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Lax Friederichs
1954

Lax Wendroff
1964

MacCormack
1969

TVD MacCormack

Yee Harten’s TVD scheme
1987Euler Beam Warming LU SGS
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Matrix Free Gauss Seidel
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2 2 4

JST(Jameson Schmidt Turkel
2 2 4

LED, CUSP
1994

H CUSP
1995

FLO52

g
1976 1983 LU ADI

1986

2008

FLO52

Steger Wariming’s FVS van Leer’s FVS Hänel’s FVS AUSM AUSM+g g
1981 1983 1987, 1989 1994 AUSMDV

SHUS

Godunov
1959(1949

Roe’s FDS
1981

Osher’s method
1981

Riemann Osher Chakravarth’s 3rd order scheme
1983

MUSCL TVD, WENO, WCNS

Copyright 2015 AdvanceSoft Corporation. All rights reserved.

HLL
1983

HLLE
988

HLLEM
1991

HLLEW
1992

http://www.advancesoft.jp/

• Roe
–
– Roe

• AUSM
–
–
–

Copyright 2015 AdvanceSoft Corporation. All rights reserved.

50



http://www.advancesoft.jp/

•
Godunov

–
–

TVD
TVD

• TVD: total variation dimishing(Harten, 1983)
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2 3 1
ENO E i ll N O ill h (H 1989)• ENO: Essentially Non Oscillatory scheme (Harten, 1989)
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1) Sod, G.A.,“A Survey of Several Finite Difference Methods for Systems of Nonlinear Hyperbolic 
Conservation Laws”, Journal of Computational Physics (1978), Vol. 27 , pp.1–31.

2) Hirsch, C.,“Numerical Computation of Internal and External Flows(Vol.2: Computational 
Methods for Inviscid and Viscous Flows)”, A Wiley-Interscience Publication (1992).
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Event tree for volcanic crisis
(Newhall and Hoblitt, 2002)
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Parameters 

Density 
Heat capacity
Thermal conductivity

2.5 x 103 kg/m3

8.4 x 102 J/kg K
1 56 W/m KThermal conductivity

Latent heat of fusion 
Solidus temperature
Liquidus temperature
Specific enthalpy of solidus
S ifi h l f li id

1.56 W/m K
3.2 x 105 J/kg
1000 C (1273 K)
1100 C (1373 K)
1.07 x 106 J/kg

6 J/kSpecific enthalpy of liquidus
Solidification fraction of liquidity 

loss
Specific enthalpy of liquidity loss
Lava emissivity

1.39 x 106 J/kg
0.5
1.23 x 106 J/kg
0.66
1050 C (1323 K)y

Temperature of liquidity loss
Extrusion rate
Lava specific enthalphy
Extrusion temperature
Viscosity

1. x 105 kg/s 
(0-3600s) 

0 kg/s ( > 3600 s)
1.23 x 106 J/kg
1051 2 C (1324 2 K)Viscosity

Atmospheric temperature
Ground temperature

1051.2 C (1324.2 K)
5.0 x 103 Pa s
17 C (290 K)
27 C (300 K)
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Recent high-density seismic and ground deformation observation 

Detection of precise subsurface magma migrations

1989 Off-Ito swarm
(Morita et al.,2005)

1989 Off-Ito swarm
(Okada & Yamamoto,1992)

2000 Miyakejima volcano
(Ueda et al., 2006)
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Standard Crustal deformation modelStandard Crustal deformation model
• Mogi model (1958) • Okada model (1985,1992)

Isotropic spherical source
vertical disp.

vertical disp

lateral slip vertical slip    

horizontal disp.

vertical disp.

Applicable condition
• isotropic & homogeneous mediaisotropic & homogeneous media
• elastic deformation (no fractures)

horizontal disp.

DEM(Discrete Element Method)

�Continuous media are modeled by particles 
(discrete elements) connected by visco-elastic 
springs
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Formulation of stress & fracture
normal shearAkn Aks

Ckn Cks

Spring coefficient: Akn

Damping coefficient: Ckn

Spring coefficient: Aks

Damping coefficient: CksDamping coefficient: Ckn Damping coefficient: Cks

Mohr-Coulomb CriterionThreshold distance
D DD > Dth t = C + n tan

D f lt D it A C A CDefault
values

Density
[kg/m3]

Akn

[Pa]
Ckn

[Pa s]
Aks

[Pa]
Cks

[Pa s]
Mainbody
Magma

2.5E3
2.0E3

5.0E8
5.0E8

5.0E8
5.0E8

5.0E8
5.0E8

5.0E8
5.0E8

Numerical calculation procedures
Gravity packing

� Generation
100,000/1,000,000 Particles
with random size and y
position

� Gravity packing 
x

y

z

Assign magma particles

x

� Assign magma particles
� Set  low density, bulk 

modulus etc.modulus etc.
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Assign Boundary 
ConditionsConditions

� Set stresses for 
boundary particlesy p

-1.0E6 Pa
1 0E6 Pa

y

z

Assign Initial Conditions

1.0E6 Pa x z

Assign Initial Conditions

� Set initial velocity / 
excess pressure forexcess pressure for
magma particles

S !Start !

Model case
1,000,000 particles
10km x 10 km x 10km 
cubic region
(i.e. diameter – 100m)

Gravity: y directionGravity: -y direction

Initial conditionInitial condition
P at the bottom of 

dik

Boundary conditions

magma dike

zz = -1.0E8 Paxx =  1.0E8 Pa
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Gravity packing

Spring & dashpot coeff.--- Macro / MicroSpring & dashpot coeff. Macro / Micro
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(Kawaguchi, 2013)

796 m              350 m
840 m              390 m
740 m 420 m

646 m              750 m
511 m 1030 m

200 s
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VR

obs cal

VR

uobs ucal

1.3 GPa
0.25
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H = 175 m
VR

H = 175 m
p0= 8.2 MPa
hf = 126 m

h 147h0 = 147 m

p0

H
h0

a
R0

ng

H: 200 600 mH: 200 - 600 m
h0: 100 – 200 m
a:  5 m
R 0: 0 1 – 1 0 mRg0: 0.1 1.0 m
n: 10, 100, 1000
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H 550H=550 m, 
h0=160 m 

0.6 m
100

H=425 m,5 ,
h0=170 m 

0.7 m0.7 m
100
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