHROTF— %1% VEHREIFEIERD
EREME & NS VEKIZERE CFIETLDIRL,
HARTIX VEI2 & 3 DFEROBIEOM T A7 5 (Fig.
). $7%bL, VEI3DFAEFROWFEA/NE { VEI2 T
K&, HARDVEI2 & 3OO ZHTAEMOBEK
TR DD Db Lk,

3. BARBOEEEHR

Simkin (1993) (ZMEAAEJE & B O 2 3 2 BRI,
MK GRERD RIS K 2 FAEE A Bk L, VEI2~3 OB
WZIEERIE 30 F 07— % il L, VEI 4~5 OMEIZIE
200 4, VEI 6~7 OHHEEIZIE 1000 FEDOT— & 2 fEH L
7z, Fig. 3%, AI V=7 YOMFROEKT— 505,
T4 7 D AL L 72 & ORI O B4R %
BLLHEEFRBIORLZODOTHD. Tabb, HAD
BB IZHEMRE S D DIF - T, TFAEERD 50 %, 70 %, 80 %
L DAEREE RS, EDDIT o 72 SEAE L 72mE K
¥aZOMETHL Z ET, SFER TN ) O
REW L 2L, 22T, HEERSHEBEL RO
KEBPE D RFE (RBEBED D \VITEBEE) TR
ZOFFEHEY L bW IA L BERBEEY L bWt s
ETIE, MAOTHy M CEEIND EER (RHICIE
TR ORI ICH T D RERENTE LW
GUHEEEREZEEBETIIETOT— 7 2 il L7254
&, WERIZE, NS BRATRE R LGRS
FEENTWRWVOT, LVEWAROHEIHLNL.
FIUSK LT, FAEE 50% LD 7 — % 220, 171
FIZLH T, IZITHELVOLNR L G ORFEI RO NS,
Thbb, FAEFZEE L ORI = i L
U, 7= OREORD IKFE L2 Lo b o
PHOND L2 D, 7B, Fig 4 ETII VEL L %
B2 R EHIVTWA. VEL T OIEKBIEAI V=
T Y DT — 4 TlE VEL 2 DWRE LY 47 { (Table 1),
VEI | %5 Z NP EOBIED 7 — & % % S R
—RIESN VO TVEL2 L EZRE L
BARMIZAFE L L CId, Bk oMt R+ £E L, VEI
S, BEKOFEREBAEDLS S0, Bk %4
RIEPECTHEADFEE L CW A & ZNETEHIDITH
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Fig. 3. Log cumulative frequency and the Volcanic Ex-

plosivity Index plot for total eruptions in the world in
terms of different preservation ratios. When all data
are plotted, the slope of the regression line is gentle,
while it becomes similar for data sets of more than 50
% preservation for each VEI This suggests that the
frequency normalization considering the data pre-
servation effect is essential to discuss the regularity of
eruption frequency and scale.

TeWE KA & T, TARE 472 1) OO 2 L L 72,
B ZEE LT, FFEREIZOWTHERR O T &
% Table 2 \Z7RT. ZOF, BUBLOD K & VMR I
AR RDIEE2EELTWA, 7272L, VEIT7 DM
KIZFLERIIIR DR LT VWD EE L, FREhOk
SHITZ B B KT — & OIREHFEREZ TIRIEE LT, #
OREEFIE L7z BHlzIE 4~ A2 7Tl VEITO
MEKAY 13 4L (Lavigne er al., 2013) & 19 212 & T
W5, F, AIVSTUVOEKT— I N—A KRS A
Y FA YT Ot OFRULALITTHEIFY 1200 FTH B DT
#3200 ERC 2 AR E 572 D& LTFOMHEX I
L7

4. RIEN, b, AligE S & DR
Fig. 4 IZIZHAR, 4 ¥ AT T, 7 OFAEHE L VEI
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Fig. 4. Log cumulative frequency and the Volcanic Ex-
plosivity Index plot for Japan, Indonesia and Chile.
The world data also are shown for the reference.
Considering different lengths of volcanic belts in
those countries, Indonesia is most active and Chile is
least. The total lengths of volcanic belts are about
3000 km, 2500 km and 4000 km for Indonesia, Japan
and Chile, respectively.

OB ERLZ. Wb GO R P Ao Rk
FTabb, REFEHIDROLNL. [ 2 AT T7THIIR
EHAR, FUOBIZTE Y bENDL. HEMSELUTHIL
X, WAOBEDZNITE L) KRERYTEFHEOZ LI
b, FNENOKIGI BT, KIHIHOHREY 7
D OBCKIEEAE CCTh S E T UL, KILROHREATK
EVTE CKILRDTEAE U ThIUTEVIZ E) BN
Bz ah, WANKEh2LHEZLNE. AV F
2T OKIROE S 1L, AV YVNEFHDAT Y =
MbHEATEYR3000km DEX IR L, F72, HARIE
#52500km, 71 1E 4000km L 2% B, FD72H, H
KA 2 FRT7 3B KIIDE S 25Eb W0
T, BRGS0 THA v PR Y 7 THEAEHDS W
(BNEFEDTEY) S EERBRLTWAESLS . —T, F
) & HRE AR GE1E, HOBET, HAROBNERE
DFHENE LD,
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Table 2. Example of data processing for Izu-Oshima Volcano

VEI 1 VEI 2 VEI 3 VEI 4
Age of eruption start 1974 1990 1986 1421
1971 1987 1821 (?) 1183 (?)
1970 1950 1777 0886 (?)
1970 1928 1684 0854 (?)
1969 1915 1552 0680 (?)
1968 1914 1338 0340 + 200
1968 1876 1307 (?)
1967 1870 0838 (?)
1965 1846 0822 (?)
1962 1837 0713 (?)
1959 1822 0700 (?)
Data from Smithosonian 1959 1803 0654 (?)
database. 1958 1792 0625 (?)
1957 1789 0600 (?)
1956 1783 0580 (?)
1956 1471 (2) 0250 &+ 100
1953 1416 0150 = 50
1940 0900 BC 0150 BC (?)
1939 0600 BC+ 500
1939
1938
1922
1912
1910
1245
N of events concerned 24 17 7 6
The oldest age concerned 1910 1416 1307 340
Frequency for 1000 years 229 28.4 9.9 3.6
& HRE ORI D7z > THAGEEAZ VKT, ME K DFBLRIBEE 534 Tk 72 X 912, MU Hig=e
%L OYity, BHELBEIIREFEUNE L N2 2 8T *ﬂﬁf&'mmlh$?i7h7~7E#9&<

&5, BIZIE, Fig SIZIIPFURE, 1Y FATTOXR
FY¥, 74 )Ero~xI KL, 45 TORAE LK
OB R L7z, RAEF KILOWEK OB FIHEE 5545
13 Neri et al. (2008) 23BEIZ A LT 5. Fig. 51IRL

SRR SN IR, SR AV S < AEEATE <
%4, ZHFELINIOWTIE, Table 2 I2R$ &9 7,
HED/NSWIEKIZOWTT — 5 '"mAVD R FAELRDOE
BHRTETCNLRWVZOTHY), LD/ VHBOE NS
F=FPoRFELTVE O THhEEELZLND, —
Ji, AT, RAUF, PFEREKNIBWTE, BYE
FROABLSE L BITB Y, Fig 4 IR S5 KILERD [A]
JEOARLE BIFIFF L TH Y, 77— 5 1T512Hi> T
BIUTA 7 — Ve filsilc X 28\ h3 7% <, UL 7248
OFHRERESL I ICHZ S,

Fig. 6 (21&, 71V 7 7 Hudsl O WK O B IR L 554 %
R, PTSE-FEAHEHIE, BN, =2 - —F V8
D F 7RI T, KL RAE 4 DXL & FER OB D
MG S A DR S b, 22T, FgE-fm
IO BFREOABIIH L REIZE L, BIUNbIE S
TAROMYFHIT L DR, E R D, A OKINIBIT S

LV NELBBEDOBEK DT — 7 HRAN L T B ] DS
EZHNA.

5 & Bl

5-1 MEROMIEREE 2 O EFIRAE

F 724 < O XILIR KL I TR 0 BB B 53 Afi &
TARD WEED D 275, AREN KGR, KL, kil
DVFTNIZBNWTEREFEADGH L LRDO LN
AL E BRGS0 L F — O R R R ik FBECTH
LEEZLNDLDT, ENETNDAT — )b TEMIEDHBL
AR Z o TnbH 2 LR RLTWAR L H 72 ZZTR
7o EFENL, HFE D Gutenberg-Richter Hll & FHMLL Tk
D, WEOHEL <7 =F 22— FORRTIX, BYFED
ZEE (b)) (S HI R IC X o TR R Y, HikoE
AR EOREBEZRL TV EEZLNTWD (Bl
1X, Mogi, 1962 ; Scholtz, 1968). kuwui’ﬁwf%

7 b= 7 BRI O R WZARAE L, iﬁﬂif&
%%%ﬁm%??T%ﬁﬁéhvé LaL, WiELY
132 2 AZFEEBUE DD T R IC BT, HiED
bAED X512, M & BB OABLOE % i | 5T
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Fig. 5. Log cumulative frequency and the Volcanic Ex-

plosivity Index plot for representative volcanoes.
Mount Fuji is shown just as a reference, in which the
frequencies were not normalized in terms of data
preservation, so that the slope of the correlation line is
gentler than other volcanoes, suggesting missing data
for smaller-scale eruptions.
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RYBEDRDH L. ZORVARLEHFIZERDDH 5 D0 b
LNV, F— ¥ BDS R4, KIlwE, FTgE-iT
FHigIs, BLY, A FUERPEREREDOKIIZBW
THHNLEFECTIHENONREY 52 T 5.

52 WEARZFEASARE ORFERR

2, 2000 SEH O HAKRDFT—% (Fig. 2) # Wb &, 9
H##1Z VEI2 5 4 OEKOFERDERREL b, &
TUZEEATE - b (2006) 23 HE9 %, HEIGE) & #E) L 72
KIEB OWEFACICH ST 2 L b s, $£72, VEIS
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Fig. 6. Log cumulative frequency and the Volcanic Ex-
plosivity Index plot for caldera regions. A reference
line with “Izu-Oshima” is the regression line in Fig. 5.
The slopes of the regression lines for the South
Kyushu and Taupo are gentler than that of East
Hokkaido, possibly suggesting missing data for
smaller-scale eruptions in the South Kyushu and
Taupo regions.
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Fig. 71%, HA, 41 Y FAT 7, BLXUF) OBEKDOHE
B KEROBBEZRLTWS, Z22TiE, HATI18
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plotted against the eruption times for Japan, Indo-

Volcanic Explosivity Indices (VEI's) of eruptions

nesia and Chile. Japan has been quiet since the middle
18th Century for VEI 5 and since the middle 20th
Century for VEI 4.
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