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Tsunami Hazards Associated with the Perachora Fault at Eastern

Corinth Gulf, Greece
by G-Akis Tselentis, Faidra Gkika, and Efthimios Sokos

Abstract We investigate the tsunami hazard associated with the Perachora fault
at eastern Corinth Gulf, Greece. Realistic faulting parameters are used to model
expected coseismic displacements of the seafloor. This study also investigates the
effect that rupture complexity has on the local tsunami wave field. Several earthquake
scenarios are used as initial conditions for tsunami stimulation either considering the
numerous published constant slip models or taking into account the fault rupture
complexity with the help of a realistic finite-extent k2 stochastic kinematic source
model with k-dependent rise time. The obtained results indicate that there is sub-
stantially more variation in the local tsunami wave field derived from the inherent
complexity of the shallow fault zone than predicted by a simple elastic dislocation
model. Rupture complexity, as represented by heterogeneous slip-distribution pat-
terns, has an important effect on near-field tsunami records. Tsunami hazards as-
sessments based on only a few scenario earthquakes may not accurately account for
natural variation in tsunami amplitude caused by earthquake rupture complexity.

Introduction

The coastal area of eastern Corinth Gulf is subjected to
anear-field hazard—a tsunami generated in something under
a few minutes tsunami travel time to the locality. Such a
tsunami can propagate in any direction and thus, depending
on the location of the source, path of propagation, and near-
shore morphology, form a risk to any vulnerable coastline.

To understand and discuss tsunami danger for the east-
ern Corinth Gulf region, appropriate numerical modeling,
and comparison of model results with the existing infor-
mation are necessary and effective tools.

It seems that the coasts of the Corinth Gulf have been
struck frequently by tsunamis. The paucity of direct records,
however, makes a rigorous estimation of the expected tsu-
nami amplitudes rather difficult, and the analysis of available
documents remains somehow controversial. Based on his-
torical information, many tsunami-like waves have been re-
ported in the Corinth Gulf. Recently, Papadopoulos (2003)
prepared a new list of tsunamis in the Corinth Gulf, and on
the basis of these data he tried to assess the cumulative fre-
quency of tsunamis for this specific region. The accuracy of
such estimates is low because of data deficiency and the need
to adopt relationships linking earthquakes to tsunamis that
may not be empirically well grounded. This means that in
many cases alternative approaches to evaluate tsunami haz-
ard are to be invoked (Tinti and Armigliato, 2003). Most
often, a solution to the problem is searched for in terms of
a scenario that is considering the largest event known to have
hit the area of interest in the past history and to simulate that
event through numerical modeling.

The tsunami modeling process can be divided into three
parts: generation, propagation, and run-up (Titov and Gon-
zalez, 1997). The generation phase includes the formation
of an initial disturbance on the ocean surface due to a co-
seismic deformation of the seafloor. In this case, the initial
condition for the long wave propagation is obtained directly
from the expected coseismic deformation of the earth’s sur-
face. The seafloor deformation field modeled by the corre-
sponding elastic dislocation model is translated directly to
the water surface and used as an initial condition for the
propagation and run-up phases.

Numerical simulation of the tsunamigenic domain of
Perachora fault and the effect that rupture complexity has on
the local tsunami wave field is the main goal of this article.
This region is of particular interest because many earth-
quakes have generated observed tsunamis in the past. Fur-
thermore, during the past decades, the region of eastern Cor-
inth Gulf serves as one of the main holiday resorts of Athens
and the cities of Corinth, Xylocastro, and Loutraki have been
rapidly expanding toward the coastal region (Fig. 1). This
growth of population densities on the coast raises a signifi-
cant hazard for future tsunami that would strike the region.

Although large earthquakes frequently generate sub-
stantial submarine landslides in the epicentral area that
could generate tsunamis, this study focuses only on tecto-
nic deformation mechanisms from submarine faulting. A nu-
merical model based on shallow-water theory is briefly
described in a following section. The time histories of water-
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Figure 1.  Sea-bottom topography in Corinth Gulf depicting Perachora fault and all
known active faults. The coastal cities of Galaxidi (GAL), Xilokastro (XIL), Loutraki
(LOU), and Corinth (nearby with Isthmos-IST) are also shown.

surface fluctuations at selected locations are also calculated.
A 3D time visualization of the expected tsunami wave field
all over the Corinth Gulf is also derived.
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The Gulf of Corinth is an elongated fjord-like basin in
central Greece, extending from the Rio straits in the west, 1200 ms

to the Alkyonides Bay in the east (Fig. 1). It has a total length L1000 m
of approximately 115 km and a width ranging from approx- 1400 me

imately 10 to 30 km. The maximum water depth is about

900 m in the center of the Gulf. The present-day Gulf oc- 1600 ms— 1250 m

cupies about 2400 km? out of a total of approximately 4100
km? that correspond to the area extent of the Corinth rift - se
(Stefatos et al., 2002; Moretti et al., 2003). TWID

According to neotectonic studies (e.g., Roberts and 520 e e B
Jackson, 1991; Doutsos and Poulimenos, 1992), focal mech- %, - fsom
anism solution studies (e.g., Tselentis and Makropoulos, 800 me-]
1986; Hatzfeld et al., 2000), and seismic profiling studies PERACHORA FAULT
(Brooks and Ferentinos, 1984), the extension has an approx-
imately north—south to north-northeast—south-southwest di-
rection. The location of the Corinth Gulf active faults are
depicted in Figure 1. However, from a tsunamigenic point
of view, only a few of these faults have been linked with
tsunamis (Papadopoulos, 2003). In the present investigation
we study the tsunami hazard of eastern Corinth Gulf, a re-
gion with densely populated holiday resorts.

Along the northwest coast of the Perachora peninsula,
striking northeast—southwest, almost parallel to the coast- Figure 2.  Seismic reflection imaging of the Pera-
line, lies the offshore Perachora fault (Figs. 1 and 2). The chora fault (Brooks and Ferentinos, 1984).
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1981 earthquakes provided the opportunity to gather new
geological and geophysical data offshore to improve the
knowledge of the Perachora fault characteristics, in its
emerged part, an issue critical to understanding its tsuna-
migenic potential. This fault has a length of about 12 km
and develops a scarp of 600 m (Stefatos et al., 2002), shifting
the Gulf’s southern margin fault zone to the north. Seismic
profiles (Brooks and Ferentinos, 1984; Sakellariou et al.,
1998; Stefatos et al., 2002) indicate a dip between 32° and
48° (Fig. 2).

Elastic Dislocation Modeling

Most studies of earthquake-generated tsunamis use elas-
tic dislocation theory to predict the coseismic seafloor de-
formation based on fault rupture models (e.g., Satake and
Somerville, 1992; Geist, 1999). Many tsunami-hazard as-
sessments are based on a simplified elastic dislocation model
constrained by the seismic moment for an earthquake. Rup-
ture complexity is not considered in these cases and the slip
is specified as being spatially uniform over the entire rupture
area or over several subevents that span the width of the
rupture zone. These studies often find that earthquake source
models involving spatially uniform slip over a simple rup-
ture surface underestimate the observed tsunami run-up
(Legg et al., 2002; Synolakis et al., 1997; Geist, 2002).

Shallow earthquakes occurring offshore produce a sea-
floor coseismic deformation that can trigger a perturbation
of the sea surface. In general, it is accepted that the coseismic
deformation is much more rapid than the characteristic time
involved in the wave propagation, and that the length scale
of this seafloor deformation is much larger than the water
depth. These hypotheses allow defining the initial sea-
surface deformation as being equal to the coseismic vertical
displacement. Analytical formulas established by Okada
(1985) to obtain the displacements due to an elastic dislo-
cation allow computing this coseismic deformation, as a
function of the fault geometry and the ground elastic param-
eters. The fault parameters and the seismic moment M,, are
provided by the moment tensor analysis of seismic waves.

Initial conditions for tsunami propagation from Pera-
chora fault are determined from the static displacement field
by using the three-dimensional elastic boundary element
method (BEM) algorithm POLY-3D (Thomas, 1993) assum-
ing a Poisson’s ratio of 0.25.

In general, seismic moment is a good indicator of far-
field tsunami amplitude. Near the earthquake source, how-
ever, there is a substantial variation of local tsunami ampli-
tude with M, (Geist, 2002). A single constant slip scenario
fails to account for the highly variable nature of earthquake
and tsunami phenomena. The effect of slip variation will be
examined in detail in a following section. First, we deal with
all published source models concerning Perachora fault
1981, my, 6.7 earthquake, which are depicted in Table 1.

Taking into consideration the results of the seismic sur-
vey in the location of Perachora fault (e.g., Brooks and Fer-
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entinos, 1984), we assume a dip of 45° and fault dimensions
12 km X 12 km and, using these parameters and the seismic
moment calculated from each researcher, we derive the cor-
responding fault slip (Table 2).

Next, we calculate the sea-bottom strain field for each
one of the seven fault scenarios. The obtained results are
presented in Fig. 3, and the corresponding maximum dis-
placements are depicted in Table 2. Judging from these re-
sults we see that there is considerable variation in the re-
sulting sea-bottom deformation.

As mentioned by Legg et al. (2002), one area of concern
is that the elastic dislocation model produces relatively
smaller vertical displacements than the maximum fault slip
on the modeled fault surfaces. This result may be reasonable
for buried fault sources where no surface rupture occurs
(e.g., Plafker and Galloway, 1989). However, where surface
fault rupture or for submarine earthquakes, seafloor fault
rupture, the maximum surface displacements often equal or
approach the maximum subsurface-displacement values de-
rived through seismological observations (Treiman et al.,
2002).

Because we typically observe only about one-half the
maximum subsurface slip value as surface displacement in
the elastic dislocation model, we propose that our estimates
of seafloor uplift and initial tsunami wave height may be too
low by a similar amount (about 50%). This proposition ap-
pears to be supported by observations of recent tsunamis
around the world where the measured maximum run-up val-
ues also tend to be about twice the predicted values from
elastic dislocation models of tectonic faulting based on seis-
mological observations (Geist, 2002).

Mathematical Model

Numerical simulations are useful tools for analyzing
tsunami propagation and coastal amplification. The tsunami
waves generated by earthquakes depend on the size and the
impact of the source mechanism on the displaced water. In
the present investigation we concentrate on earthquake-
triggered tsunamis only.

Despite differences in the underlying physics of wave
propagation in the sea and solid earth, the tsunami wave field
emanating from an earthquake source can be thought of as
an extension to the seismic wave field (Okal, 1982).

There are at least three kinds of tsunami propagation
and inundation models in common use among tsunami
scientists: nonlinear shallow-water models (NSWMs),
Boussinesq-type long-wave models, and complete fluid dy-
namics models, which all stem from the work of Peregrine
(1967). NSWMs possess some distinctive advantages that
make them very suitable for modeling flows occurring in
shallow depths (Brocchini et al., 2001). We perform our
study with the nonlinear shallow-water wave model.

Since tsunami wavelengths are much larger than the sea
depth, tsunamis are considered as shallow-water waves fol-
lowing the long-wave theory.
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Table 1
Published Fault Parameters of Perachora Fault, m,, 6.7, 1981 Earthquake
Strike Dip Rake Slip Length Width M, Depth*
Author (deg) (deg) (deg) (cm) (km) (km) (10" N m) (km)
Jackson et al. (1982) 300 45 —74 115 15 10 7.28 10
Dziewonski and Woodhouse 12.9 20
(1983)
Kim and Kulhanek (1984) 285 45 —=70 37 28 17 8.1 12
Bezzeghoud et al. (1986) 20 12 10 6
Taymaz et al. (1991) 264 = 15 42 + 5 —80=+ 8.75 12 £ 2
Ekstrom and England (1989) 9.01 10
Abercombie et al. (1995) 70 18 8 6.04 = 24 5
*Depth refers to hypocentral depth.
Table 2

Fault Parameters Used for the Tsunami Simulation

Perachora Dip Length Width Slip ax" Computed Max Bottom
Offshore Fault (deg) (km) (km) (cm) (km) Vertical Displacements (cm)
Jackson et al. (1982) 45 12 12 153 5.75 46.28
Dziewonski and Woodhouse (1983) 45 12 12 271 15.75 24.05

Kim and Kulhanek (1984) 45 12 12 170 7.75 38.2
Bezzeghoud et al. (1986) 45 12 12 210 1.75 124.8

Taymaz et al. (1991) 45 12 12 184 7.75 41.35
Ekstrom and England (1989) 45 12 12 189 5.75 57.17
Abercombie (1995) 45 12 12 126 0.75 90.61

d* is the depth to the fault plane.

Long-wave theory is used (where the ratio of water
depth to wavelength is small), for which the vertical accel-
eration of water particles is negligible compared with the
gravitational acceleration, and the hydrostatic pressure ap-
proximation is used. The nonlinear terms are kept for their
use where needed, which is the case in very shallow water
(from the tsunami point of view). In addition, we are inter-
ested in this investigation on near-field tsunamis, that is,
those whose propagation distance is less than 200 km. Hence
forth, Cartesian coordinates can be used. The vertical inte-
grated governing equations (Dean and Dalrymple, 1984) can
be written (after setting the momentum correction factors
equal to unity, with Coriolis effect omitted):

oM 9 <M2> 0 <MN> an
+ + — | + gb —

o ox\D dy \ D ox
gn’ 2 2
+WM/M +N =0 (1)
ON a<N2)+ 0 (MN)+ Dan
o aw\D)  ax\p) T Y
gn’ 2 2
+WN\/M +N =0

dJ oM oN
T2 22, (3)
ot ox dy

where # is the water surface elevation, ¢ is time, x and y are
the horizontal coordinates in zonal and meridional direc-
tions, and M and N are the discharge fluxes in the horizontal
plane along x and y coordinates,

M = Uh + n) = UD “)
N = V(h + ) = VD, ()

where U and V are the vertically averaged horizontal particle
velocities and D = h(x, y) + 7 is the total water depth,
h(x, y) is the undisturbed basin depth, g is the gravity ac-
celeration, and k is the bottom friction coefficient.

These equations are the fundamental equations used in
this article.

The way the bottom friction terms (Fujima et al., 2002)
are represented in the preceding equations is explained in
brief. After the vertical integration the friction terms appear
as 7,,/p and 7,,/p in the x and y momentum equations, re-
spectively, where p is the water density. The most widely
used roughness factor coefficient is the so-called Manning’s
n, in which case the bottom friction, 7,, is expressed as

2

. = % UIU? + V2|12 (6)
pen’

T = T VIUP + v 7
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Figure 3.  Sea-bottom vertical displacement calculated for each one of the source
mechanisms depicted in Table 1. Maximum obtained sea-bottom displacements are
listed in Table 2. Positive displacement values are depicted by thicker contours.
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After substituting for M and N from equations (4) and (5)
we get the friction terms as shown in equations (1), (2), and
(3). Although the effect of friction is significant, it is not
well understood and a full treatment of the problem would
involve the introduction of a bottom-boundary layer (i.e.,
Svendsen and Putrevu, 1994). Fujima (2001) investigated
theoretically and experimentally how bottom obstacles (not
negligible but smaller than the numerical grid size) should
be considered in tsunami numerical simulations, based on a
shallow-water equation. He found that in the most realistic
tsunami simulation, roughness coefficient is given by a sim-
ple distribution and the value is generally about 0.02 to 0.05
and increases as obstacle height and incident wave height
increases. Because the frictional force is inversely propor-
tional to the local water depth D (equations 7 and 8), it has
increasingly strong effects as the depth decreases. We thus
expect it to affect the flow velocities most where the water
is shallowest, that is, inside the swash zone. For the simu-
lation reported here and considering the prevailing bottom
morphological features n has been set equal to 0.025.

The model used in this simulation is using the procedure

G.-A. Tselentis, F. Gkika, and E. Sokos

proposed by Goto and Ogawa (1992), using a set of nested
grids, where the grid resolution increases in the coastal areas
that are to be studied in greater detail.

Another reason for increasing the resolution as we go
into shallower water is the fact that (Shuto et al., 1986) each
tsunami wavelength should be covered by at least 20 grid
points to diminish numerical dispersion (dissipation). Ram-
ming and Kowalik (1980) found that 10 grid points per
wavelength is sufficient if we are willing to accept a 2%
error in the phase velocity. Another reason is that numerical
stability considerations (Courant-Friedrichs-Lewy or CFL
stability criterion) require that the finite differences timestep
be such that

Ax
= — )
28N

where Ax is the space discretization size, g is the gravita-
tional acceleration, and h,,, is the maximum still-water
depth in the given grid. This is an ordinary way to select the
temporal and spatial grids, if run-up is not included in sim-
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anisms of Table 1 and at an isobath of 8 m.
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ulations. As the wave propagates into shallower waters /,,,,
decreases and by decreasing Ax we can maintain a constant
At (Goto and Ogawa, 1982).

The numerical model employed in this study was de-
veloped by Tohoku University (Goto et al., 1997), namely
the Numerical Analysis Model for Investigation of Near-
field Tsunamis version 2 (TUNAMI-N2). Although the model
is a nonlinear shallow-water wave tsunami-propagation
model, it uses linear theory for the deep-water region and
shallow-water theory in the near-shore region.

The algorithm solves the governing equations by the
finite-difference technique with leap-frog scheme. The ba-
thymetry of the Corinth Gulf was digitized from nautical
maps with a grid size of 80 m. The timestep is selected as
6 sec to satisfy the stability condition described in equa-
tion (8).

Following this procedure we calculate the correspond-
ing mareograms for each one of the rupture models depicted
in Table 2 at the coastal location of the town of Isthmos and
at the depth of 8 m (Fig. 4) The only available tide gauge
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record at that location shows a maximum water height of
about 40 cm. Judging from these results we can see that there
is a 50% variation in the expected tsunami amplitudes
among various models. The model of Ekstrom and England
(1989) results in tsunami amplitude close to the recorded
one and is selected for further numerical modeling as an
example only of a uniform slip model.

Next, the corresponding mareograms expected at the
coastal locations of the towns of Isthmos, Loutraki, Galaxidi,
and Xilocastro are calculated and depicted in Figure 5. Judg-
ing from this figure, we can see that for this particular slip
model, the tsunami arrives first at the city of Xilocastro, next
(after 4 min) almost simultaneously at the cities of Loutraki
and Isthmos, and finally at the city of Galaxidi.

To get a clear view of the way the tsunami propagates
all over the Corinth Gulf, snapshots of surface displacement
at given time intervals of 1 min are calculated and presented
in Figure 6, and Figure 7 presents the expected maximum
water levels.
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model at 1-min time intervals.

Effect of Rupture Complexity

Whereas the characterization of earthquake rupture us-
ing a uniform slip dislocation or several dislocations that
span the width of the rupture zone is common in tsunami
modeling (i.e., Imamura et al., 1995; Piatanesi et al., 1996;
Satake and Tanioka, 1999) recent research (i.e., Geist and

I

Snapshots of tsunami propagation for the Ekstrom and England (1989)

Dmowska, 1999; Geist, 2002; Legg et al., 2004) demon-
strates that complex rupture processes have important effects
on tsunami generation and near-shore amplitudes. Real
earthquakes have nonuniform slip distributions, often in-
volving multiple fault segments and high-slip patches.

As discussed by Freund and Barnett (1976) and Rud-
nicki and Wu (1995), the assumption of uniform slip implies
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that deformation is concentrated at the edges of rupture. On
the other hand, variable slip in the dip direction for a dip-
slip fault, such as the Perachora fault, will result in concen-
trated deformation near the center of the rupture zone and,
hence, substantially higher vertical displacements and there-
fore higher initial tsunami amplitudes (Geist and Dmowska,
1999).

The most accurate representation of the local tsunami
wave field is therefore derived from complete knowledge of
slip distribution during the rupture process. Seismic inver-
sion simple models provide an initial assessment of real
earthquake variability with regard to the wavelengths and
scales involved in local tsunami generation. On the other
hand we cannot accept that the details of the fault rupture
tend to be smoothed out at the seafloor vertical displacement
and initial tsunami wave height in the elastic dislocation
model, a fact that might hold for deep subduction earth-
quakes but not for near-field shallow-fault tsunami modeling
as in the Perachora fault.

By holding source geometry and average slip constant
(hence, constant seismic moment), the stochastic source
model produces a wide range of slip-distribution patterns
that are consistent with the high-frequency fall-off observed
in the far-field seismic displacement spectrum denoted by
7 and with the b-value in aftershock sequences. The cor-
responding slip distribution follows a fractal scaling rela-
tionship in which the fractal exponent is linked to y (Tsai,
1997).

Since we have no information on the characteristic spec-
tral decay for eastern Corinth Gulf events, a radial wave-
number slip spectrum that falls off as k=2 is used (Herrero
and Bernard, 1994), which corresponds to the generic w?
model of Aki (1967). The phase of the slip spectrum is ran-
domized to produce slip-distribution patterns characterized
by a single region of moment release or multiple subevents
(Geist, 2005).

By holding source geometry and average slip constant,
that is, keeping a constant seismic moment, the stochastic
source model is used to examine the effect that different slip-
distribution patterns have on local tsunamis in the region of
the eastern Corinth Gulf. A flow chart depicting the meth-
odology followed in this study is presented in Figure 8.

The 2D slip distribution D(k), where k = (k,, k.), for a
rectangular fault of length L and width W can be described
(Herrero and Bernard, 1994; Gallovic, 2002) by its spatial
Fourier spectrum:

AGLW
Dl ) = L\ (kWP
K K

where Au denotes the mean slip and K is an optional param-
eter allowing consideration of generalized corner wavenum-
bers K/L and K/W. The phase spectrum ® is considered ran-
dom at any wavenumber, except for circle k> = (1/L)*> +

o Pkek)

38.14 ) 0.5
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Figure 7. Maximum water level calculated all

over the coastal zone of Corinth Gulf and at an isobath
of 8 m.

(1/W)? for which the phase is chosen in such a way as to
obtain the final slip concentrated in the center of the fault.

The slip distribution is generated in the following way
(Gallovic, 2002). Random numbers are distributed in spatial
domain on the discretized fault. This function (2D discrete
random signal) is transformed to the wavenumber Fourier
spectrum. The amplitudes of the spectrum are substituted by
the amplitude term in equation (9).

The phases inside the circle k> < (1/L)*> + (1/W)? are
changed to get the center of the whole dislocation in the
center of the fault (O(k,, k.) = —2n(k,L/2 + k. W/2)). The
other phases (which are still random) remain. The spectrum
is then transformed back to the spatial domain. This proce-
dure can return negative values of the slip in certain locations
of the fault. Such undesirable negative values are replaced
by zeros. Finally, the slip is tapered on the edges of the fault
by a double-cosine spatial window and the distribution is
normalized to conserve the given seismic moment. The K
parameter characterizes the slip roughness. The larger or
smaller K is, the more or less dramatic slip variation over
the fault is obtained.

Many investigators (e.g., Pelinovsky and Mazova,
1992; Tadepalli and Synolakis, 1996) have shown that pa-
rameters such as leading wave steepness, polarity, and am-
plitude ratio of the leading phases all have a significant effect
on tsunami run-up. The most accurate representation of the
local tsunami wave field is therefore derived from complete
knowledge of how slip is distributed throughout the area of
rupture (Geist, 2002).

The variability in tsunami amplitude in the region is
computed using rupture geometry identical with that of the
1981 m, 6.7 earthquake (e.g., Hubert et al., 1996). Different
slip distributions are calculated using the stochastic source
model (Herrero and Bernard, 1994). We take as total seismic
moment for these events the mean seismic moment reported
by various investigators (depicted in Table 1), which is es-
timated as M, 8.8 X 10'® N m.

The coseismic vertical displacement field is calculated
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Figure 8.  Flow chart depicting the basic steps of
the stochastic slip tsunami modeling procedure fol-
lowed in the present investigation.

for each stochastic slip distribution by summing up the elas-
tic dislocation expressions of Okada (1985) for each fault
element. A small grid size (Fig. 9) is used in calculating both
the slip distribution (As = 1 km) and seafloor displacement
(Ax = 0.5 km). Fault surface element dimension (As) less
than or equal to the source depth can adequately represent
the seafloor-displacement field (Geist and Dmowska, 1999
Geist, 2002).

G.-A. Tselentis, F. Gkika, and E. Sokos

n(x,y)

““ “ oS

"“.00‘-

Figure 9.  Sketch of coordinates and some flow
property definitions of the Perachora fault. Coseismic
vertical displacement of the seafloor is calculated
from variable slip within a fault plane discretized at
As. A grid size of Ax is used for the finite-difference
simulation of the tsunami propagation.

Calculations of seafloor displacements are made assum-
ing a homogeneous elastic structure (Poissons solid). The
effect of elastic inhomogeneity on surface displacements and
tsunami waveforms is not included in this study. The near-
shore tsunami amplitude values predicted in this study ig-
nore the possibility of large submarine landslides being trig-
gered by the earthquake, and this study focuses on the
tectonic sources only. A large earthquake on the Perachora
fault system could possibly generate a large landslide that
affects the steep submarine slopes and generate tsunami
wave energy additional to that of the tectonic displacement.

Figure 10 presents the synthetic mareograms calculated
at Loutraki site for two different slip distributions. The effect
of the shallow asperity model on the tsunami amplitude is
obvious. On the same figure, we also depict the histograms
of peak near-shore tsunami amplitude (PNTA) for 50 differ-
ent slip distributions at the cities of Galaxidi (GAL), Xilo-
kastro (XIL), and Loutraki (LOU) and at an isobath of 8 m.
From this example we can see that self-affined irregularities
of the slip distribution result in significant variation on the
local tsunami wave field and that a broad range of synthetic
slip-distribution patterns have to be generated by the sto-
chastic source model to reveal the variability of local tsu-
nami amplitudes in a particular region.

Judging from the preceding we can say that the problem
of forecasting tsunami hazards in a region is mainly in de-
termining the range of tsunamis that can be produced by
different combinations of source parameters. Even if all of
the geometric parameters of a “scenario earthquake” are pre-
scribed, there would be a large uncertainty in determining
the ensuing tsunami because of the difficulty in formulating
a “characteristic” slip distribution (Geist, 1999). Although
seemingly random, earthquake slip distributions can be
thought of in terms of stochastic models. Such models can
be developed to construct an infinite number of different slip
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Calculated mareograms at Loutraki (LOU) site for two different slip

distributions with K = 0.8 (shallow asperity) and K = 4 (distributed slip) but with
identical fault-plane geometry and seismic moment. Patch of shallow slip results in
considerably higher tsunami amplitudes. Histograms of Peak Near shore Tsunami Am-
plitudes (PNTA) for 50 slip scenarios are also depicted at an isobath of 8 m, for the
cities of Loutraki, Galaxidi (GAL), and Xilokastro (XIL).

scenarios that can be used to gauge the range of possible
tsunamis from an earthquake of a particular magnitude and
location by employing Monte Carlo-type simulations.

Conclusions

The purpose of this investigation was to present the re-
sults of numerical simulations of earthquake tsunamis in
eastern Corinth Gulf due to the Perachora fault and inves-

tigate how they compare with existing observations to be
used toward eliminating the tsunami risk of nearby coastal
cities.

The results obtained could be used to understand the
tsunami risk for the shores of eastern Corinth Gulf where
the coastline is densely populated and widely used for many
purposes, especially during the summer season.

Furthermore, results from this investigation stress the
importance of rupture complexity on the local tsunami wave
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field. Hence, by adopting the stochastic source model one
can generate a broad range of synthetic slip distributions and
examine the variation of expected local tsunami amplitudes
due to a specific fault.

This study indicates the importance of constructing lo-
cal tsunami hazard assessments using probabilistic tech-
niques rather than from a simplified elastic dislocation rep-
resentation of the earthquake source.
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