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In studies of volcanic tephra, it is usual that the overall volume of tephra is estimated ashfall volumes based on
representative locations within the ashfall area. The precision of the volume estimation largely depends on the number
of the locations. However, in the case of ongoing eruptions on island volcanoes, such as Sakurajima volcano, the

observation locations are usually limited. We therefore have developed a practical method for estimating ashfall

volume and distribution in such case. The method approximates the distribution of ashfall as ellipses, with the
distribution area (4) and thickness or weight of deposit (7) determined by 4 =aT "' The ellipse-approximated
isopachs can be determined by using the direction of the ellipse axis and ashfall data at two points. In determing the
ellipse axis exactly, we usually need additional ashfall amounts from the other locations. We set 37 samplers around
Sakurajima volcano, and retrieved the samplers 15 times, from April to December, 2008. Using the propose method,

we are able to determine the volume of ash produced by small, continuous eruptions.
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1. Introduction

The difficulty of ashfall volume estimation for small
islands or short intermittent eruptions in Japan is a major
issue, when forecasting the progress of volcanic eruptions.
Hence, we propose a tool for estimating ashfall volume
using limited ashfall observation locations as inputs. Such
tool is useful in the case of ongoing eruptions when ob-
servation locations are usually limited.

Many authors have proposed methods to calculate the
distribution or volume of pyroclastic falls. The most ad-
vanced method is to produce an isopach map (lines of
equal thickness) of tephra deposits, based on many points
determined by geological surveys. Other approaches to
volumetric calculations include simulation models based
on the dynamics of the eruption column and existing
models or codes (Ishimine, 2007). An isopach is a contour
line that shows the same thickness of tephra for a given
area. Whole ashfall volume can be estimated using
isopach map by applying integral calculus. Many studies
have shown that tephra thickness decreases exponentially
with distance from the vent. Thorarinsson (1954) showed

important results related to the exponential decrease in
tephra thickness with increasing distance from the source.
Porter (1973) considered that the correlation of thickness
and distance followed a power relationship for Hawaiian
tephra. Suzuki (1981) presented a logarithm approxima-
tion method that explained these correlations.

If the area and tephra thickness are correlated, then the
volume of tephra can be deduced. Rose et al. (1973)
estimated ashfall volume by integrating the plot of log (7)
against log(4) with distribution area (4) and thickness or
weight of deposit (7). Recently, ashfall deposits were
shown to follow exponential decreases of log(7) against
log (/4) for plinian tephra (Pyle, 1989). Fierstein and
Nathenson (1992) used two proximal and distal ex-
ponential rates (« ) of the plot of log(7) against log (,/4),
which changed at the break in slope, in order to calculate
the volume. Bonadonna and Houghton (2005) used a
power method to estimate the volume of Plinian tephra
deposits. When using the exponential method or the
power formula, many isopachs are required to estimate the
ashfall volume over large areas accurately.
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N130° N135°

Fig. 1. Location of the Sakurajima volcano. Triangles de-
note active volcanoes.

Aramaki and Hayakawa (1982) developed a simple for-
mula for the plot of log (T) against log(4), with a scaling
exponent (power) fixed at —1. Hayakawa (1985) estimated
the ejecta volume as V=122 TX A4 (V: volume of tephra,
A: area, T: thickness of tephra) with a constant of 12.2.
This value of 12.2 was in agreement with results obtained
from the crystal concentration method (Walker, 1980; 1981),
in which the ejecta volume was estimated by the amount of
plinian tephra observed on the ground. However, Pyle
(1999) showed that the value of 12.2 was variable rather
than constant.

We consider the geometrical concept of ashfall dis-
tribution, which does not require the collection or esti-
mation of ashfall distribution or volume over large areas.
For example, small island volcanoes require a volume
estimate only for the limited area around the volcano.
Recently, some authors considered that ashfall distribution
would approximate the elliptical forms (Froggatt, 1982;
Pyle, 1989; Sulpizio, 2005). Sulpizio (2005) calculated
the approximate volume of tephra using elliptical distri-
butions. In this study, we have developed an ellipse-
approximated isopach (EAI) method based on a simple
equation. We have applied this method to the volume

Fig. 2. Observation locations in Sakurajima. Solid circles denote locations of ash samplers for this study. Open circles
denote monthly observation points and camera marks used by the Osumi Office of River and National Highway.
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estimation of ashfall for ongoing eruptions of Skurajima
volcano (Figs. 1 and 2), which have produced frequent ther-
mal columns from vulcanian or ash eruptions. The deposi-
tional ashfall (tephra) volume and the ejecta ashfall
(tephra) volume of an eruption are different meaning
(Koyaguchi, 1996). In this study, we use the word
“ashfall” to mean “depositional ashfall”.

2. Ellipse-approximated isopach (EAI) method

2-1 Area-versus-thickness relationship

We use the relationship of the simple power function
between log(7) and log(4) (see Eq. 1), where 4 is the area
of one isopach, T is the thickness for that isopach, a is a
coefficient and d is the exponent concerning 7' and 4
shown in equation (1). In this study, area (4) is given in
square meters and thickness (7) in millimeters or grams
per square meter.

A=aT" 1)

It is uncertain whether the concept (¢ = —1) proposed
by Aramaki and Hayakawa (1982) is appropriate for small
phreatic, vulcanian or ashfall eruptions. We therefore
review the relationship between ashfall thickness and area
from recent vulcanian and phreatic eruptions in Japan. We
use the described isopach maps to plot depositional area
(m?) versus thickness (m). In this case, we convert g/m” to
m, using a depositional density of 1.5 g/em® for the data
produced by Yoshimoto et al. (2005) and Takarada et al.
(2001).

At Shinmoedake volcano in the Kirishima volcanoes,
southern Japan, phreatic eruptions started at 14:50 JST on
February 17™, 1959, and continued for several days. An
isopach map was drawn from 50 to 0 cm (Fig. 3; Fukuoka
Meteorological Observatory, Kagoshima Local Meteoro-
logical Observatory and Miyazaki Local Meteorological
Observatory, 1959). At Ontake volcano, central Japan,
phreatic eruptions started from approximately 05:20 JST
October 28", 1979, until the following morning. The
isopach map was based on observations around the
volcano from October 30™ to November 2"d, 1979 (Fig. 3;
Yamada and Kobayashi, 1988). At Usu volcano, northern
Japan, a phreatic eruption began on March 31%, 2000, from
13:07 JST until around 16:00. The small eruptions
continued until September 2001 (Yamasato et al., 2002).
Isopach maps were obtained for March 31, April 1** and
2" and April 4™, 2000 (Fig. 3; Takarada et al., 2001). At
Asama volcano, central Japan, an ash eruption started at
20:20 JST on September 1%, 2004 and some small
eruptions continued until December 9, 2004 (Nakada ez
al., 2005). Isopach maps were obtained for eruptions
occurring on September 13 20 : 02 JST, September 15™ to
18"™ September 23" 19:44 JST, September 25™ 18:36
JST, September 29" 12: 17 JST, October 10™ 23 : 10 JST,
and November 14" 20:59 JST (Fig. 3; Yoshimoto et al.,
2005). At Shinmoedake volcano, phreatic eruptions started
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Fig. 3. Relationship between area (m?) and thickness (m)
of isopachs in several examples. Dashed lines denote
vulcanian or small magmatic eruptions. Solid lines
denote phreatic eruptions. Sm: Shinmoedake volcano
in Kirishima, Ot: Ontake volcano, Us: Usu volcano,
As: Asama volcano. Explanations of those isopachs are
shown in section 2-1.

on August 22"d, 2008 and tremors continued for six hours,
from 16:34 JST (the Japan Meteorological Agency web-
site). An isopach map was presented for this eruption
(Fig. 3; Geshi et al., 2010). These results show that the
area-versus-thickness relationship is A=aT ', and that
the phreatic and magmatic ashfall eruptions show a rate of
same decrease (d=—1) in Fig. 3. In addition, the 1959-
Shinmoedake, 1979-Ontake and 2008-Shinmoedake erup-
tions were comprised of multiple eruptions or a continuous
eruption; those cases also showed a rate of decrease (d
=—1). Therefore, we adopt a simple formula with the
scaling exponent (power) fixed at approximately — 1, as
described by Aramaki and Hayakawa (1982). Regarding
shapes of isopach, we assume that the tephra distribution
approximates an ellipse that has the same aspect ratio (half
radius of orthogonal axis/half radius of calculation axis) in
concurrent eruptions (Fig. 4) with the correlation of A and
T, following Eq. 1.

2-2  Formulation of EAI and the volume

The followings are three calculation ways of the ellipse-
approximated isopach (EAI).

1) If the elliptical isopachs exhibit a fixed aspect ratio,
we can calculate the ellipse-approximated isopach using
one data point of the thickness or weight of the deposit and
the determined calculation axis (one data point calcula-
tion).

2) If we do not know the aspect ratio of the elliptical
isopach, we can calculate the ellipse-approximated isopach
using two data points of the thickness or weight, and the
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Schematic representation of isopach drawn by ellipse approximation. The figure shows the EAI method for two data

points. The x-axis represents the fixed dispersion (calculation) axis.

determined calculation axis (two data points calculation).
3) If the ellipse isopach does not exhibit an aspect ratio
or an ellipse axis, we can calculate the ellipse-
approximated isopach using three or more data points of
the thickness or weight (multiple data points calculation).
Solution using one data point:
The elliptical isopach exhibits a fixed aspect ratio,
defined as

Phald @
where a is the calculation (ashfall distribution) axis of

the ellipse; b, the orthogonal axis; and ¢, the aspect ratio.
A point (x, y) on the ellipse is given by

c—a)’ | O

2 Tl 3)

The ellipse axes are determined from Egs. 2 and 3 are

cx*+y°
=== 2 p=,4X
a CYeE b=aXc “4)

Solution using two data points:
If ellipses 1 and 2 have the similar ellipse shapes (Fig.
4), then

b b,
2= ®)

a a

From Eq. 1, AT = a,and A= 7 a1b) and Ao,= 71 a>
b>. The relationship between ellipses 1 and 2 is

Tia\b,=T>a:b, (6)
From Egs. 5 and 6,

a T,

A (7

Py is source of ash distribution. If P, on ellipse 2 moves
to a point on ellipse 1 using similar triangles shown by
dash lines in Fig. 4, then

/T /T
P1:(X1,yl), P2,:< TTXZ, ﬁyz), Pu:(O, 0) (8)

Py and P,” on ellipse 1 are given by:

(X1_a1)2 %
+—=
a e ©
T : Y
( *T)Q_al ( TT 2) . 0
at bt B (10)

The ellipse axes are determined from Egs. 9 and 10 as
follows:

o= X=X b= [ aiyt (1)
) T ) ’ 2a1x, 7)6%
2 Xiy2=— ?Zmyl

Solution using three data points:

If we consider three or more data points, any of the three
approaches may be used to derive the solution. The three
formulae are determined about the calculation axis (a),
orthogonal axis (b), and calculation axis at a specified
angle (0). Here we show only the basic formulae.

We consider ellipses 1, 2, and 3, which have similar
shapes:




Ellipse-approximated Isopach Maps for Estimating Ashfall Volume at Sakurajima Volcano 295

Fig. 5.
small eruption at 12:56 JST on April 28", The values
in the map are ash weights per square meter (g/m?).
The photograph was taken near NJ6 in Fig. 1.

The ashfall distribution and a photograph of the

bi_b:_bs

a N a N as (12)
Similarly to Eq. 6,

Tha b= Taa:b,=Tsasbs. (13)

The three points move according to a rotation matrix, for
example:

Xy xicos 0—ysin 0\ [x" x2c08 @ —y,sin 0

Y4 xisin @ +yicos 0/ \y"

x2sin @+yscos 6

(14

Eq. 14 is substituted into Eq. 11 and the two equations
are solved numerically. Under natural conditions, it is
impossible that three data points fit on an ellipse of one
aspect at the same time.

The ashfall volume is calculated using the EAI as
follows, using the distribution 4 = @ T°'. The volume
integral is:
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Fig. 6. The aspect ratio and volume of ashfall vs. calcu-
lation axis azimuth of the EAIs by the trial calculations
of the two data points calculation. See the section 2-3
in the text for details of the calculation procedure.

y=[4dr=(~alog (4)) ~(alog (4.) (15)

where m is the 10 m? area used by Takarada et al.
(2001) and 7 is the area enclosed by the 0.1 g/m* isopach.
The minimum observed thickness corresponded to a
weight of 0.4 to 0.2 g/m?* for the 12:56 JST eruption on
April 28" at Sakurajima volcano (Fig. 5). Our field
observations determined the lower threshold of detectable
ashfall to be 0.1 g/m*.

In this study, we discuss how to calculate for EAI (eq.
11) and estimate for the volume of tephra (eq. 15) using the
two data points calculation.

2-3 Relationship between ellipse axis and volume

of EAI

In this section, we demonstrate how to use the EAI
method namely how to choose two data locations and set
an ellipse axis. In the two data points calculation, it is very
important to determine the calculation axis of the ellipse
accurately. A trial calculation uses two data points for
tentative ashfall amounts. The tentative amounts are set at
sampling locations HR1 (100 g/m?) and AR4 (50 g/m?) at
Sakurajima volcano (Fig. 7). Those are a value commonly
observed at Sakurajima. The calculation results include
ashfall volume and the aspect ratio of the ellipse, which is
rotated from the calculation axis of the ellipse to one
degree clockwise from due east (Fig. 6).

The axis of the ellipse is regarded as non-existent on the
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opposite side of the observation points (171 <@ < 4).
Firstly, the calculation axis of the ellipse is calculated to be
four degrees clockwise from east. In this case, the aspect
ratio is greater than one, meaning that the calculation axis
is the short axis and the orthogonal axis is the long axis.
The EAI distribution is a long orthogonal axis, which is an
unusual result under natural conditions. The results are the
same from 4° until 24° clockwise from due east (Fig. 7a).
A solution can not be got past 25° (24 < § <87), because
the position of a low amount (50 g/m?) interchanges a high
amount (100 g/mz) position for calculation axis in this

N w I >1.0
4

= 3’1’5" <.

50,

Fig. 7. The schematic representation of the results of the
trial calculations by the EAI method. We used the
virtual ashfall amount measured at two points (100
g/m? and 50 g/m?). The calculation axis is rotated
clockwise from east to north. The shaded area shows
where we cannot use ellipse approximation to obtain
a solution. A solution is obtained for the white area by
ellipse approximation. In this case, we obtained the
true circle solution at the dot-dashed line labeled “b/a
=1.0".

area.

We must be careful in the case when the calculation axis
is close to the observation point, which is a common case
for the EAI calculation. The slight difference in the angle
of the calculation axis leads to a larger change in the aspect
ratio and the ashfall volume (Fig. 6). If the interval of the
angle is very small, the infinite volume is taken between
87° and 88°, which results in an extremely elongated ellipse
(Fig. 7b). It is considered that the narrow lateral distribu-
tion of ashfall is due to a very strong wind over a long
period. The minimum ashfall volume occurred along 90°
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(Figs. 6 and 7c) in this case. Next, the results are shown
for an EAI example in which the ellipse calculation axis is
located far from the observation points. The aspect ratio
and the ashfall volume are much larger when the cal-
culation axis is further from the observation points (Fig.
7d; 90<# <151). The calculation axis is over 150° clock-
wise from due east, and the aspect ratio is reversed bet-
ween the long orthogonal and short calculation axes of the
ellipse (Fig. 7e; 151<0 <171), similar to Fig. 7a.

As described above, volume values from this calculation
using ashfall information from only two points are variable
depending on the axis. We will show how to determine
the numerical value of the direction of calculation axis for
the two data points calculation in Section 3, using the
actual case of some eruptions at Sakurajima.

Ashfall sometimes distributes in concentric circles, as in
the case of the 1991 Mt. Pinatubo eruption (Paladio-
Melosantos et al., 1996; Koyaguchi, 1996). In such cases,
ashfall distributions cannot be constructed using the EAI
calculation. Additionally, the EAI cannot provide results
in cases where the distribution meanders.

2-4 Determination for ashfall amount at a particu-

lar point on EAI

The EAI method can calculate the weight or thickness at
a particular point, from the established ellipse distribution.
We calculate the half-radii of the short and long axes using
Eq. 16, to determine the aspect ratio at any point of the
ellipse. The calculation axis (a) is determined using Eq. 4,
by substituting the known aspect ratio (c) at a particular
point, where the thickness (7) is required. Additionally,
the orthogonal axis (b) is determined using Eq. 4, and « is
known. Therefore, Eq. 1 is substituted into Eq. 16, allow-
ing us to find the weight or thickness (7) at a particular
point as follows:

T=aX(xXaxb)" (16)

2-5 Volume estimation by EAI for actual eruptions

The ashfall volumes of 2000 at Usu volcano (Takarada
et al., 2001; 2002) and those of 2004 at Asama volcano
(Yoshimoto et al., 2005) were calculated when the dis-
tribution axis was already known. Takarada et al. (2001)
and Yoshimoto et al. (2005) estimated the segment iso-
pachs volume using a log(T)-log(A) plot based on many
observation locations. We estimated the volume using the
data points by Takarada et a/. (2001) and Yoshimoto ef al.
(2005). At first, we determined the direction of the major
ellipse axis by straight isopach distributions near the vent,
shown in the original studies. Next, we chose two data
observation points for the calculation axis. The calculated
volumes vary depending on the selection of two points.
We compared the volumes obtained by actual observations
(Takarada et al., 2001 and Yoshimoto ef al., 2005) with the
calculated EAI method results, which were nearest to those
of actual observations (Fig. 8). The calculated values of
EAI method are comparable to the actual observed values
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Fig. 8. Relation between the total volume of ashfall de-

posits and the volume calculated by the EAI method in
the cases of the Usu 2000 eruptions and Asama 2004
eruptions (Table 1). The total volume of ashfall deposits
are from Takarada et a/.(2001) and Yoshimoto et al.
(2005). Triangles denote the Asama eruptions in 2004,
and circles denote the Usu eruptions in 2000.

(Table 1).

3. Application of EAI method to Sakurajima eruptions

In this section, we explain how to determine the ashfall
volumes for the case at Sakurajima volcano.

3-1 Activity of Sakurajima volcano

Sakurajima is one of the most active volcanoes in Japan.
Since 1955, small eruptions frequently have occurred at
Minamidake crater (Kamo, 1974; Ishihara and Kobayashi,
1988; Ishihara, 1995). The pyroclasts, ballistics, and ash-
falls have caused damage to houses and roads around the
volcano. On June 4‘h, 2006, a vent in Sakurajima volcano,
named Showa crater, opened on the east flank of Minami-
dake (Yokoo and Ishihara, 2007; Iguchi et al., 2008). The
crater then produced small eruptions in June 2006, and
from May to June 2007.

Small pyroclastic density currents occurred at 10:18
and 15:54 JST on February 3", and 11:25 JST on
February 6" 2008 (JMA website). The surface activity
was quiet until early April 2008. At 00:29 JST on April
8" an eruption produced density currents and an eruption
column more than 1km above the vent. A small ashfall
eruption with lithic fragments began on April 8" and
small eruptions continued, with short breaks, until mid-
June. Small, short eruptions occurred after late June, and
activity ceased in September. In most cases, the eruptions
produced low columns, 500-3000 m in height. Showa and
Minamidake craters have produced ashfalls even now.

3-2 Measurement of ashfall around the volcano

We applied our proposed method on the ashfall around
Sakurajima volcano. Ash samplers, which consisted of
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Table 1. The results of volume calclations by the EAI method using the data points of
the Usu 2000 and Asama 2004 eruptions.
Volcano | Eruption day | Volume of [Calculation Axis Calculation Volume of | Precentage
ashfall case direction points ashfall by [from original
from east 1 2 EAI volume
® O | emd @md | ® ®)
2001/03/31 124,000 |casel 335.45 1154 1179 193,763 156
* *[case2 1179 107 237,188 191
2001/04/04 49,000 |casel 262.40 259 136 44,052 90
Usu * *|case2 259 35 44,035 90
cased 259 10 34,194 70
case4 136 137 45816 94
caseb 35 137 38,363 78
2004/09/01 49,000 |casel 326.55 521 316 62,135 127
wk **case2 521 82 62,626 128
cased 521 137 67,476 138
case4 432 82 45,584 93
2004/09/23 8,500 |casel 289.95 268 59 16,291 192
il **[case2 268 29 16,307 192
2004/09/25 300 |casel 304.45 3.9 24 312 104
Asama Hok **|case2 3.9 1.3 441 147
2004/09/29 13,000 |casel 264.10 403 221 17,311 133
*k **[case2 403 31 11,977 92
2004/10/10 2,800 |casel 304.06 99 23 3,021 108
ok *k|case2 99 1 3,152 113
2004/11/14 25,000 |casel 352.80 891 454 18,910 76
ok **case2 891 337 21,322 85
case3d 891 204 18,559 74
caseb 891 137 18,071 72

clear plastic cups of 7 to 8§ cm diameter, were placed at
three locations between February and April 2008. We
tested the measurement error for this cup method at the
southern and east part of the volcano set 13 samplers, and
found that the observation errors were less than 4 %. After
the increase in activity from April 2008, we placed
additional ash samplers at 37 locations around the volcano
on April 24™ and 25™ (Fig. 2). Ashfall deposits from the
samplers were collected at different time intervals ranging
from days to several weeks. The dates of retrieval were
April 27" and 28", May 1%, 7%, 9™ 18" and 29", June 5"
and 14™, July 4™ and 12", August 1% and 30"™, September
23" and October 18", The ashfall characteristics were
noted at the sampler locations in the field, after which the
samplers were carefully covered with clear plastic cling-
wrap and transferred to the laboratory. We soaked clumps
of ash in distilled water to separate out smaller flakes. The
deposit samples were dried and measured in terms of
grams per square meter to determine the isopach. We
converted g/m? to mm by applying the depositional density
of the fresh ashfall deposit after the April 37" eruptions
at sampling point AR1. We placed the ashfall deposits
into a mould in order to undisturb the samples, which were

* Takarada et al. (2001), ** Yoshimoto ez al. (2005)

Table 2. Density of ashfall deposited by eruptions bet-
ween Feb. 3™ and 7", 2008.

Density of ashfall
Sample No. deposits under dry
condition (g/cm®)
AD-1 1.39
AD-2 1.63
AD-3 1.48
Average 1.50

then used to measure the depositional density under dry
conditions. The resulting average depositional density is
1.5 g/em® (Table 2), showing that an ashfall depth of 1 mm
is equivalent to 1500 g/m?.

3-3 The determination processes of ashfall axis

During observation periods, we determined the approx-
imate directions of ashfall dispersion as follows (Table 3).
Occasionally, observers remained at the volcano and noted
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the direction of the column. When we could not identify
the distribution axis, we used web-cameras and other
information. Our first source of eruption information was
the website of the Japan Meteorological Agency" (JMA),
which immediately releases eruption information, catego-
rized by eruption time, column height, column direction,
intensity, and other parameters. Next, we used images
from web-cameras set up at the Osumi Office for River
and National Highway of the Ministry of Land, Infra-
structure, Transport and Tourism (MLIT)?, and in the city
of Tarumizu®. Kagoshima University (KU) also pro-
vided archives of their web-camera images®”, which
yielded valuable information for determining the column
direction (axis).

The determined ashfall directions described above usu-
ally have some uncertainties. Followings are the general
procedure to determine the calculation axis exactly. If an
eruption occurred once during an observation period, we
chose generally the maximum observed amount (weight or
thickness) at first near the expected distribution axis and
next the second or third-largest value for the two data
points of the EAI calculation. Next, we rotate an EAI
calculation axis by step intervals of 1 to 2 degrees around
the expected direction (we call this procedure as the step
seeking hereafter) and calculate EAI distribution repeat-
edly every degrees. We can calculate the ashfall amounts
of nearby locations, where the actual amounts of ashfall
are measured using the EAI method and Eq. 16. Finally,
we determined the EAI calculation axis so that the dif-
ferences between the calculated and measured ashfall
amounts become minimum value. The determination
process is more easily when the exact direction is deter-
mined by the observation.

3-4 An example of general determination of EAI;

June 28™, 2008 eruption

We explain how to determine the ashfall volumes for
one eruption recorded at 06:36 JST on June 28" along
with small eruptions on the afternoons of June 28" and
29" (JMA website). The ashfall of the small eruptions
would be negligible in amount. We retrieved the samplers
on July 5" Ashfall was mainly found in the northern
areas of the volcano. Ash weights of up to 263, 203 and
155 g/m* were recorded at sampling locations AM, FK1
and MU, respectively (Fig. 9). This ashfall originated
from Showa crater after an eruption at 06 :36 JST on June
28" Based on the amount of ashfall, the distribution axis
would pass through somewhere between locations AM and
FK1. The angle of the EAI calculation axis was deter-
mined by the step seeking so that the calculation agreed
with the weight recorded at other locations (KM2, KM1,

D hitp : //www.seisvol kishou.go.jp/tokyo/volcano.html
2 http : //www.qsr.mlit.go.jp/osumi/camera_sabo.htm

%) http : //cameral9.city.tarumizu.kagoshima.jp/

4 http : //volceye.edu.kagoshima-u.ac.jp/sakurajima.html

KT1 and KT2) and limit of ashfall distribution (Table 3,
calculation No. C58). The calculation axis was 275°
clockwise from due east, and an EAI was drawn based on
the data of locations AM and FK1 (Fig. 9). The location
names and ashfall amounts of basic two data points and the
appropriate ones are listed in Table 3. The estimated
numerical values of the degree of axis are also listed.

3-5 An example in the case of the multiple erup-

tions; May 2™ to 7", 2008 eruptions

When the interval of eruptions is shorter than that of
retrieval of samples, it is very difficult to estimate the
amount of each ashfall. We explain how to determine the
ashfall volumes in the case of May 2™ to 7" observation
period. During this period, four eruptions were recorded,
at 06:34-06:50, 15:29, and 16:05-16:30 JST on May
6™ and 06:38-06:54 JST on May 7™, Further smaller
eruptions with negligible ashfall amounts also occurred on
May 6" and May 7™ (JMA website). During this period,
the ashfall samples were retrieved once. Based on the
amounts of the ashfall samples, mainly four distribution
axes could be observed from the Showa crater towards
locations HM, KG, ST and HR1 (Fig. 10). The observed
ashfall informations suggested that these axes were
corresponded to those of 06:34-06:50, 15:29, and 16:
05-16:30 JST on May 6™; and 06 : 38-06 : 54 JST on May
7" cruptions, respectively (Fig. 10). The EAIs for these
four eruptions were drawn, based on two data points
calculation located near the corresponding axis with the
step seeking using appropriate data points. Some locations
used for the calculations were affected by ashfall of other
eruptions, so that the affected weight must be taken away
from the weights collected at locations (Table 3, cal-
culation No.C13 to No.C18). We could use the estimation
methods based on Eq. 16, as explained in 2-4.

3-6 The exceptional cases; April 1", May 8™ and

June 1%

When eruptions continue steadily for a long time and the
wind direction changes gradually, an obvious distribution
axis cannot be determind for such eruptions. In this case,
we estimate the ashfall volume by isopach area drawn by
hand. We examine the relationship of a=TA (a: co-
efficient; T: m, A: m?) from Eq. 1 to the volume of the
deposits. For example eruptions continued for over 2
hours, from 14: 13-16: 45 JST, on May 8" (JMA websitc)
and ash emission continued for some hours after 16:45
JST. The ashfall was mainly found in the northeast to
north areas, and in the lower amounts in the northwest to
west to south areas of the volcano. First, we determined
four isopachs from the northeast to north by EAI (Table 3,
calculation No.C19 to No.C22). In the western part, we
produced the 30 g/m? isopach by hand. The ashfall volume
of 11330 t on May 8" (Table 3) was estimated from the
relation shown in Fig. 11. However, the main application
for this relationship is limited only valid for volumes less
than 100,000 tons.
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Table 3.

Yasuhisa TAnma, Keiji TAMURA, Takao YAMAKOsHI, Akira TSUNE and Shinjiro TSURUMOTO

List of Sakurajima eruptions from Feb. to Nov., 2008 and the results of the EAI volume calculation.

List of Eruptions by JMA

Volume calculation by EAI (1)

Colamn Calcu | Approximate axis Point 1 for ellpse caloulation Point 2 for_ellpse caloulation
Y/M/D | Time | height [Directior] (“'(‘gs)s Vent | lation direction loc. | obs. subtracted value (s.v.) cale. | loc. | obs. subtracted value (s.v.) cale
(m No. (@/m®) (@/m?) @/md (&/m?) (@/m? (@/m?)
2008/2/3] 039 Showa
2008/2/3)  10:18| > 1500[S-SE 3 |Showa et b
2008/2/3  1554| > 1500| 4 [Showa s o-
2008/2/4  1700| Showa Co1 [ o near  |ART | 34197 34107 [0 | 8100 8100
2008/2/6] 1033  300) 1 |Showa P -
2008/2/6]  11:25 > 1000[SE 4 |showa
2008/2/70 _12:12| _ 900) |Showa
2008/4/8] 020  1200[SE 3 [Showa cop [Potermined by MA lagy | g56 2856 |aR2 | 4703 4703
information.
2008/4/111  1721|  2200[SE 4 [showa cog [Petermined by JMA [ypy | 934 1234 [~
information.
2008/4/11{  21:09|  2200[S 4 [Showa o4 [Petermined pass on lagy | 5602 7.0(C03) 2622 [AR1 6.7}1.8(C03) 50
2008/4/12]  11:15]  1400[SW 3 [Showa
2008/4/13]  559| > 1000[NE 3 |Showa
2008/4/13]  703| > 1000[NE 3 |Showa
2008/4/14] 231 uk uk  [Showa
2008/4/14] 1416  1000[SE 3 |Showa
2008/4/15] 1355  1000[SE 3 |Showa
2008/4/15]  1449|  1000[SE 3 |Showa
2008/4/211 _16:19) _ 1500/sw 3
B9 = 628 [ST 370~ 370
2008/4/270 1208  1400[SE 3 SG to AR4 . 290 Iz 293 l956(c8) to7
SG 04 [ST 04 |- 04
2008/4/28, SE SG to AR4 A " o IRt o2l os
3 Kz THKZ. = 764 NJ5 2061~ 206
AM A 264 [MU 1551~ 155
2008/4/30, AM l@ 0.6(C12) 13|y 1.70.3(C12) 14
20087571 1 ST T 5 15 |AR 321 32
CI3 HM = 752 [NJ5 26 |- 26
2008/5/6 sw 3 |Showa o |™ iz - e s el 75
2008/5/6 1520  1500|S 3 |Showa C15_|KG to SG KG - 2455 |SZ 726 |- 726
)
2000/5/6 1605 1400|S 3 |shova 016 oo az KK3 2.0(C15), 2.7(C17) 241 [KK1 125 [0.4(C15), 05(C17) 116
c11 ST 2363 |Az 2178 153(C15) 2124
2008/5/7._6:38] __ 2400|S 3 |Showa Cig_|HRi HR1 : ), 22.3(C16) 2484 |HR? 423136(Ci6) 387
C19 5% 60.1 - 60.1 [KK3 | 4263 |- 4263
€20 s 1o Ft KK1 | 1684 |185(C19), 12(C21) 1486 |KK4 | 1087 }2.4(C19), 02(C20), 6.7(C21) 993
) cat KK6 | 209.4 03(C19), 1.8(C22) 207.1 [KM3 | 20338 [10.5(C22) 1933
2008/5/8] 1413  2800[SEtoN| 4 |Showa o2 FK1 | 6092 - 5092 |AM 303 | 93
2008/5/0|__7:25| 300-700) 1
[ 2008/5/14 Showa €23 SY 374 13.2(C26), 04(C25) 338 |KK3
2008/5/15____451| __1000[S 3 [Showa C24_|HT HT | 470 - 4791 [HS
2008/5/15__2003] __1300|NE 3__[Showa C25_|KM3 to K6 KM2 | 1076 - 1076 [KM3
2008/5/17,__ 07| 2000|SE 4__[Showa C26_|ARd to AZ Az | 9958 - 9958 |ST
c21 MT3 | 2085 - 2085 [MT4 :
2008/5/17) 1813 1500/S 3 [Shove cog[MT8 and HRS HR3 | 902 17.5(C26), 0.3(C27) 824 |HR2 45.7120.7(C26)
c29 KT2 | 4239 [29(C24) 4210 [FY 283.7{49.3(C24)
2008/5/18) 318 1600N 3 cy [KT2toAM IMu_| 1941 0.7(C25). 0.2(C24). 43.0(C29) 1502 [am 1018 | 3.1(C26). 13.1(C29)
2008/5/18 3 C31_|KT1 to K12 KT1_| 8299 14(C37) 8286 [FY 1248 13.1(C37)
3 C32__|AM to MU AM_ | 3966 1.7(C36), 9.8(C31) 3851 [FK1 90.1 3.6(C36), 19(C31)
uk C33” |HR2 HR2 "|"360.1 11,5(Ca4), 15.3(C35) 3434 |HR3 47.3']0.4(C34), 3.7(C35)
4 C34_|AZto ST Az__| 12136 - 12136 |sG 621 1=
2008/5/20] 4 C35_|HRi to ARA 6515 122(C35) 6393 |AR4__| 6003 |58 8(C35)
[ 2008/5/21] 3 K5 1615 - 1615 [KK5 | 2236 |-
2008/5/22 3 C37_|HK2. 35321~ 36532 |HT 1582 |-
2008/5/23 uk Ca8_|KkM2 KM2 | 4503 113.5(C36). 0.3(C31). 11.0(C32) 4341 [kM3— 1178 1284(C36), 02(Ca1). 76(C32)
2008/5/30 3
2008/5/30| 3 ca9 |MT4 MT4 | 2017 - 2917 [NJ6 404 |- 404
2008/5/30; 3
2008/5/30] 3 c40 |HR3 HR3 | 537.8 184(C39) 5204 [HR2 | 1090 [1.6(C39) 1075
| 2008/5/30! 3
2008/5/31 3
2008/5/31 3 C41 |HRI to AR4 HR1 | 2360 4.9(C40) 2311 [AR4 | 1845 [1.8(C40) 1827
2008/5/31 3
2008/5/31 3 c42 [AZtoST ST | 1645 j05(C41) 1640 [AZ 138.1 {0.2(C40), 20(C41) 1360
2008/5/31 3 c43_|sG |§g 97.5 129(C42) 945 |KG 204 |04(C42) 201
2008/6/1 4 C44_ |HK2 to HT HK2 | 415.8 103(C39), 0.9(C44), 46(C45) 4101 JHT 419.812.7(C44), 29,6(C45) 3875
.2008/6/1 3 C45_|KT2 to KT1 |kT2 58.9 |- 589 [KT1 4231~ 423
2008/6/1 3 C46_|FY toHiS [FY 1 2027 {17.6(C45) 1852 |HS 105.2 14.5(C45) 1007
2008/6/1 3 C47_|NJ5 2(C39), 0.3(C44), 0.2(C45). 2.0(C46) 578 |- - -
2008/6/9 uk C48_|SG 010.4(C53) 1546 [ST 2571 25
2008/6/9 3 C49 " [HR1 to ARY HR1 | 39.1102(C48), 2.2(C56) 36.7 |AR4. 283 10.8(C48), 09(C58) 265
2008/6/9 uk C50__|KTi to KT2 KT2_ | 74.1120.3(C57) 538 |KTI 76.3 |11.2(C57) 65.1
2008/6/10 uk cs1 My MU | 2220 [26(C50), 19.2(C57) 200.1 |AM 1331 [1.1(C50), 6:2(C57) 1259
2008/6/10 uk
2008/6/10 uk cs2 |KkM1 KM1 | 1460 0.2(C50), 0.2(C51), 2.8(C54) 1428 [KM2 262 [0.2(C50), 02(C51), 4.4(C54) 215
2008/6/10 uk e e ' i e e :
2008/6/11 uk cs3_|Ks Ks 24 - 234 sy 1448 0.2(C54) 1446
2008/6/12 uk C54 |KK6 KKe | 6783 - 6783 [KKs | 1797 |- 1797
2008/6/12 - g -
2008/6/12 u C55_|HK1 HKT | 7860 - 2860 |NJ5 2 112
2008/6/12 C56__|HR3 HR3 | 1721 - 1721 [HR2 2571~ 257
2008/6/13) C57  [HT to HK2 HT | 8246 7.3(C55) 8174 [HK2 | 5794 |92.5(C55) 4869
2008/6/13 4 ° adll g i .
2008/6/28 uk C58  |AM to FK1 AM | 2629 - 2629 [FKi | 2027 |- 202.7
2008/7/5 3 |Minamidake | €59 |KK3 KK3 | 1928 - 1928 [sy 204 |- 204
2008/7/10 Showa C60_|MT4 to HM IMT4 653 653 |FiM 303 303
2008/7/14 3 [showa
2008/7/14 3 oo oot |HK2 HK2 | 1734 - 1734 [HT 804 |- 80.1
2008/7/25 3 [showa
2008/7/25 3 |Showa
2008/7/26 3 lshoe ce2 |KT2 KT2 | 485 18(Co1) 467 |KT1 333 [1.1(C61) 322
|_2008/7/27 3__|Showa
2008/7/28 4 [Showa
2008/7/28 + s C63 |AM to MU AM | 12775 jo4(Co2) 12772 MU 915.7 {0.3(C61), 14(C62) 9140
2008/8/10} 3 |Showa C84 |FY toHS FY | 1104 - 1104 [HT 488 - 488
uk__|Minamidake | C65 _|AM to MU AM 228 05(C64) 223 [MU 230 [12(C64) 218
2008/9/7 3 [Showa C66_|HT to HK? HT 210 210 |HS 17 17
T " C67 |HRI to HR2 HRT 39 39 [AR2 [ 06
2008/10/3] 3 [Minamidake | coo |y 1 is s |z o6 06

The day and time and eruption

center are from the JAM website. uk: unkown. Thick horizontal lines show

collection times for ash fall samples. Multiple EAI distributions for one eruption were by continuously eruption

with wind direction change or wind direction change depending on height. Locations (loc.) show in Fig. 2.
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Table 3. continued.

Volume calculation by EAI (2)
Seeking point 1 Seeking point 2 Seeking point 3 Seeking point 4 Determin| Aspect. a Volume Comments on the seeking points
loc.  obs.  seeking | loc.  obs.  seeking | loc.  obs.  seeking | loc.  obs.  seeking |-ed Axis| Ratio EAl Eruption and the volume estimation
@/m’) _ (/m’) (/m)  (@/m?) (/m?) (@/m?) m) (@m) | © (Ts) ® ®
7551
7551 [#In this period we observed two locations, so that
30203 [the axis degree was determined exhaustively.
% 50| 047 38781 90610 7551 [Total EAI volume is 90,610 t (Feb. 3™~7"). Main
eruptions occurred on Feb. 3™ and 6. The volume
30203 [was divided in the ratio Q3 or uk/Qd = 14
7551
[¥In this time we observed at two locations, so that
* 7] o34 o1z 9100} 9100 lyq axi degree was determined exhaustively.
o 1| - 12459 26990 #In this period we observed at three locations for
27950 [two distributions, so that the axis degree was
< 66| 008 562 960 determined exhaustively.
(5000)
(5000)|
(5000)
(5000) . ;
(5000y|/Average volume of medium (G3) classification.
(5000)
(5000)|
(5000)
KG ] 3 ] 3 23| 020| 1274 2320 3690
HR 3 7 IHR2 2 1 HR3 2 0! HG ) ) 715022 785 1370
KG x 0 45 020 11 10 2
02 0 IHRp [ 1l 027 06 10
HT 15 T8FY 5 31 M4 1 0 HG X 0 1 028 940 1670 1670,
FK1 7 12 [KMT 13 21 KT 2 3| KT2 i 2[ 2674 044 544 920 70
KK3 1 1KK1 2 [ 8| 028 40 50
'Az 5 7 i 11786 2 47KG 2 2 5 048 234 370 376
MT3 1 7 [MT4 [ [ 167.15]  0.12 512 970 1080
FY W 1 2016/ 035 68 20
Ks 42 17lsa V) 222 7] sY 5 4 315] o018 5169 10510~ 10510 |1) 56 was affected by mainly G15 and G17.
KK4 w 2 3495 020 360 590 | )05 |2 AR4 was affected by mainly C17 and C18.
4 2 102, 75isg " 222 102 53] 039 599.5 12,330
fags ) 102 29 1HR3 10 51 HG 1 4 97 o018 2379 4560 4560
Ks 1 3 3642 012| 27717 5,390 ) KK5 was affected by mainly G20 and GZ1.
KKs " 35 6 3396| 008| 4859 9,840 2) KM1 was affected by mainly C21 and C22.
KM12 81 34 IKK5 "V 35 35 3083 017| 4553 91801 0 60 [Eruption continued for over 2 hours, from 14:13-
KM12 81 35 283 013 6622 13,720 16:45 JST.
11350 [Ash emission some hours after 16:45 was
: calculated based on Fig. 11.
KK1 " 15 2 JKS W 9 2[ 021 558
HK2 45 4 2133|011 4093
KK6 358 308 {KM1 41 64 KK1 15 2 K1 D 55 9 308|017 | 8039 1) K1 was affected by mainly C23 and C25.
AR 638 610 {HR1 Y 155 154} SG 179 106 64| 033 20504 )50 [2) FK1 was affected by mainly G25 and C30.
HM 5 5 155 008 | 1437 3) HR1 was affected by mainly C26 and C28.
HG 15 29 1HR1 Y 155 2 124|025 670 160 4) KT1 was affected by mainly C29 and C30.
KT1 ¥ 302 341 2336 023| 9534 20270
KT1 9 392 4 JFK1 2 55 18 252) .36 | 3425 6760
Hs " 45 8 IKT2 624, 612 237016 12626] 27,380
MU 392 343 JkM12 69 11 261] .33 7438 15,540
HR3 S 47 1 111 017] 2088 3,960, 0 N
IsT 076 1121 IKG ) 19 sz i 5 55| 019 16955] 37510 1) HS was affected by mainly G31 and C37.

5 2) KM1 was affected by mainly C32 and C38.
oz < 8 1R 4 4 08 0161 7406 19480 3) HR3 was affected by mainly C33 and C35.
KK 22 23 323|030 4222 8460 | 8460
HS 45 24 2016 020 367.1 7,280
| 69 54 2092 003| 5655 11580
HR3 c 8 INJS c 2 151 015 4068 8130

15020 [Total eruption volume of G39 and C40 include on
n . ’ y
e . 5 MRt . 5 124 020| 489 0850 May 30™ from 14:20 to 1844 JST eruptions.
HR2 c 41Az c 2 88| o014 2711 5250
11810 |Total eruption volume of C41 to C43 include on
AR4 c 2|sG c 3 56 010 2192 4180 May 31% from 15:04 to 17:58 JST eruptions.
4 1 3 37| _013]| 1301 2380
HK 1 2 8 2059 010 4434 8920 8920 |
MU W 2 2335017 98.1 1750 1750
KT2 c 221 012 1873 3530 3530
NJ6 c 82 - 30 1270 1270
kG 24 28157 5 5 395017 2161 4110 4110
HR2 c 90| 027 145 740 740
FY 152 2 238029 | 1694 3160 3160
Total eruption volume of C51 includes on June
kM1 0 261 010 3053 5970 5970
° 10" at 10:23 and 12:36 JST eruptions.
KKe c 0 205 003 465 780 4200 | Total erustion volume of G52 and G53 include on
n ot
rﬂ(a 35 50 2 ots| 120 420 [June 10 and June 11" eruptions.
2218 |The eruption volume is divided in the ratio uk/Q4 =
kM2 4 37| o1t 5431 11090
° 8872 |1:4 on June 12,
[HM 1 1 008, 450, 9070
[MT4. 13 18 133 024| " 2505 4820 4820
FY 152 134 209| 023 9314 19770{ 19770
kM1 57 47 [KM2 42 45| KT1 4 13| KT2 6 8 275 040 5986 12310 | 12310
ks 2 1 KK 1 1 359 007 1220 2220 2220
NJ6 29 30 1HG 5 7 150 033 2075 3940 3040
- - o
s 1 10 200 o024 2208 4210 4210 [Eruption volume of C81 includes on July 14
eruptions.
.  pgth
s w 3 2sas|  o18 147 1280 1280 [Ervption Vokume of C62 includes on July 25 26
and 27" eruptions.
. . w
kM1 7 2 {KM2 w 2 kM3 w 1 2622| 012 18504|  41180| 41180 [Eruption volume of CG3 includes on July 28
eruption
HS 77 72 [KT2 16 19| KT 9 8| HK2 22 13 221| o021 1670 3110 3110
FK1 6 11 kM1 2 1 270 029 385 630 630
HS 2 3 [HK1 1 1 207018 218 340 340
HR3 W 0 [AR4 W 2 89 009 6.7 90 130
sG [ 1iKG ) 0 45| 021 30 40

The “obs.” values are observation weight. The subtracted values (s.v.) are calculated using Eq.16. The “calc.”
values are weight for two data points calculation (calc. =obs. —s.v.). The “seeking” values are calculated weight on
seeking point using Eq. 16. w, weak ashfall; x, no ashfall; c: other EAI calculation point.
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0.1-1(g/m?)

Fig. 9. Spatial distribution of the amounts of the ashfall
based on the EAI calculation for 06:36 JST on June
28™ at Sakurajima. The values are ash weights per
square meter (g/m>) and the values in parentheses are
calculated weights. P1 and P2 weights show in Table 3
(Calculation No. C58).

(a) Eruptions on May 6at 0634

TS N/ %3
/_F R [

. > 10000
I 1000-10000

Fig. 10.

(b) Eruption on May 6 at 1529/

In the cases of April 11" and June 1%, we calculated the

ashfalll using only one observation location. In these
cases, we estimated the ashfall volume by the one data
point calculation with the averaged aspect ratio of EAIL
The aspect ratio of 0.21 was taken from average value in
Table 3. The ashfall volumes were calculated to be 26990
t for April 11™ and 1270t for June 1* were estimated
(Table 3, calculation No.C03 and No.C47).

4. Discussion

4-1 Comparison ashfall volume between EAI esti-

mations and monthly MLIT observations

The Osumi Office of the MLIT, using 0.57 m-diameter
drum-type samplers, measured the weight of monthly ash-
fall in several observation locations (Fig. 2). To validate
our method, we compare the observed monthly weights
obtained by the Osumi Office with the accumulate weight
derived using the EAI distributions. We use Eq. 16 to
calculate the tephra thickness for eruptions at the six
observation locations of the Osumi Office shown in Table

Spatial distributions of the amounts of the ashfall based on the EAI calculation for May 2™ to 7" eruptions. In this

period, four eruptions were recorded: from 06 :34 to 06:50 JST on 6" (a: No.C13, C14), at 15:29 JST on 6" (b: No.
C15), 16:05 JST on 6™ (c: No.C16, C17), and 06 : 38 JST on 7™ (d: No.C18). The values are ash weights per square meter
(g/m?) and the value in parentheses are calculation weights. P1 and P2 weights and calculation No. show in Table 3.
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Fig. 11. The relationship between « and volume of ash

deposit. The values of « and volume are shown in

Table 3.

4. The data from the six observed locations show a
positive correlation with our calculations (Fig. 12, Table
4). The observed values tend to be higher than the
calculated ones for some data points, due to the intervals
between observation locations. We note that the slightly
higher observation values would be caused sometimes by
contamination of the secondary ash.

4-2 Temporal variation of ashfall volume esti-

mated by EAI method during 2008 activity

Using combined eruption informations and our obser-
vations at Sakurajima, we were able to determine the 68
directions of EAI dispersion and estimated 58 (66) erup-
tion volumes (Table 3).

1) Volume for JMA classifications

According to the JMA classification scheme, the scale
of the eruptions covers seven categories (Q1-Q7). These
categories are determined by the area size (m®) of the
eruption column by eye-watching observation. (Japan
Meteorological Agency, 1994). Based on our EAI data,
the average volume produced in the Q3 (medium) classi-
fication, which is most common at Sakurajima volcano, is
about 5000 t, whereas the average volume produced in the
Q4 (rather much) classification is about 20000 t in this
study. Thus it is resonable to consider that the volume is
divided according to the classification of JMA as Q3 : Q4
=1:4 (Table 3).

2) Temporal change of ashfall volume during 2008

activity

During 2008, the first volcanic activity occurred from
February 3™ to 7™ We estimated the ashfall volume of
each eruption between February and October 2008, using
the EAI method which the exhaustively axis determined by
geological observation or JMA information (Table 3). The
daily and cumulative volumes of ashfall are shown in Fig.
13. An eruption occurred from April 8" to April 21,
which continued until June 13™. During April 21 to June
3" period the eruption rate increased. Ashfall amounts

10,000

*No. 1
WNo. 8
ONo. 13
XNo. 14
=No. 16

1000 +No. 23 -

O,
100 .

Amount of ashfall calculated using the EAl method (g/m?)
1

10 100 1,000 10,000
Amount of ashfall from observation (g/m?)

Fig. 12. The relationship between monthly amount (from
May to August) of ashfall observed by the Osumi
Office of MLIT and the monthly amount calculated
using the EAI method. The Osumi Office observation
locations are shown in Fig. 2 (e.g. O-No.1). Plotted
ashfall amounts are over 10 g/m’.

Table 4. Ashfall volume of EAI estimations and monthly
Osumi Office observations.

May June July August

Location [ opserved Calculated| Observed Calculated | Observed Calculated| Observed C.

/m  Ge/m) | /md  (e/md) | /md)  (e/md) | Ge/mD)  (a/md)
0-No.1 648 584 | 187 93| 152 86 17 0
0-No8 952 914| 208 167 57 53 31 27
0-No.14 0 34| 189 68 94 16 48 1
0-No16| 224 367 148 68| 108 44 22 0
0-No23| 124 49 79 25 66 18 31 0

were not collected for the eight eruptions that took place
on the 12" to the 25" of April. Instead we used the
medium-classification average volume of 5000 t (Table 3)
because the eruptions during this period were classified as
“medium (Q3)” according to JMA. The peak volumes of
the eruptions were clustered from May 6™ to 23™, 2008
(Fig. 13). The rate of eruption decreased in the next period
from June 14" to July 28", The pace of activity sub-
sequently changed during August, with a single eruption
every two or three weeks from the Showa crater; after
October, there were a number of very small eruptions from
the Minamidake crater. Using this method, we are able to
reveal temporal change of the ashfall volumes, which is
very important information in predicting the progress of
the ongoing eruption.

5. Conclusion

The EAI provided a swift geometric method for asses-
sing ashfall eruptions. In many cases, the distributions
calculated using the EAI method correlated well with the
observed data for the Usu and Asama volcanoes, in which
small eruptions recently produced low columns. Under
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Fig. 13. Temporal changes of ashfall volumes determined by the EAI method. The column bars denote the daily ashfall

volumes determined by the EAI method, and the step line represents the cumulative volume.

these conditions, we could approximate the ashfall distri-
bution as a single exponential function. The EAI method
is useful for small, continuous eruptions and for small
island volcanoes where terrestrial ashfall is naturally
limited to the area of the island. When using the EAI
method, it is important to determine the correct EAI
calculation axis and to confirm the fit between several
observation points and the calculated distribution.
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BB I B BB & 2 KILIKHER & OHE e IZ oW T

IR - HFFER - B i - B 0] - R

WP E N2 KN TRBINC X 250 B o, KIWKOHREEZHEET A 2 Wl ChH 72, F
7o, KRS KmIZFES 2 &2 & o T3al, R, RIEW~EEL AL, & MR L -FHE Tl L aimssse
HELRTL %5, WRISKIKOBE TR (BIKE) 50 2 M3z 2 HEo M, Kilg:, Biks:
FOEELRWMERNRE %L, ZO7ZOED X ) I E NWEBLHIISGFTAR O 2 K ToR# 2D LD
Lo T B KIWK DR AG - m w2 HiEEWRE L7, R4 I 3ERERSHEOEMTICEME NS
EAREL, HEPSESNAKEMEM L - ERBIER O E —E L L, 540 % M2 2B b L, F72,
B IK BT — & OB 2 ARG % WGE L 7o 5, Tifli= RIS A= oT (T: FIE, A: HR & L7oe
ZOWFEIXIIIZ—1 FIEVTETH L. TNOOBKRLIY, KOMEZLR SEZBEMOfGSE L, KILKHE
FEAAT M 2§ 2 AR Eh AT D SN B4, FHELE 2 SOBHE D S KIKHERE R 2 2T 5 2 &A% HE
A, 122U, RFETILME, HEME RO LB, FHEICMH T 5 2 LSO 1~4 B oG T
OEDSLIEEL 72 b AFFCOWTIDAIMAHER RO HNE L &, EEOBIIME % BT AT G
BT EL L RBIDSEME Lz, KRFEEZ VIS 2008 EOIHFENIZ DWW T 60 2 2 A MK DKL
JRHERE R 2 HEE L7z, HEE L7220 A A SEFEDMNIC BT 5 H 2 & o BRI R % 5H5 L 7R G i &
EHBARETH D, 2008 FEOMBOIEENE HHEALOHERER L LT 5L, ¥—2135H 6~23 HEHT
HoltLMEEND, KEEZBIGT HI EI0E-T, THE TBIIIAEE L 2> 72 KL TOXKILKHERE &
B2STREE 72



