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COMPUTATION OF TSUNAMI AMPLITUDES RESULTING FROM A PREDICTED
MAJOR EARTHQUAKE IN THE SHUMAGIN SEISMIC GAP
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Abstract. A time-dependent two-dimensional numerical model
was developed to study the generation and propagation of a
tsunami resulting from a major earthquake predicted to occur in
the Shumagin Seismic Gap area of the eastern part of the
Aleutian Island chain, The grid size is approximately 28 km in
the latitudinal direction and 36 km in the longitudinal direc-
tion. The leading wave of the tsunami took only about three
hours to arrive at the southern British Columbia coast and the
northern part of the coast of the state of Washington., On the
other hand, it took about eight hours to propagate into the
Bering Sea. Two important results emerged from this study.
The tsunami waves show very strong directionality, and the
presence of the so-called lateral waves can be inferred. In the
deep ocean, tsunami amplitudes up to one meter appear to
occur.  To deduce the detailed distribution of the tsunami
amplitudes at the coast, the present large arca mode] has (o be
coupled to a coastal model which uses either finer rectangular
grids or irregular triangular grids.

Introduction

Three major seismic gaps— Yakataga, Shumagin and Unalaska
(Figure 1) have been identified by Sykes [1971] and Kelleher
et al, [1973] along the southern coastal belt of Alaska-Aleutian
region, Howewver, due to a lack of reliable historical earthquake
data for this region, the available estimates of repeat time varies
widely in the range of 60 to 1000 vears. On the basis of an
average value of & em/vear for the plate motion, a repeat time
of 200 years has been estimated by Kanamer [1977] for the
ahove region,

Despite a general uncertainty in the estimation of repeat times
as mentioned above, an examination of the available carthquake

cataloe for Alaska [Cox et al,, 1976] shows that three strong
earthguakes {in the years 1788, 1847 and 1903) have oceurred
within the area identified as the Shumagin Gap, Sykes [1971],
Kelleher et al, [1973], Davies ot al. [1981] and Beavan ct al.
[1983] therefore suggested the possibility of occurrence of a
major earthquake within the Shumagin Gap in the next two
decades, It is expected that the moment magnitude M, of the
earthguake will be about 8.4. The most recent paper on this
topic is by Jacob [1984] in which a high probability is given to
the occurrence of a major earthquake in the Shumagin Gap.

Although the direct effects of such an earthquake will be con-
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fined to the Aleutians and some parts of Alaska, there is no
doubt that an earthguake of this magnitude (about the same as
the Alaska earthguake of March 28, 1964) will generate a major
tsunami that will travel across the Pacific Ocean to various coast-
lines, Our aim here is (o simulate the tsunami waves that might
result from this predicted large earthquake. This will be done in
two stages, Tn the first stage we simulate the generation of the
tsunami and its propagation in the deep ocean, These calcula-
tions can be performed on a relatively coarse grid such as that
shown in Figure 2. These deep water signatures [ Murty, 1977,
Saxena, 1983; Zielinski and Saxena, 1983] will provide bound-
ary conditions for a coastal model which uses a finer grid. Here
we report the results from the first phase of the study, the work
on the second phase is in progress at present.

We believe that the amplitudes of the tsunami waves shown
below are accurate for the deep water and are under-estimates
for the coastal region, Later computations with a finer grid for
the coast will most probably give values of tsunami amplitudes
somewhat greater than shown here for the coast, Traditionally
for impulsive earthguakes (i.e., earthquakes in which the bot-
tom motion is completed within a few seconds), the initial
water surface wave amplitude is taken equal to the vertical am-
plitude of the bottom motion [Murty, 1977]. The tsunami
travel times computed here are believed to be accurate,

The Numerical Madel

The equations of motion and continuity in a spherical polar
coordinate system are [e.g., see Murty, 1984]

L S TN SO (1)
it H Rcosg dh
@FAIRBANKS

ALASKA
ANCHORAGE

SEWARD

Eﬁmmx

PSHUMAGIN ISLANDS

%UNQ LASKA

Fig. 1. Seismic gaps in the Alaska-Aleutians area,

TAKATAGA

1243




AT

EO0°N

5.50

10l o

45° b
1go" ITQe 160 150
Fig. 2. The grid for the numerical model,

130w

|40°

av KV g oy

LU+t + £ S = 2

= L = R 3% 0 (2]
1 ] ] : A

e R S Y =

Ticced o, fl]l}+a¢| (T 00$¢}+at 0 (3

Here W is the east longitude, ¢ is the north latitude, R is the
radius of the earth, £ is the coriolis parameter, g is gravity,
H{x, & is the water depth in the equilibrium state and 5 is the
deviation of the free surface from the equilibrium level; here U
and WV are the east and north components of the depth-averaged
currents, t is time and K is a linear bottom friction coefficient.

In this deep oczan model, we have not included the nonlinear
gdvective terms and the horizontal frictional terms, since these
terms are expected to make no significant contribution, As for
the boundary conditions, a radiation condition was used at the
open boundaries and at the shore the normal velocity is equated
to zero. The grid scheme and the finite-ditference forms used
here are similar to those in Bamming and Kowalik [1980], The
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Fiz. 3, Tsunami travel-time contours, The dark area shows the
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Fig. 4. Distribution of the maximum amplitude of the tsunami
{cm).

model 15 calibrated against tides and storm surges in the polar
regions [Kowalik and Matthews, 1982], Since tsunamis are
long gravity waves such as tides and storm surges, the model
calibration is believed to be valid for tsunamis also,

Discussion of Results

Figure 3 shows the travel time curves, The hatched area is the
carthquake source. A vertical displacement of 10 m was assumed
for the bottom motion, somewhat similar to the Alaska earth-
quake of March 1964, It can be seen that the tsunami travelled
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Fig. 5. Computed (sunami amplitudes (cm) as a function of
time at Seward, Alaska. Zero time refers to the instant of
tsunami generation.
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Here W is the east longitude, ¢ is the north latitude, R is the
radius of the earth, £ is the coriolis parameter, g is gravity,
H{x, & is the water depth in the equilibrium state and 5 is the
deviation of the free surface from the equilibrium level; here U
and WV are the east and north components of the depth-averaged
currents, t is time and K is a linear bottom friction coefficient.

In this deep ocean model, we have not included the nonlinear
gdvective terms and the horizontal frictional terms, since these
terms are expected to make no significant contribution, As for
the boundary conditions, a radiation condition was used at the
open boundaries and at the shore the normal velocity is equated
to zero. The grid scheme and the finite-ditference forms used
here are similar to those in Bamming and Kowalik [1980], The
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model 15 calibrated against tides and storm surges in the polar
regions [Kowalik and Matthews, 1982], Since tsunamis are
long gravity waves such as tides and storm surges, the model
calibration is believed to be valid for tsunamis also,

Discussion of Results

Figure 3 shows the travel time curves, The hatched area is the
carthquake source. A vertical displacement of 10 m was assumed
for the bottom motion, somewhat similar to the Alaska earth-
quake of March 1964, It can be seen that the tsunami travelled
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Fig. 6. Computed tsunami amplitudes as a function of time at
Valdez, Alaska,

fastest in the deep ocean towards south, southwest and south-
east, Whereas it only took about three hours for the tsunami (o
arrive near the coast of the State of Washington, it took about
five hours to penetrate into Cook Inlet and more than eight
hours to propagate into the shallow Bering Sea,

To study the directional propertics of tsunami amplitude dis-
tribution, at each grid point, the amplitudes were compared
throughout the duration of the computation and the highest
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Fiz. 7. Computed tsunami amplitudes as a funciion of time al
Prince Rupert, British Columbia, Canada.
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Fig. 8. Computed tsunami amplitudes as a function of time at
the mouth of the Juan de Fuca Strait.

amplitude was tabulated. The distribution of this amplitude,
which we shall call a maximum amplitude, is plotted in Figure 4,
It can be seen that the greatest values of the maximum amplitude
of up to L3 m in the deep ocean occur in a zone directly south
of the Shumagin Gap and are centered on the 160°W longitude.
Mote that the 160°W longitude also intersects the Hawaiian
Islands, Thus one of the important results of this study is that
the tsunami energy shows strong directionality; the tsunami not
only travels faster towards Hawaii, but a substantial portion of
the tsunami energy may be radiated in that direction, Another
result is that the effects of the so-called lateral waves [Murty
and Loomis, 19831 can be scen in the Gulf of Alaska-Cook
Inlet area.

Figures 5 to 8 respectively show the computed tsunami ampli-
tudes at Seward, Valdez, Prince Rupert (British Columbia) and
mouth of the Juan de Fuca Strait. As pointed out above, these
amplitudes might be somewhat under-estimated by the crude
arid model, In any case, the tsunami ranges shown here (for
example, the range at Valdez is about 2.10 m) are quite signifi-
cant and are capable of causing destruction, especially if the
peak tsunami (largest wave) arrives al the time of high tide,
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