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1. Preface
Around the Circum-Pecific region, many

disssdes such as eathquakes tsunamis or
eruptions of volcanoes have been caused to rlate
with the plate motion. We devdoped some PC
based numericd dmulaions to explan the
mechanism of these events for the teaching tools.
Severd prototypes written in BASIC language for
the NEC-PC98 (Jgpanee domedtic PC) have
been trandated to C language on Linux, which
dlowsto run on the IBM-PC (or compatible) with
higher gpeed and with more extended grid area
Theresult of calculation can bevisudized on CRT
at eech gage, usng Xlib graphics. In this paper we
describe ther methods, festures and some
extensonsto cther field.

2. Tsunami Smulation
Tsunami isthemogt successful example of
the numericd smulaion in geophyscs We
developed a numericd smulaion to cdculae the
tsunami  propagetion under both abitrary
bathymetry and arbitrary initid condition. The
program code isintroduced on PC smplifying the
one for the workdaion or the manframe
computer. Basc equations with finite difference
scheme (Abeetd.,1991) are asfollows,
Equation of mation:
u(i j Kj=u(i j k-1) -g* dt/ds* {w(i j K)-w(i-1],K)}
V(i . K=V k-1)-g* dt/as* {w(i  K)-w(i |- LK)}
Equation of continuity:
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-dt/ds*{hu(i+1,))* u(i+1,j,k-1)-hu(i,j)*u(i k-1)

+hv(ij+ 1) V(i j+ Lk-1)-hv(i j)* W0 j k- 1)}

where u, v ae x and y components of flow
veodty, wisthe wave haght, hu, hv arethe water
depth on daggered grid, g is the gravity
accderdion. i, | denote the grid number, k denotes
the time gep, dt, ds are the dep interva of time

and gpace, respectivey .

Boundary condition: bathymetric data (1km
mesh or 5 km mesh) is used. The trangparant
condition is employed on the grid edge to
suppressreflected “ ghost” waves.

Initial condition: Gaussan function or verticd
lift of sea surface caculated from the fault modd
isassumed . Fg.1 showsan example.

Fg.1 Tsunami propagation of 1993 Hokkaido
Nansai-oki earthquake (morethan 200

peoplewerekilled)

3. Sasmic Wave Propagation
The sdgmic wave propagation has very



important role in geophysics Our program
amulates the saismic wave propagetion solving
the finite difference SH-wave equaion under
heterogeneous condition, which is defined as the
vaiaion of dadic condat of subsurface
materids. In this section, we treat only two
examples, i) The cause of “disaster bdt” (heavy
damage zone) of the 1995 Kobe eathquake
(Fig.2-a), and ii) The head waves returning back
from the Moho discontinuity (fig.2-b).

Equation of mation (2-dimensond SH-wave
equation with finite difference scheme [Aki and
Richards, 1980]):

V(i j k+ D=2 (i} K)- V(i j k-1)
+(At/ds/d(i ) {m(i+1/2j)*W(i+ 1, K)
+m(i-1/2j)*V(i-1,j,K+m(i j+ 1/2)*v(i j+ 1K)
+m(i J-12) (i J-LK)-v(i j K* {m(i+1/2)
+m(i-1/2j)+m(i j+ 1/2+m(i j-1/2)}
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L Kobe urban area

sedimentary
layer

e

time= 1.20[sec]

time= 2.00[sec]

Fg.2-a"Disagter Bdt” of 1995K obe earthquake
N-S cross section of Kobe urban area.
Huge waves developed a the surface by
waverefraction and interference.

where d(i,j) is the dengty of the medium, m(i,j) is
therigidity. visthe displacement in the y-direction,
i, ] denote the grid index, k denotes the time Sep,
dt, dsaretheintervd of timeand space.

Boundary condition: d(i,j) and m(i,j) are derived
from V4(i,j)(sher wave veodty) assumed as
subdructure. In the modd of Kobe Vs of
sediment layers decreases gradudly toward the
ground surface (Pitarka, 1996). In the modd of
Moho, Vs aoruptly changes a the crus/mantle
boundary. In both cases, the scale of parametersis
quite smplified for visud modding.

Initial condition: A smple Sne wave source is
assumed.

= 16.0a[ssc]

time= 32.00[sec]

time= 43.00[sec]

head wave

Fg.2-b Head waves from “Moho discontinuity”
Vs cud (light gray) < mantle (dark gray)

4. Pyrodagic Flow

Since valcanic eruption shows many complex
behaviors, it isdifficult to eval uate or to anatomize
the mechaniam of eruption. Egpedidly pyrodadtic
flow is common in acid volcano, but the detall of
its mechaniam is ill obscure. In this section, we
introduce a new smple kinetic modd cdled
“descending bdl modd” (Okamoto, 1998), in
which the pyrodadtic flow is tregted as a bdl
placed on the lava dome and descends dong the



dope of volcano. This modd is an origind
extendgon of the eroson modd (See section.5).
Thebadcalgorithm and outlinesare asfollows,

I) Thedigitized volcano map in which the height
h(i,j) is defined & dl grid is used to cdculate the
descending trace of a pyrocladtic flow (This mgp
was crested by our high school sudents).

i) FHrg, a"bdl" is placed on the lava dome Ste
(i), which descends down to the lowest ste
among 8 adjacent neighbors.

iii) This processis repesated until the ball reaches
the seaor thelower Site surrounded by hills.

Iv) If the bdl is opped or reeched the seq, then a
next bal dartsa thelavadomeste.

In this dgorithm, the bdl should fal down
adways through the same trace, O our modd
introduced some sochadtic effects asfollows,

i) Add randomnessto sdect thegart gte i) is
changed by §(i+rnd,j+rnd);rndisarandom vadue.

i) Add inertid force effect to slect fal direction.
If the course should turn to left or right because of
locd gradient, sometimes bdl kegps inetid
direction.

eed= 599
ome (i, j)= T3 58

FHg.3 Anexample of our pyrocladic flow
modd of Unzen volcano eruptionin 1991 .
Uppe: early dage  Lower: lateStage
Thetracesaredosetothered case

i) Add friction between the bdl and the dope
The friction is inversdy rdaed to the locd
gradient of dope. If the random number generated
by PC exceeded a threshold vaue, then the ball
Sopséa thedteby "friction’.

These additiond characters dlow to incresse
randomness and fluctuation, therefore the trace of
“pbdls’ can amulae the red pyrodadic flows.
FHg.3 amulae the pyrodadic flows a Unzen
volcano (Kyusyu, Japan) eruptionin 1991.

5.Erodon

Recently, the dmulaion of landscape
formation is discussed especidly in rdaion to the
“cdlular automaton” or the “fractd” andyss. In
this section, a Smple eroson modd (Boger etd.,
1991) is introduced and modified. The eroson
control parameters are chosen and evduaed. The
basc algorithm and outlinesare asfallows,

i) The initid land surface is represented by
squarelatice (grid) with heightsh(, j) .

i) A "randrop" fdls a aste whereis randomly
sdected on the latice, and flows down to the
lowest neighbor Ste.

iii) Thelattice Site passed by rain is @ther eroded
or filled by sediments depending on the locd
gradient, so that the landform changes gradudly.
The height hl from which rain dorp moves is
decressed by der(h1-h2) for erodon, and the
height h2 which the drop movestoisincreased by
ds*(h1-h2) for deposit of sediment. We cdled
"de' as the erodon parange and "ds' as the
sediment or depodt parameter. de and ds are
assumed in range of 0.0 -0.5. They are usudly
congant, but alow to change depending on time
or locd gradient.

iv) This process is iterated until the rain drop
reeches the “snk” which is a river mouth of the
lattice. And then anew raindrop fdls down. If the
rain drop reachesthe end of |attice except the Snk,
the periodic boundary conditionis goplied.

During these processes, the erosion parameter
de and the depodt paameer ds play very
important role for the landscgpe evolution. If
de=ds (mess consarvdion modd), then the
landscape evalution is Smulated as the "diffusion



modd (Culling, 1965)" (Fg.4-a). This modd is
auitable to explain theriver network evolution, but
the rugged profilewill be lost gradudly with time.
In contradt, if de>ds (mass consarvation bresk
modd), the landscape will be eroded rgpidly like
the Grand Canyon (fig.4-b). More precise study of
these parametersis now under investigation.

Now, we extend our modd to involve the
crusa movement. These effects can be gpplied by
lifting or shifting a block of lattice during the
cdculaion. In this way, some ective fault
landscapes such as the offst river, the spur facet
of mountain end arederived (see Hg.5-ab).

6. TotheFuture

Recently, PC's potentid of caculaion and
visudization has become powerful. Furthermore,
new dgorithms are derived in geoscience from the
thinking of "complexity" such as "fractd" or
"cdlular automaton”. Therefore we continue to
devdop and improve numericd amulaions for
the fidd which is difficult to smulate by old
andog experiments. One of our god is to cregte
"ancther virtud earth”" in PC, which fascinates and
amusesthe sudentsjugt like "Disney Land'!
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Hg.4-aMass consarvatiion modd (de=ds=0.5)
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Hg.4-b Grand Canyon modd (de=0.5,ds=0)
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FHg.5-aVeticd uplift modd (spur-end facet
and confluent fan are formed)
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FHg.5-b Laterd fault modd (left offsetsof rivers
areformed)




