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the multiple fault approach. There are two tsunami inun-
dation limits on sheet 1 and in figure 14 that correspond
to the tsunami scenarios described below.

SCENARIO 1. REPEAT OF 1964 EVENT:
17 SUBFAULTS

We modeled the 1964 tsunami wave using the source
function described above. It consists of 17 subfaults,
each having its own parameters (fig 6.). We assume that
the initial displacement of the ocean surface from the
equilibrium position is equal to vertical displacement
of the ocean floor due to the earthquake rupture pro-
cess. The model doesn’t take into account the propaga-
tion of the moving rupture along the fault. We assume
here that the bottom movement was instantaneous. Then,
the model propagates this initial displacement from the
source to coastal locations through the set of embedded
grids of increasing resolution.

We tested this source function by modeling the 1964
tsunami inundation in the Kodiak Island communities.
The results are described in Suleimani and others (2002).
The comparison analysis of two different source mod-
els for the 1964 tsunami has shown that the wave
generated by the complex source model with detailed

slip distribution produces the inundation zone closest
to that observed in 1964. Paleoseismic evidence indi-
cates that 1964-style (Mw ≈ 9) events have an average
recurrence interval of 600-800 yr in the Cook Inlet re-
gion (Combellick, 1997).

SCENARIO 2. HYPOTHETICAL EVENT:
BORDER RANGES FAULT RUPTURE

This is a hypothetical earthquake that ruptures the
section of the Border Ranges fault that crosses
Kachemak Bay to the southwest of Homer (Bradley and
others, 1999; Haeussler and Saltus, in review). The Bor-
der Ranges fault is a major fault of southern Alaska. It
extends eastward from Kodiak Island to the St. Elias
Mountains (MacKevett and Plafker, 1974). It defines
the western front of the Kenai Mountains where they
rise more than 1,300 m. The hypothetical earthquake
with moment magnitude of 7.5 was modeled using three
subfaults (fig. 8); parameters are given in table 3. The
resulting surface deformation (fig. 9) was computed
using the Okada (1985) algorithm. This event has a very
low probability of occurrence; there is no historic evi-
dence of earthquakes on the Border Ranges fault, and
no geologic evidence of activity since Tertiary time.

Figure 8. Rupture area of the Border Ranges fault divided into three subfaults. Parameters of the subfaults
are presented in table 3.
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OTHER HYPOTHETICAL SOURCE
SCENARIOS NOT MODELED

We have not modeled as part of this study the inun-
dation by waves that might be generated by local
submarine or subaerial landslides, nor have we mod-
eled inundation from a debris avalanche generated by
eruption of nearby Augustine Volcano, an island in Cook
Inlet. In Troshina’s (1996) study of tsunami waves gen-
erated by the 1883 eruption of Augustine Volcano, results
of runup computations at English Bay (Nanwalek) con-
firm the historic observations, suggesting that the
numerical model described the runup process adequately.
Additionally, she showed that risk for Homer Spit from

a volcanic tsunami is strongly determined by the land-
slide volume, the speed of the slide when it enters the
water, and the direction of the slide motion. All these
parameters are unknown at this time, making it difficult
to realistically estimate the volcanigenic tsunami haz-
ard. The potential hazard from volcanigenic tsunamis
from Augustine Volcano was questioned by Waythomas
(2000). He concluded that only a very large, rapidly
moving debris avalanche that occurs at high tide could
generate a potentially damaging wave. According to
Waythomas, the lack of geologic evidence of tsunamis
from two known large debris avalanches during the past
500 years suggests that the hazard from such events is
low.

Table 3. Subfault parameters for the Border Ranges fault scenario. Displacement is up on the east side
(normal).

Length, km Width, km Strike, degrees Dip, degrees Rake, degrees Slip, m

Subfault 1 25.28 20 223.8 80 west -90 3
Subfault 2 33.78 20 204.5 80 west -90 3
Subfault 3 41 20 201 80 west -90 3

Cook 
Inlet

Kachemak B
ay

Homer

Seldovia

10 km

Figure 9. Surface deformation of the Border Ranges fault scenario, calculated
from the slip distribution given in table 3.
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Figure 10. Depths and elevations for the Homer 1-second resolution grid. Depths are negative, land elevations are positive.
Points 1–6 indicate locations of time-history measurements shown in figures 16 and 17.

INUNDATION MODELING RESULTS
We performed numerical calculations for the two

scenarios described above. In every case, the initial water
disturbance propagated through the set of embedded
grids of increasing resolution. In the two final grids of
15.7 m x 30.8 m resolution, where bathymetric and to-
pographic data are combined in a continuous data set,
we computed the extent of inundation using the moving
boundary condition. The combined bathymetry and to-
pography data sets for Homer and Seldovia runup grids
are shown in figures 10 and 11, respectively. The Homer
grid has larger area at lower elevations compared to the
Seldovia grid, where the slopes are relatively steep.
Homer Spit, the low-lying, mostly submerged glacial

moraine extending approximately 7.2 km (4.5 mi) from
the town of Homer into Kachemak Bay, is especially
vulnerable to large sea waves. In 1964, the entire spit
subsided an average of 5.3 ft (1.6 m). Part of the subsid-
ence was tectonic, and part was due to compaction of
the unconsolidated gravel (Waller, 1966). We accounted
for tectonic subsidence in the tsunami model by calcu-
lating the tectonic deformation patterns shown in Figures
7 and 9 for the high- resolution grid that includes Homer
Spit. To take into account the part of the subsidence due
to compaction, we introduced additional subsidence in
the model along the Homer Spit by increasing subsid-
ence linearly from zero at the head of the spit to 6 ft
(1.8 m) at the end of the spit.
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The numerical modeling results for
the Homer grid show that the two tsu-
nami scenarios produce, on average,
comparable inundation. In the marsh
west of Beluga Lake, the inundation zone
due to the Border Ranges fault scenario
is much smaller than the inundation zone
due to the 1964 scenario (map sheet 1).
It is explained by the Border Ranges fault
orientation with respect to this area. The
wetlands are located in the region of
maximum vertical displacement due to
the Border Ranges fault rupture (fig. 9),
and the same area has subsided accord-
ing to the 1964 earthquake scenario
surface deformation pattern (fig. 7). The
maximum depths of inundation on dry
land are shown in figures 12 and 13 for
scenarios 1 and 2, respectively. At each
grid point that corresponds to initially dry
land, the depth of inundation is computed
at every time step during the tsunami
propagation time interval (10 hours), and
the maximum value is kept. Depths of
inundation on dry land are greater for the
Border Ranges fault scenario, because
the earthquake source is very close and
there was not enough time for wave en-
ergy to dissipate.

The inundation at Seldovia is not sub-
stantial for both scenarios. The low-lying
areas to the west from Trena Lake, the
tip of the Watch Point, and sparse loca-
tions along Seldovia slough are the only
places inundated as a result of the 1964
scenario tsunami wave (fig. 14). For the
Border Ranges fault scenario, there is an
additional flooded area at Watch Point
with depths of inundation less than 2 m.
For these reasons we did not produce
maps of inundation depths for Seldovia.
Figure 15 shows the maximum worst-
case inundation from both modeled
scenarios at Seldovia.

The results of the inundation modeling imply that
the local offshore earthquake of a smaller magnitude
can generate a wave comparable to that produced by a
great megathrust earthquake.

TIME HISTORIES
In order to provide more accurate assessment of tsu-

nami hazard for any particular community, we have
supplemented the inundation maps with information
about the time history of the wave action in the region.

The time of arrival of the first wave, the wave with the
maximum amplitude, and duration of the wave action
are important factors that have to be considered by emer-
gency managers during evacuation planning. We
computed time histories of tsunami waves at six loca-
tions in the Homer grid and at five locations in the
Seldovia grid for both tsunami scenarios. These loca-
tions are shown in figure 10 and on sheet 1 for Homer,
and in figure 14 for Seldovia. The zero time corresponds
to the epicenter origin time, and the zero water level

1 km

Seldovia    Bay

Seldovia

Figure 11. Depths and elevations for the Seldovia 1-second resolution grid.
Depths are negative, land elevations are positive. Rectangle indicates
area of tsunami inundation maps in figures 14 and 15.
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Figure 12. Depths of inundation near the head of Homer spit for scenario 1.

Figure 13. Depths of inundation near the head of Homer spit for scenario 2.
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Figure 14. Tsunami inundation scenarios for Seldovia. Red line indicates maximum inundation for a repeat of the 1964
M9.2 earthquake. Yellow line indicates maximum inundation for a hypothetical M7.5 earthquake on the Border
Ranges fault. Where no yellow line is visible, it is coincident with the red line. Numbered dots are locations of time-
history measurements for figures 18 and 19.
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Figure 15. Tsunami hazard map of Seldovia. Hachured line indicates maximum estimated tsunami inundation based on
both scenarios depicted in figure 14. Hachures are on water side of line.
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corresponds to the post-earthquake MHHW level. Fig-
ure 16 shows change in sea level at six locations offshore
the Homer Spit for the modeled 1964 event and for the
Border Ranges fault scenario. The computed velocity
time histories for the same locations are shown in fig-
ure 17. The Border Ranges fault scenario produces, on
average, greater amplitudes and velocities in Homer
than the 1964 tsunami scenario. The velocity plots dem-
onstrate that current speed could be relatively high and
change rapidly. The sea level and velocity time histories
at Seldovia locations are represented in figures 18 and
19, respectively. Both Homer and Seldovia time series
for the 1964 scenario show wave action within minutes
after the earthquake. These waves could not have origi-
nated near the epicenter, which was approximately 260
km (160 mi) away. This result agrees with observations
of waves in Cook Inlet and Kachemak Bay that were
seen by several observers within 5-10 minutes after the
quake (Waller, 1966). These seiche waves probably were
generated by tectonic subsidence of Kachemak Bay.

The tsunami generated by the 1964 earthquake was
recorded on a number of tide gauges around the Pacific
Ocean. Many of these records are from Spaeth and
Berkman (1972). Also, Lander (1996) gives marigrams
from Alaska tide stations for the 1964 tsunami event.
Wilson and Torum (1968) constructed the hypothetical
marigrams based on eyewitness observations for sev-
eral locations along the affected coastline.

SOURCES OF ERROR
The source mechanism remains the biggest unknown

in the problem of tsunami modeling. Since the initial
condition for the modeling is determined by the displace-
ment of the ocean bottom, the largest source of errors is
the earthquake model. When the tsunami is generated
in the vicinity of the coast, the direction of the incoming
waves, their amplitudes, and times of arrival are deter-
mined by the initial displacements of the ocean surface
in the source area, because the distance to the shore is
too small for the waves to disperse. Therefore, the near-
field inundation modeling results are especially sensitive
to the fine structure of the tsunami source. It is much
easier to introduce errors in the modeling process when
the complexity of the source function is combined with
the proximity of the coastal zone.

Another source of error is bathymetric and topo-
graphic data used in the model. High-resolution and
up-to-date bathymetric data are not available for Homer
and Seldovia, as well as for many other Alaska commu-
nities. The source for Homer topography was the
high-resolution digital elevation model (DEM) derived
from LIDAR measurements taken in 2002. This high-
quality data set does not include Seldovia area. The

topographic data used for Seldovia modeling are the non-
standard 10-meter DEMs that were derived by digitizing
the existing USGS map products. Data points that fall
between elevation contours are interpolated using dif-
ferent algorithms. As a result, the elevation data points
that are closer to the contour lines have higher level of
vertical accuracy, with the points in the middle having
the lowest accuracy of half the contour interval. Unfor-
tunately, we were not able to acquire digital topographic
data for Seldovia of a higher level of resolution and ac-
curacy. On the other hand, in order to take advantage of
higher resolution topographic data, we would need to
splice them with the bathymetric data of the same level
of resolution and accuracy. That imposes a limit on the
quality of the combined data set, because a new bathy-
metric survey must be completed in order to substantially
improve the resolution of bathymetric data.

The resolution of the grids that are used for inunda-
tion modeling is 15.7 m by 30.8 m (at 59°35' latitude). It
is limited by the resolution of the topographic and bathy-
metric data used for the grid construction. This resolu-
tion is high enough to describe major relief features,
although there are some important structures that can-
not be resolved by this grid. For example, we modeled
breakwaters as artificial walls between two adjacent grid
points. Obviously, buildings and other facilities also
cannot be accurately resolved by the existing model.

Myers (1998) has shown that the effect of grid re-
finement leads to energy loss in numerically propagated
waves. To test the energy conservation properties of the
numerical algorithm, we replaced the open boundaries
of the 2-minute grid that covers the Gulf of Alaska with
closed land boundaries. This way, energy generated by
the initial disturbance of the ocean surface ideally can-
not radiate out of the domain and will be conserved.
Since the closed land boundaries are not totally reflec-
tive, small energy leaks are expected in the system. At
every grid point, we calculated the total energy of the
water column, and integrated over the entire domain.
After 5 hours of tsunami propagation, the energy con-
servation error remained within 6 percent. When the
major tectonic wave reaches Kachemak Bay in about
2 hours after the earthquake, the energy loss is within
3 percent. Myers (1998) also points out that other fac-
tors contribute to energy loss in numerical models, such
as shallow water assumptions, selection of numerical
parameters, and truncation errors.

SUMMARY
We present the results of numerical modeling of tsu-

nami waves for the Kachemak Bay communities of Homer
and Seldovia. We considered two earthquake scenarios
and provided an estimate of maximum credible tsunami



Tsunami hazard maps of the Homer and Seldovia areas, Alaska 17

Fi
gu

re
 1

6.
 T

im
e 

hi
st

or
ie

s 
of

 m
od

el
ed

 ts
un

am
i w

av
es

 a
t s

ix
 lo

ca
tio

ns
 o

ffs
ho

re
H

om
er

 S
pi

t (
po

in
ts

 1
–6

 in
 fi

g.
 1

0 
an

d 
on

 sh
ee

t 1
). 

10
0 

cm
 =

 3
.3

 ft
. T

he
 ze

ro
va

lu
e 

of
 se

a 
le

ve
l c

or
re

sp
on

ds
 to

 th
e 

po
st

-e
ar

th
qu

ak
e 

M
H

H
W

 le
ve

l.

1
2

3



18 Report of Investigations 2005-2

Fi
gu

re
 1

6–
co

nt
in

ue
d.

 T
im

e 
hi

st
or

ie
s o

f m
od

el
ed

 ts
un

am
i w

av
es

 a
t s

ix
 lo

ca
tio

ns
of

fs
ho

re
 H

om
er

 S
pi

t (
po

in
ts

 1
–6

 in
 fi

g.
 1

0 
an

d 
on

 sh
ee

t 1
). 

10
0 

cm
 =

 3
.3

 ft
.

Th
e 

ze
ro

 v
al

ue
 o

f s
ea

 le
ve

l c
or

re
sp

on
ds

 to
 th

e 
po

st
-e

ar
th

qu
ak

e 
M

H
H

W
le

ve
l.

4
5

6



Tsunami hazard maps of the Homer and Seldovia areas, Alaska 19

Fi
gu

re
 1

7.
 V

el
oc

ity
 ti

m
e 

hi
st

or
ie

s 
at

 s
ix

 lo
ca

tio
ns

 o
ffs

ho
re

 H
om

er
 S

pi
t (

po
in

ts
1–

6 
in

 fi
g.

 1
0 

an
d 

on
 sh

ee
t 1

). 
1 

m
/s

ec
 =

 1
.9

4 
kn

ot
s.

1
2

3



20 Report of Investigations 2005-2

Fi
gu

re
 1

7–
co

nt
in

ue
d.

 V
el

oc
ity

 ti
m

e 
hi

st
or

ie
s 

at
 s

ix
 lo

ca
tio

ns
 o

ffs
ho

re
 H

om
er

Sp
it 

(p
oi

nt
s 1

–6
 in

 fi
g.

 1
0 

an
d 

on
 sh

ee
t 1

). 
1 

m
/s

ec
 =

 1
.9

4 
kn

ot
s.

4
5

6



Tsunami hazard maps of the Homer and Seldovia areas, Alaska 21

Fi
gu

re
 1

8.
 T

im
e 

hi
st

or
ie

s 
of

 m
od

el
ed

 ts
un

am
i w

av
es

 a
t f

iv
e 

lo
ca

tio
ns

 o
ffs

ho
re

Se
ld

ov
ia

 (p
oi

nt
s 1

–5
 in

 fi
g.

 1
4)

. 1
00

 c
m

 =
 3

.3
 ft

. T
he

 ze
ro

 v
al

ue
 o

f s
ea

 le
ve

l
co

rr
es

po
nd

s t
o 

th
e 

po
st

-e
ar

th
qu

ak
e 

M
H

H
W

 le
ve

l.

1
2

3



22 Report of Investigations 2005-2

Fi
gu

re
 1

8–
co

nt
in

ue
d.

 T
im

e 
hi

st
or

ie
s o

f m
od

el
ed

 ts
un

am
i w

av
es

 a
t f

iv
e 

lo
ca

tio
ns

 o
ffs

ho
re

 S
el

do
vi

a 
(p

oi
nt

s 1
–5

 in
 fi

g.
 1

4)
. 1

00
 c

m
 =

 3
.3

 ft
. T

he
 ze

ro
 v

al
ue

 o
f s

ea
 le

ve
l c

or
re

sp
on

ds
 to

th
e 

po
st

-e
ar

th
qu

ak
e 

M
H

H
W

 le
ve

l.

5
4



Tsunami hazard maps of the Homer and Seldovia areas, Alaska 23

Fi
gu

re
 1

9.
 V

el
oc

ity
 ti

m
e 

hi
st

or
ie

s 
at

 fi
ve

 lo
ca

tio
ns

 o
ffs

ho
re

 S
el

do
vi

a 
(p

oi
nt

s
1–

5 
in

 fi
g.

 1
4)

. 1
 m

/s
ec

 =
 1

.9
4 

kn
ot

s.

1
2

3



24 Report of Investigations 2005-2

Fi
gu

re
 1

9–
co

nt
in

ue
d.

 V
el

oc
ity

 ti
m

e 
hi

st
or

ie
s a

t f
iv

e 
lo

ca
tio

ns
 o

ffs
ho

re
 S

el
do

vi
a 

(p
oi

nt
s 1

–5
 in

 fi
g.

 1
4)

. 1
 m

/s
ec

 =
 1

.9
4 

kn
ot

s.

5
4



Tsunami hazard maps of the Homer and Seldovia areas, Alaska 25

inundation. We did not model as part of this study the
inundation by waves that might be generated by local
submarine or subaerial landslides, nor did we model
inundation from a debris avalanche generated by erup-
tion of nearby Augustine Volcano.

Neither of the modeled scenarios results in inunda-
tion of the entire Homer Spit. However, it is important
to note that the Border Ranges fault scenario results in
flooding of a portion of the spit and the road for a dis-
tance of approximately 0.3 mi (0.5 km) near the head of
the spit. Because this flooding may occur repeatedly
during a tsunami, it is possible that the road may be
washed out, cutting off the evacuation route from the
spit. Even though our numerical modeling does not show
inundation of the entire spit for the scenarios we used,
we recommend that evacuation of the spit be a manda-
tory part of any tsunami evacuation plan.

These results are useful for state and local emergency
managers to identify areas that should be evacuated in
the event of a major tsunamigenic earthquake. Because
of the uncertainties inherent in this type of modeling,
these results are not intended for land-use regulation.
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Appendix I
Vertical Datum Conversions for Homer and Seldovia, Alaska

The following table provides a listing of the available benchmarks in the Homer and Seldovia area that have been
referenced to one or more datums by the National Geodetic Survey (NGS) and the Center for Operational Oceano-
graphic Products and Services (CO-OPS).  This information was used to convert various data sources to a single
vertical datum for grid computation and was gathered from the NGS and CO-OPS websites: http://
www.ngs.noaa.gov/ and http://www.co-ops.nos.noaa.gov/.

945-5500 Seldovia, Cook Inlet, AK
59 26.4' N, 151 43.2' W Tidal datum of Seldovia, Cook Inlet based on:
NOAA Chart: 16646 Length of Series: 5 yr
USGS Quad: Seldovia B-5 Time Period: January 1994-1998
Publication Date: 11/02/99 Tidal Epoch: 1960-1978

Control Tide Station: SELDOVIA

CO-OPS Benchmarks PID# Benchmark in meters above:
MLLW MHW

HOWL (10/15/1966) 7.647 meters BM 19 1967 9.043 3.807
MHHW 5.480 NO 13 1964 8.209 2.973
MHW 5.236 NO 20 1968 9.012 3.776
MSL 2.899 PM-2 1967 8.942 3.706
MTL 2.874 TIDAL BM 30 10.011 4.775
MLW 0.512 5500 A 1982 11.109 5.873
MLLW 0.000 5500 B 1982 11.113 5.877
LOWL (01/29/1979) -1.830 5500 C 1982 9.620 4.384

5500 D 1982 9.613 4.377
5500 E 1987 8.943 3.707

Seldovia tidal datum does not have connection to Geodetic datum

945-5557 Homer, Cook Inlet, AK
59 36.2' N, 151 25.2' W Tidal datum of Homer, Cook Inlet based on:
NOAA Chart: 16640 Length of Series: 2 yr
USGS Quad: Seldovia C-4 Time Period: 1966-1967
Publication Date: 11/01/84 Tidal Epoch: 1960-1978

Control Tide Station: SELDOVIA (9455500)

CO-OPS Benchmarks PID# Benchmark in meters above:
MLLW MHW

HOWL
(10/15/1966) 7.681 meters 5557 A 1979 7.934 2.618
MHHW 5.566 5557 B 1979 7.964 2.649
MHW 5.316 TT0174 B 103 1965 7.934 2.618
MTL 2.905 BM 6 1965 8.056 2.740
MLW 0.497 BM 7 1973 9.565 4.249
MLLW 0.000 TT0175 C 103 1965 7.952 2.637
LOWL HOMER EAST
(04/25/1967) -1.859 TT0171 B 9.190 3.874
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NGS Data Sheets
59° 36' 02" N, 151 25' 00" W

TT0171 (NAD83) NAVD88 7.950 meters
NGVD29 6.215 meters

59° 36' 06" N, 151 24' 42" W
TT0174 (NAD83) NAVD88 6.706 meters

NGVD29 4.971 meters
59° 36' 00" N, 151 24' 36" W

TT0175 (NAD83) NAVD 88 6.743 meters
NGVD29 5.008 meters

NGS data sheet TT0171 TT0174 TT0175 AVG
MHHW 5.566 5.566 5.566 5.566
MHW 5.316 5.316 5.316 5.316
NGVD29 2.975 2.963 2.944 2.961
MTL 2.905 2.905 2.905 2.905
NAVD88 1.240 1.228 1.209 1.226
MLW 0.497 0.497 0.497 0.497
MLLW 0.000 0.000 0.000 0.000

Apply Homer average to Seldovia w/ comparison Homer/Seldovia Comparison

Seldovia (1999) 0.080 (MHW Comparison)
MHHW 5.480
MHW 5.236
MSL 2.899
NGVD29 2.881
MTL 2.874
NAVD88 1.146


