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Table 2.1  Acquisition information of Pi-SAR-L2 data. 

Orbit name Acquisition time Heading *1  

(deg.) 

Looking  

(R/L) 

Incident angle *2 

 (deg.) 

EW 2014/08/07 -59 L 51 

EW 2016/08/04 -59 L 51 

EW 2017/09/06 -59 L 51 

NS 2014/08/07 21 L 51 

NS 2016/08/04 21 L 51 

NS 2017/09/06 21 L 51 

SN 2014/08/07 28 L 51 

SN 2016/08/04 28 L 51 

SN 2017/09/06 28 L 51 

*1: Heading angle is defined as anti-clockwise angle from north (e.g., north: 0 

degree, east: 270 degree). 

*2: Incident angles are defined at Iwo-yama volcano. 
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Fig. 2.2.1  Map around Iwo-yama volcano. (a) Map of Kirishima Volcano Group. A red star shows location of Iwo-yama. 

An inset rectangle indicates a local region corresponding to the region of (b). Interval of elevation contour is 100 m. (b) 

Close view around Iwo-yama. Interval of elevation contour is 10 m.
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Fig. 2.4.1 Relationship between temporal and spatial baseline of (a) path 

131 and (b) path 23. White circles indicate time epochs of dat acquisition.  

Red and blue lines indicate connections between two acquisitions.  
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Fig. 2.4.3 An example of coherence map of Iwo-yama volcano, observed 

from the EW orbit between 2014 and 2017. Some incoherent fringes 

perpendicular to azimuth direction can be seen. White-colored areas indicate 

area with high coherence.  
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Fig. 2.4.4  An example of an improved interferogram before and after the 

low-pass filtering.  The filter was applied to the fine-coregistorated 

interferogram.  This example shows the interferogram observed from the 

NS orbit between 2014 and 2016.
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Fig. 2.6.4  Comparison between observed (a-c) and modeled 3-D 

displacement field, including a sill-like horizontal crack source (d-f), a 

point-approximated spherical source (g-i) and a dipping prolate spheroidal 

source (j-l) during 2014-2016. 
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Fig. 2.6.6  Comparison between observed (a-c) and modeled displacement 

using a sill-like horizontal crack source (d-f) during 2016-2017. (g)-(i) show 

residual between the observed and modeled displacement. Rectangles show 

geometry of the optimal crack source estimated from the 3-D displacement 

data between 2014-2016. 
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Fig. 2.6.7  Comparison between observed (a-b) and modeled displacement 

using a sill-like horizontal crack source (c, d) during 2017-2018. (e) and (f) 

show residual between the observed and modeled displacement. Rectangles 

show geometry of the optimal crack source estimated from the 2.5-D 

displacement data between 2017-2018. 
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Fig. 2.8.1  Schematic illustration of pre-eruptive process at a shallow depth. 

Solid arrows indicate displacement on ground surface. Dashed arrows show 

subsurface fluid migration. Black and red colors indicate events before and 

after the mud emission in April 2017, respectively.  The blue ellipsoid 

corresponds to the pressurized crack.  The red circle corresponds to the local 

inflation source. 
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Figure S1.  Time function of !m(!) when considering temporal change in !! 

(dashed lines) for combination of different values of source compressibility (!!), 

porosity (") and initial liquid saturation (!).  These are plotted for both of 

independent satellite paths.  Solid line corresponds to !m(!) without temporal 

changes in! !  and !!!!! which means that fluid is incompressible.  !m(!) on the 

vertical axis is normalized by its maximum value.  !!!! shows the smallest value of 

the relaxation time among the plotted curves in each figure.  
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Figure S2  Calculated !!! values for the shallow reservoir using the formulation 

of Juncu et al. (2019).  Blue and red colors indicate hydrostatic and lithostatic 

pressure condition at 500-m depth, respectively.  Circles and triangles correspond 

to reservoir porosity of 0.1 and 0.5, respectively.  Solid and outlined symbols show 

two- or single-phase state, respectively.  Dashed lines show upper limit value of 
!!!.  Gray shaded area indicates possible range of allowable !!! values.  
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Table 3.1  Modeling results  

>Ì Crack  Mogi  FEM  

Depth (m)  690 390 500 

Deflation volume (m 3) 3.6?b105 2.9?b105 3.5?b105 

Residual*  1.80 1.39 0.84 

*Residual is defined as 
!

!

! ! ! ! !

! !

!
!
! ! !  where Oi, Ci, and Ei are the observed 

values, calculated values, and observed error values  at the i -th pixel, and n is the 

total number of pixels, respectively.  
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Table 3.2  Information about InSAR data  

Beam No. 2_7 2_6 

Path -Frame  126-710 20-2890 

ASC / DSC A D 

Viewing direction  Right  Right  

Incidence angle  (deg.) *a 36 32 

Heading (deg.) *b -10.1 191 

a: Incidence angle is represented by  the angle at scene center.  

b: Heading is defined as clockwise angle from north.  

  



 
 

89 

 

Table 3.3. Best-fit parameters of time functions  

 a c !  (days) AIC *a 

! V S     

 Path 126     

f1(t)  7.4 (± 0.2 )! 10 5 [m3] �x 379 (± 31) 119.8 

   f2(t)  *b 6.1 (± 2.1) ! 10 5 [m3] 106 (± 183) [m3/day] 313 (± 118) 121.2 

 Path  20     

f1(t)  9.2 (± 1.2) ! 10 5 [m3] �x 641 (± 150) 191.5 

  f2(t)  *b 9.0 (± 25.3) ! 10 5 [m3] 10( ± 1437) [m3/day] 632 (± 1300) 193.5 

     

Qout      

f1(t)  1.1 (± 0.03) ! 10 10 

[kg] 

�x 209 (± 16) 447.1 

f2(t)  5.0 (± 0.1) !10 9 [kg] 8.6 (± 0.1) ! 10 6 

[kg/day ] 

47 (± 2) 274.2 

     

! L d     

 Path 126     

f1(t)  -1.90 (± 0.16) [cm]  �x 905 (± 115) -2350.7 

f2(t)  - 2.63 (± 0.22) ! 10 -1 

[cm]  

- 1.04 (± 0.04) ! 10 -3 

[cm/day] 

20 (± 11) -2445.1 

 Path  20     

f1(t)  -1.34 (± 0.04) [cm]  �x 378 (± 26) -2345.2 

f2(t)  - 4.62 (± 0.26) ! 10 -1 

[cm]  

- 0.88 (± 0.04) ! 10 -3 

[cm/day] 

41 (± 10) -2465.9 

a: !"# ! ! !"#
!

!
! ! ! ! !

!!
! ! ! ! ! ! , where n is number of data, i  is index, O is an 

observed value, C is a calculated value, k is number of model parameters (Akaike 

1974).  

b: Parameters included in f2(t) of�ü VS were not determined uniquely, which 

indicates  that linear terms  are completely unnec essary to characterize the time 

series of �ü VS. 
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Table 3.4. Estimated parameters of superposed two curves  

Path  A1 (kg/m 3) A2 (kg/m)  Mass ratio * a 

126 3.89 (± 1.93)�™103 9.79 (± 1.24)�™1011 0.814 (± 0.104) 

20 4.64 (± 3.25)�™102 1.02 (± 0.02)�™1012 0.975 (± 0.015) 

a: Mass ratio is defined as ! ! ! ! ! !! ! ! !"# ! ! ! !! !  where !!  is final time of this 

analysis (1027 days).  
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Table 3.5.  Symbols and descriptions of thermodynamic parameters  

Symbol Definition  Values   Reference 

! !  Deflated volume  7.0!10 5 m3 Narita and Murakami (2018)  

!  Water bulk density  ! ! ! ! ! ! ! ! ! ! ! ! !  - 

!  Volumetric liquid saturation  0 - 1 - 

! !  Liquid water density  688-777 kg/m 3 *a  

! !  Vapor density  25-55 kg/m 3 *a  

! !  Water compressibility  Single phase:  

 
!

!

!"

!" !
 

Two phases:  

!"

! !
!!! !!" ! !" ! ! !! ! ! !!! ! *d  

*b  

 

Grant and Sorey (1979)  

!  Pressure 5 Ð 10 MPa - 

!  Temperature  264 Ð 311 �¥   

!  Porosity  0.1 - 0.5 - 

!"  Volumetric heat capacity of the 

wetted rock  

! ! ! ! ! ! ! ! ! ! !" ! ! ! !  Grant and Sorey (1979)  

! !  Host rock density  2000 kg/m 3 - 

! !  Isobaric specific heat of host rock  1 kJ/kg/ �f  - 

! !  Isobaric specific heat of liquid 

water  

5.0 Ð 6.1 kJ/kg/ �f  *a  

! !  Compressibility of the pressure 

source 

1.4 ! 10 -8 - 10-9   Pa-1 *c 

a: ! ! , ! !  and ! !  are calculated a t boiling temperature (264 Ð 311�¥ ) at 5 -10 MPa.  

b: Water bulk compressibility is calculated during decompression from lithostatic to 

hydrostatic pressure at constant enthalpy.  For single -phase state, it is directly 

calculated using STEAM software ( Harvey and Lemmon 2013) , which allow for 

calculating equation of state of pure water.  

c: Refer to Text S2 f or details.  

d: This approximation is validity  for P in the range of 4 -120 bars.  Unit of P is bar.   
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Table 3.6.  The source model of Murase et al. (2016)  

Parameter s Value s 

Latitude (degree)  35.8973 

Longitude (degree)  137.4838 

Length (m)  1000 

Width (m)  1500 

Strike (degree)  140 

Dip (degree)  -15 

Depth (m) *a 4225 

Crack closing (m)  0.5, 1.0, 1.5 m 

a: Depth from the mean elevation of the four GNSS stations (1725 m). In Murase et 

al. (2016), the depth was estimated to be 2500 m, and its reference was sea level.  

That is why the source depth for our calculation is set to be 4225 m.  
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Figure 3.1.1   Schematics of time sequence of pressure condition of a 

volcano from pre -eruptive to post -eruptive process, associated with phreatic 

eruption.  
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Fig. 3.2.1   Distribution of older and younger volcanoes (Fig. 41 in Yamada and 

Kobayashi, 1988).  
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Fig. 3.2.2 (a): Locations of GNSS and camera stations.  (b) GNSS plots of 

Tanohara -Ochiai baseline length from September 2014 to July 2017.  The  GNSS 

data were prov ided by Japan Meteorological Agency (JMA).  Red and blue lines 

show baseline length change predicted by the shallow deflation source model 

derived from two orbital data of ALOS -2 satellite (Narita and Murakami 2018); 

path 126, an orbit of ascending and rig ht looking (the red line) and path 20, an orbit 

of descending and right looking (the blue line), respectively.  
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(a) Pressure sources estimated in the 2007 eruption  

 

 

(b) Dike and pressurized sphere model in the 2007 and 2014 eruption  

 
 

Figure 3.2.3   Location of deformation sources and volcanic earthquakes (a): 

Multiple deformation sources, VT earthquakes and VLP source, activated in the 

2007 eruption, which were estimated by different authors (Figure 11 in Nakamichi 

et al., 2009). (b) Dike and isotropic  models estimated by Jap an Meteorological 

Agency (JMA) ( Figure 9 in Takagi and Onizawa, 2016).   Note that the dike model 
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estimated by JMA (2007) in (a) has been modified and re -estimated by Takagi and 

Onizawa (2016), as shown in (b).  
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Figure 3.2.4   Acquisition time of ALOS -2 SAR data around the 2014 eruption 

(Figure 2 in Narita and Murakami, 2018). The vertical axis shows the path -frame, 

whereas the horizontal axis shows the acquisition data. The dashed vertical line 

indicates the time of the eruptio n on September 27th, 2014. The pairs connected 

with thick black lines indicate interferograms used for 3 -D decomposition.  
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Figure 3.2.5  Interferograms around Jigokudani Valley. (a) -(e) Interferograms 

depicting the stacked line -of-sight displacements ( dLOS). The paths and spanning 

periods are shown at the top of each interferogram. (f) Time series of the dLOS at 

fixed pixels as indicated with black circles in (a) -(c).  In this study, we used the 

time series only in (a) and (b).  Positive values of dLOS correspond to pixel motion 

away from the satellite.  Arrows represent the flight and viewing direction of the 

ALOS -2 satellite.  Black dots in each interferogram indicate eruptive vents in the 

2014 eruption.  
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(a)                                   (b) 

 

Fi gure 3.2.6  Model geometry of finite element model, which built by using 

Salome-meca package (https://code-aster.org/spip.php?rubrique2 ).  (a) Entire of 

model domain, which has a box of 26 �™26�™5 km with topography around Mt. 

Ontake.  Mesh size is 40 m, finest size, around Jigokudani Valley and 2 km, 

coarsest size, around edges of the model domain.  We use quadric precision 

element to improve calculation precision.  Rigidity of host rock is set t o be 1 GPa.  

(b) Cross section around deformation source.  
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Figure 3.2.7  Results of finite element  modeling for the area indicated in Fig. 

3.2.2 (Figure 5 in Narita and Murakami, 2018) .  (a) and (b) correspond to 

East -West (EW) and Up -Down (UD) compone nts of observed deformation during 

Oct. 2014-Jul. 2015, respectively, which are estimated from four interferograms 

(path 126, 20, 19 and 124) .  (c) and (d) correspond to best -fit model of the EW and 

UD component, respectively.  (e) indicates r esidual distr ibution for  combinations of 

the free parameters, that is, the aspect ratio of the spheroidal source (abscissa: ratio 

of the minor axis to the major axis with typical  shape schematics) and the depth 

(ordinate).  In the left half of the chart, the aspect rat io is represented as a ratio of 

the horizontal axis to the vertical  axis, corresponding to  vertically elongated 

spheroid , whereas in the right half of the chart, the ratio is for the horizontal axis to 

the  vertical axis, corresponding to oblate.  The resid uals are colored in gray -scale, 

and white colored mesh indicates smaller residual .  A red star indicates the best -fit 

solution (depth = 500 m, Rx/Rz = 0.9).  
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Figure 3.2.8  Comparison between residuals for the best -fit FE model and the 

simulated deformations presumably caused by the sources proposed in Takagi and 

Onizawa (2016). (a), (d) Residual images obtained by subtraction of the optimal FE 

model predictions (Fig. 3.2.7) from decomposed EW and UD component during the 

period between the end of September 2014 and the end of July 2015 (Fig. 3.2.7). 

Residuals remain in the close vicinity of the deflation center, where deformation 

might be complicated. For example, fractured and soft medium near the eruptive 

vents could amplify the deformation magni tude locally, or complex geometry of the 

deformation source, that is, not spheroidal source, could contribute to the locally 

amplified deformation. (b),(e) Simulated deformations caused by the deflation 

source at 1 km depth. (c), (f) Simulated deformations  caused by the source at 3 km 

depth.  
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Figure 3.2.9  Source locations. Red star, blue circles, and black circle correspond 

to deflation source estimated by this study, inflation sources for the 2007 eruption 

(Takagi and Onizawa 2016), and tilt change source 7 min prior to the 2014 eruption 

(Maeda et al. 2017), respectively. Gray zone is the hypocenters zone in the 2014 

eruption (Kato et al. 2015).  Dotted line (in the upper figure) and dotted rectangle 

(in the bottom figure) are opening crack in the 20 14 eruption (Yamada et al. 2015).  
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Figure 3.2.10  Co-eruptive deformation  of path 126 (ascending , right -looking) .  

dLOS of 10 cm toward the ALOS -2 satellite can be seen over Jigokudani Valley, 

which has been modeled by using sub -vertical opening crack (Yamada et al., 2015).  

This crack penetrates the post -eruptive deflation so urce estimated by Narita and 

Murakami (2018), as shown in Figure 3.2.9.  

  

 

2014/8/18-2014/09/29 

Opening crack  

(Yamada et al.,  2015)  

Deflation source at 500 -m depth  

(Narita and Murakami, 2018)   

1 km  
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Figure 3.2.11  Plume heights from rim of Jigokudani Valley, which were 

observed by JMA.   A red arrow indicate the date of the 2014 eruption.  
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Fig. 3.4. 1  An example photograph of plumes viewed from Takigoshi 

station taken on 15 August 2015.  The photos were provided from JMA. By 

tracking of movements of the identical portion of the plume over consecutive 

images, we estimated wind velocity u and coefficient  of the plume shape C1, 

in a local coordinate of x, horizontal distance from a reference point, and h, 

which is vertical distance from a reference point, and then plume heat flux 

! !  (see text for the detail of analysis procedure).  
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Fig. 3.4. 2  Example  of photos under different conditions taken from 

Takigoshi station (a -c) and taken from Mitake -Korosawa station (d).  (a) 

Vertically rising plume due to weak wind.  (b) Plumes with unknown shape, 

leading to failure of estimation of wind velocity ( u) and shape coefficient ( C1).  

(c) Plumes with small size, making estimate of u and C1 impossible.  (d) 

Plume taken from Mitake -Kurosawa on 2 Mar.  2015, which shows difficulty 

of estimating  plume parameters.  (e) Location of observation stations with 

cameras (whit e circles). 
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Figure 3.5.1   Time series of the discharge mass ( Qout) and the deflation 

volume (!V ).  Time plots correspond to the period after 28 September 2014.  

Plots of !V  are based on the estimation for the two independent orbits of 

ALOS-2 satellite (Narita and Murakami 2018).  Dotted lines show best -fit 

functions of f1(t)  resulted from curve fitting, whereas dashed lines show 

best-fit functions of f2(t)  (see text for the detail).  Note that for �ü V, f1(t)  and 

f2(t)  fitting results are almost identical, which means no involvement of 

linear term.  Relaxation time "  in exponential terms are indicated at best -fit 

time functions of each time series data.  
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Figure 3.5.2   Corrected time series of the GNSS baseline length change 

and their best -fit curves.  Solid and dashed lines show best -fit curves when 

using f1(t)  and f2(t) , respectively.  !  indicates the relaxation time of the 

decay curves with a smaller value of AIC.  
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Figure 3.5.3  (a, b): Comparison between the discharge mass and the 

baseline contraction in Figure 3. 5.2a and 3.5.2b, respectively.  Gray shaded 

areas indicate range of estimated error of the discharge mass.  (c) 

Correlation between the plume discharge and  the corrected baseline 

contraction.  Correlation coefficients between the two  are > 0.7.  
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Figure 3.6.1   Schematic illustration of mass balance between the two 

deflation sources and the discharged plume.  Qs, Qd and Qout correspond to 

extruded fluid from the shallow source,  the deep sources and the discharged 

plume, respectively.  " Vs is deflated volume of the shallow source.  " Ld 

indicates baseline contraction due to the deep deflation.  Deformation at the 

surface caused by deflations of shallow and deep sources brings 

displacements of GNSS stations and change of LOS to the satellite.  

Shallower , deeper  
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Fig. 3.6.2   Fitting results for discharge mass by combination of two 

components; 1) best-fit function for the corre cted GNSS time series (as 

shown in Fig. 3.5.1) and 2) best -fit function for the deflation volume time 

series of the shallow source: " Vs(t)  (as shown in Fig. 3.5.1).  Red and blue 

colors correspond to satellite path of 126 and 20, respectively.  Solid, dashed 

and dotted lines indicate synthetic Qout(t)  (= Qd(t) + Q s(t) ), Qd(t)  and Qs(t) .  

Gray shaded area indicates range of estimated errors o f the discharge mass.  

(b) Temporal change in the mass ratio of Qd(t)  to Qout(t) .  Red and blue 

colors correspond to satellite path of 126 and 20, respectively.  Value of 

more than 1.0 is due to fitting error.  
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Figure 3.6.3   Temporal change in the mass ratio of Qd(t)  to Qout(t) .  Red 

and blue colors correspond to satellite path of 126 and 20, respectively.  

Value of more than 1.0 is due to fitting error.  
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Fig. 3 .7.1  North -south cross section of maximum the shallow deflation 

source (the red star) with a radius of 300 m, which is possible maximum size 

(circles).  
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Figure 3.7.2   Calculated #$ values for the shallow reservoir.  Plots are 

made for each of two end me mbers of ! ! ; (a) ! !  = 1.4 ! 10 -8 Pa-1 (! = 107 m3) 

and at (b) ! !  = 1.4 ! 10 -9 Pa-1 (!  = 108 m3) (see also Text S2).  #$ are 

computed as a function of liquid saturation S, (0.0 <= S <= 1.0) at each 

pressure.  Details of these parameters setting are described in Text S1.  

Solid and open symbols correspond to two -phase and single -phase state, 

respectively.  Solid circles and triangles correspond to host rock porosity !  

= 0.1 and 0.5 in the two -phase state, respectively.  Red and blue symbols 

correspond to conditions of lithostatic and hydrostatic pressure at the 500 -m 

depth, respectively.  A black dashed line shows an upper limit value of !" , 

which is derived from observations.  Gray s haded area indicates possible 

range of allowable #$  values, within which even calculated values with 

pressure drop should ranger.  
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Figure 3.7.3  Location map of the horizontal crack source suggested by Murase et 

al. (2016) (the black rectangle) and of  GNSS stations (black diamonds).  Black 

dashed lines show GNSS baselines used for the calculation.  
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Figure 3.7.4  Time series of length change in the four baselines from 28 

September 2014 and length change predicted by the crack model of Murase et al. 

(2016).  Red, yellow and blue bars correspond to crack closing of 0.5, 1.0, 1.5 m, 

respectively.  Miyaoka and Takagi (2016) highlight that Otiai ÐOutaki baseline 

includes non -negligible amount of tectonic deformation, which appears as 

compressional change a long the direction of northwest and southeast.  We 

evaluated and subtracted the tectonic trend included i n Otiai ÐOutaki baseline from  

its raw baseline data using GEONET data around Mount Ontake. We chose the 

GEONET data that include no volcano -related and seismicity -related deformation, 

only tectonic deformation, from 2012 -2018. 
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Figure 3. 7.5  Schematic illustration showing simplified mass flow  

beneath Mount Ontake after the 2014 eruption.  Blue arrows indicate 

possible fluid outflow from the shallow deflated reservoir, as indicated by a 

blue sphere.  Gray arrow indicates discharged fluid from the deep deflate 

reservoir, as indicated by a large and gray symbol at a depth of -3-0 km absl.  

A horizontal crack at a depth of -3 km absl and a red rectangle below -5 km 

absl indicate co -eruptive subsidence source detected by leveling survey in the 

2014 eruption (Murase et al. , 2016) and the intruded dike in the 2007 

eruption (Takagi and Onizawa , 2016), respectively.  Black diamonds 

indicate GNSS stations with displacement caused by the both deflation 

sources.  
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Figure 4.1  Schematic illustration showing relationship between subsurface structure and 

pressure sources at (a) Kuchinoerabu -jima volcano, (b) White Island, (c) Hakone volcano and 

(d) Kirishima Iwo -yama volcano. (a) Relationship between resistivity structure inferred 

from MT observation (Kanda et al., 2010), inflation sources estimated from GNSS 

observation (Iguchi et al., 2002; Saito and Iguchi , 2007; Hotta and Iguchi, 2017) and 

demagnetization sources estimated from geomagnetic observation (Kanda et al., 2010).  

Circles outlined with solid, dotted and dashed line s indicate the inflation sources estimated 

by Saito and Iguchi (2007), Hotta and Iguchi (2017) and Iguchi et al. (2002), respectively.   

(b) Relationship between the subsurface structure model suggested by Chiristenson et al. 

(2017) and the spherical inflation source estimated from leveling survey dat a during 

1967-2008 by Peltier et al. (2009) (the gray circles) and the sill -like inflation source  (the 

horizontally -lying red bar)  estimated from InSAR data  of the 2016 eruption , analyzed  by 

Hamling (2017).  (c) Schematic illustration of the subsurface structure and pressure 

sources beneath Owaku -dani at Hakone -yama volcano, estimated by (c1) Doke et al. (2018) 

and (c2) Mannnen et al. (2019).  The gray -colored and horizontally  elongated ellipse  in (c2) 

indicates the inflation source estimated by Kobayashi et al. (2018), which is emplaced 

beneath the clay -rich impermeable layer formed by mineral precipitation due to fluid boiling  

(Mannen et al., 2019) .  (d) Schematic illustration of the subsurface structure and pressure 
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sources beneath Iwo -yama (after  Tsukamoto et al., 2018).  The gray, transparent ellipsoid 

indicates the inflation source estimated by InSAR data.  The white star indicates the 

inflation source estimated by leveling survey s (Kyushu Univ., 2019).  
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Figure 4.2  Schematic illustrat ion showing relationship between subsurface structure and 

pressure sources at the volcanoes of type 1.  A common point in the type 1 is that two 

inflation sources are emplaced just beneath the impermeable layers.  
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Table 4.1  References for discharge mass, duration and discharge rate of the individual eruptions.  

  discharge mass (kg)  duration (hour)  discharge rate (kg/h)  references 

Type 1           

Hakone 2015  1.00E+05 (*1)  24 (*2)  4.17E+03 (*1) Furukawa et al. (2015)  

          (*2) Mannen et al. (2018)  

Kuchinoerabu -jima 2014  1.00E+07 (*3)  0.014 (*4)  7.14E+08 (*3) Kobayshi (2017)  

2015 1.00E+08 (*3)  0.1 (*4)  1.00E+09 (*4) Nakamichi (2018)  

Kirishima Iwo -yama 

2018 1.50E+06  (*5)   15  (*6)   9.38E+04  

(*5) Nagai et al. (2018)  

(*6) JMA (2018)  

Type 2             

Mt. Ontake 2014  1.50E+09 (*7)  1 (*8)  1.50E+09 (*7) Takarada et al. (2016)  

          (*8) Sato et al. (2016)  

Mt. Kuju 1995  2.00E+07 (*9)  1 (*10)  2.00E+07 (*9) Nakada et al. (1996) 

            (*10) Sudo (1997) 

Tongariro 2012  2.30E+08 (*11) 0.01 (*12)  2.30E+10 (*11) Turner et al. (2014)  

            (*12) Jolly et al. (2014)  

Discharge mass is calculate by dividing discharge mass by duration.  For the event where only eruptive volume was 

estimated, I convert it into discharge mass by assuming volcanic ash density of 1000 kg/m 3.  Events at White Island are 

not included here.  
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