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Abstract—Major earthquakes occurred in the region of the Central Kuril Islands on November 15, 2006
(M,, = 8.3) and January 13,2007 (M,, = 8.1). These earthquakes generated strong tsunamis recorded throughout
the entire Pacific Ocean. The first was the strongest trans-Pacific tsunami of the past 42 years (since the Alaska
tsunami in 1964). The high probability of a strong earthquake (M,, = 8.5) and associated destructive tsunami
occurring in this region was predicted earlier. The most probable earthquake source region was investigated and
possible scenarios for the tsunami generation were modeled. Investigations of the events that occurred on
November 15, 2006, and January 13, 2007, enabled us to estimate the validity of the forecast and compare the
parameters of the forecasted and observed earthquakes and tsunamis. In this paper, we discuss the concept of
“seismic gaps,” which formed the basis for the forecast of these events, and put forward further assumptions
about the expected seismic activity in the region. We investigate the efficiency of the tsunami warning services
and estimate the statistical parameters for the observed tsunami waves that struck the Far Eastern coast of Rus-
sia and Northern Japan. The propagation and transformation of the 2006 and 2007 tsunamis are studied using

numerical hydrodynamic modeling. The spatial characteristics of the two events are compared.

DOI: 10.1134/S0001437009020027

1. INTRODUCTION

On November 15, 2006, at 11:14 UTC, a strong
(magnitude M,, = 8.3) tsunamigenic earthquake
occurred in the vicinity of the Central Kuril Islands.
The epicenter of the earthquake was located at the con-
tinental slope of the deep Kuril-Kamchatka Trench, approx-
imately 90 km southeast of Simushir Island (Fig. 1). The
earthquake generated a trans-Pacific tsunami that was
recorded throughout the entire Pacific Ocean, including
the coasts of Japan, the Hawaiian Islands, Alaska, Can-
ada, Peru, Chile, New Zealand, and the west coast of
the USA [28, 34, 44, 48]. Fortunately, this tsunami (as
well as the earthquake) did not cause any casualties.
However, based on the fact that the tsunami spanned the
entire Pacific Ocean and impacted regions highly
remote from the source (in particular, Crescent City,
California, located 6600 km from the epicenter of the
earthquake [34, 50]), this tsunami is considered the
strongest event of its type to be observed in the Pacific
Ocean within the past 42 years since the catastrophic
Alaska tsunami of March 28, 1964.

It is worth noting that the tsunami of November 15,
2006 (the First Simushir tsunami) was one of the first
major tsunamis in the Pacific Ocean to have occurred in
the “instrumental era.” It was recorded with high accu-
racy by numerous digital coastal tide gauges and by

deep-water DART! stations located in the open Pacific
Ocean. The tsunami occurred fewer than two years
after the catastrophic earthquake and tsunami of
December 26, 2004 in the Indian Ocean, which caused
unprecedented destruction and casualties. A conse-
quence of the 2004 event was a marked increase in tsu-
nami research [1, 13, 40, 47, 49]. What makes the earth-
quake and tsunami of 2006 unique is that the high prob-
ability of an imminent event in the region of the Central
Kuril Islands was predicted in advance [9, 10, 14], and
the likely earthquake source region pre-investigated.
Different scenarios for the formation and propagation

U DART is an acronym for Deep-Ocean Assessment and Reporting
of Tsunamis, a deep-water system of stations deployed by the
United States along seismic active regions of the Pacific Ocean to
monitor tsunami waves.
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Fig. 1. Map of the deep Kuril-Kamchatka Trench and adjacent regions. Asterisks denote the location of earthquake epicenters for
the November 15, 2006 and January 13, 2007 earthquakes; circles denote the location of tide gauge stations; the thick dashed line
shows the axis of the trench. Thin solid and dashed lines show calculated isochrones (hours) of the earthquake generated tsunami

wave travel time for November 15, 2006.

of tsunami waves were modeled in advance [9, 15, 36].
Thus, for the first time in the field of tsunami research
an event began to be investigated before it actually hap-
pened.

On January 13, 2007, two months after the Novem-
ber 15, 2006 earthquake, another earthquake of similar
magnitude (M,, = 8.1) occurred in the region of the Cen-
tral Kuril Islands (the Second Simushir earthquake).
The epicenter of the main shock was located on the oce-
anic side of the Kuril-Kamchatka Trench approxi-
mately 100 km to the east of the epicenter of the earth-
quake of November 15, 2006 within the limits of the
lithospheric plate (Fig. 1). Despite the close proximity
of the source zones and doubtless correlation between
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the two events, the seismic parameters of the second
earthquake differed significantly from those of the ear-
lier earthquake. The earthquake of January 13, 2007
also generated a trans-Pacific tsunami, which was reli-
ably recorded in the Kuril Islands, Japan, Hawaii and
the Aleutian Islands, as well as at the coasts of Alaska,
British Columbia, Oregon, California, Peru, and Chile
[28, 44, 48]. However, differences in the seismic source
generation mechanisms resulted in marked differences
in the tsunami wave parameters, in particular, in the
sign of the first wave propagating into the open ocean.
This wave was positive for the tsunami of 2006 and
negative for the tsunami of 2007.
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The earthquake on January 13, 2007 was not pre-
dicted, although it might have been possible to foresee
this event based on some general considerations: events
of this type, consisting of strong repeated shocks fol-
lowing a major earthquake, frequently occur within
oceanic plates in subduction zones characterized by
strong cohesion between the interacting plates [24]. In
general, strong double seismic events are frequent
occurrences: for example, the catastrophic earthquake
of December 26, 2004 (M,, = 9.3) in the vicinity of
North Sumatra (Indian Ocean) was followed by the
earthquake of March 28, 2005 (M,, = 8.7) in the same
region [1, 40]; and the Urup earthquake of October 13,
1963 (M,, = 8.3) was followed by the earthquake of
October 20, 1963 (M,,=17.9) [18, 26].

The primary objective of the present study is to pro-
vide comparative analyses between the earthquakes and
tsunamis of November 15, 2006 and January 13, 2007.
Attention is mainly focused on the near zone, including
regions of the Kuril Islands and Japan. Some results
from this analysis are reported in [16].

2. THE CONCEPT OF SEISMIC GAPS
AND EARTHQUAKE FORECAST

The catastrophic tsunami of December 26, 2004 in
the Indian Ocean was generated by an exceptionally
intense earthquake (M,, = 9.3) which, in the history of
instrumental observations (from the beginning of the
20th century), was second in magnitude only to the
Chilean earthquake of May 22, 1960 (M,, = 9.5) [47].
The earthquake and tsunami of 2004 led to many ques-
tions, among which the most frequent ones are proba-
bly the following: Why was this earthquake and associ-
ated tsunami so strong? Why did the earthquake occur
precisely in this particular region near the northwestern
coast of Sumatra Island? Where will the next cata-
strophic earthquake and tsunami occur?

Analysis carried out in 2005 at the Institute of
Oceanology, Russian Academy of Sciences (I0 RAN)
demonstrates that the central and eastern parts of the
Sunda Islands Arc in the Indian Ocean have been the
source of numerous strong earthquakes within the past
150 years. In contrast, no earthquakes of comparable
strength have been observed over the same time period
in the northern part of the arc or in the zone of the Nico-
bar and Andaman Islands that continues the arc to the
north (the location of the earthquake source on Decem-
ber 26, 2004). As a result, considerable elastic deforma-
tional energy had been accumulating in this region
prior to the earthquake. This energy was released on
December 26, 2004 [10, 13, 14].

Seismically active regions of the world are located
mainly near island arcs and ocean margins. Subsets of
these regions where strong earthquakes have not
occurred for considerable time (the so-called “zones of
seismic silence” or “seismic gaps”) have a high proba-
bility for a catastrophic earthquake [21, 37, 38]. The

enormous elastic energy that has accumulated in these
zones as a result of long-term interaction between litho-
spheric plates is ready to release at any moment. An
effective method for the long-term forecasting of strong
earthquakes and related tsunamis is based on locating
of seismic gaps and then estimating their seismic poten-
tial [12, 21]. For example, the authors of [43] found a
major seismic gap located between 15° and 24°S on the
basis seismic data for the coast of South America from
1552 to 1999. Strong earthquakes occurred repeatedly
in this region (namely in 1604, 1705, 1868, and 1877)
and were accompanied by destructive tsunamis (with
wave heights from 8 to 24 m). The authors of [43] sug-
gested that a tsunamigenic event was imminent for this
region and wrote that “...... This region has high poten-
tial for a major earthquake of magnitude greater than
8.0...Tsunamis with wave heights of about 16 m ... are
likely to occur in the near future”. The article was sub-
mitted in March 2001; three months later on June 23,
2001, a catastrophic earthquake occurred in this region
(M,= 8.4). The recorded tsunami runup at the coast
from this event exceeded 9 m [8, 35].

Investigation of zones of high seismic risk in the
Pacific Ocean show that one of the largest and most per-
sistent seismic gaps is located in the central sector of
the Kuril-Kamchatka subduction zone. According to the
seismic tectonic characteristics of the region, this gap is
similar to the one which existed up to December 2004 in
the northern part of the Sunda Arc [9, 10, 13, 14]. The
existence of three seismic gaps in the Kuril-Kamchatka
zone (southwestern, northeastern, and central) was
determined by S.A. Fedotov more than 40 years ago
[20]. By 2005, the first two gaps had experienced strong
earthquakes over the period 1965-2004 (Fig. 2), while
the central gap continued to be “silent”. This gap,
which extended in the northeastern direction more than
300 km beginning from the southern extremity of
Simushir Island, was bounded in the southwest by the
source region for the intense earthquake of 1918 and in
the northeast by the source region for the earthquake of
1915 (Fig. 2). Strong earthquakes within the gap had
not occurred for more than 150 years. According to the
data in [21], the characteristic duration of seismic
cycles in this zone is 140 £ 60 years. As emphasized in
[9, 10, 14], the probability of a catastrophic earthquake
and related tsunami within the Central Kuril seismic
gap is therefore extremely high. This region requires
active research and permanent geophysical monitoring.

During August to September 2005 and 2006, the
Russian Academy of Sciences organized two geophys-
ical expeditions onboard the R/V Akademik Lavrentiev
to study the seismic gap. During these expeditions, the
structure of the subduction zone in the vicinity of the
Central Kuril gap was studied, regions of transversal
fractures were distinguished, and seismic, gravimetric,
magnetic, and bathymetric profiling of the region were
carried out (the main results of the 2005 expedition are
presented in [10]). The investigations carried out during
these two expeditions confirmed the high seismic
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potential of the central part of the Kuril Islands Arc and
demonstrated that the zone is divided by transversal
fractures into a series of small blocks (like keys on a
keyboard). On this basis, the strength of the anticipated
earthquake depends on the number of “keys” acting
simultaneously. A specified key model for earthquake
occurrence in subduction zones was used for prognos-
tic calculations of the resulting tsunami [12]. Different
versions of the key motions were considered and differ-
ent scenarios of the possible source were analyzed
[9, 15, 36].

As forecast, the earthquakes of November 15, 2006
and January 13, 2007 occurred exactly within the Cen-
tral Kuril gap (Fig. 2). Therefore, the situation with
respect to the Simushir earthquakes and tsunamis in
2006 and 2007 is quite unique: strong earthquake and
tsunami were predicted, two expeditions were carried
out in the forecasted source zone during the period pre-
ceding these events, and the results of these expeditions
were used to construct prognostic models of earth-
quakes and tsunamis.

3. PROGNOSTIC TSUNAMI MODELING
IN THE CENTRAL KURIL ISLANDS REGION

Numerical modeling of possible destructive tsuna-
mis due to a source located in the Central Kuril Islands
region was conducted for the northwestern part of the
Pacific Ocean including the Sea of Okhotsk [9, 36]. The
computational domain was delineated by the rectangle
40.0°-60.0°N, 140.0°-165.0°E (Fig. 1). The ETOPO-6.2
[46] bathymetric database with 2-minute latitude and
longitude resolution was used.

The numerical model is based on a version of the
well-known TUNAMI programming code for numeri-
cal calculations of tsunami wave propagation [31], in
which finite-difference approximations of the linear
shallow water equations are undertaken in Mercator
projection coordinates [27]:

a_c cosQo[dU 1 d(Vcos@)] _ .

ot cosq)[ax * cos¢  dy ] =0 W
oU _ cos@y =
5 = _COS(PghVC, (2

where ¢ and @, are the current and “mean” latitudes; x,
y are the zonal and meridional coordinates, respec-
tively; U is the horizontal fluid flux vector integrated
over depth (h); C is the deviation of the free surface from
its mean; g is the acceleration due to gravity; and ¢ is
time. We solve the Cauchy problem whereby we
assume that at the initial time, ¢ = 0, the fluid is at rest
and the initial deviation of the free surface of the ocean
is specified as {y(x,y). At the free boundary I the radia-
tion condition is given by the relation between the nor-
mal component of U, and level C:

U, = {Jgh, 3)
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Fig. 2. Source regions of the strongest earthquakes (M,, = 8)
in the Kuril-Kamchatka zone for the period 1900-2005
plotted using different catalogue data: solid lines denote
reliable contour lines; dashed lines denote unreliable con-
tour lines; numerals show the year of earthquake occur-
rence. straight dashed lines denote the limits of the seismic
gap in the region of the Central Kuril Islands; asterisks
denote epicenters of earthquakes on November 15, 2006
and January 13, 2007; gray rectangles denote the contours
of source regions of these earthquakes based on the data in
[32, 33]; gray solid line is the axis of the deep Kuril-Kam-
chatka Trench.

while at the coastal boundary G we specify the zero flux
condition:

U, =0 atG. 4)

The calculations were carried out for several scenar-
ios of the hypothetical source with different numbers
and types of key-type motions. The details of these cal-
culations are presented in [9, 15]. The time step was
chosen to be 2 s, which approximately corresponds to
1/3 of the value required by the Courant stability crite-
rion. A version of the model based on a dipole source
region (see the inset in Fig. 3) was selected as the main
source region. We further assumed that the source was
located along the landward (island) slope of the Kuril-
Kamchatka Trench. The total length of the source is
about 400 km, and its width is 80 km. The maximum
deviations of the sea bottom are +6 m (elevation at the
outer “oceanic” side of the dipole source) and —2 m
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Fig. 3. Maximum simulated amplitudes of a “hypothetical” tsunami with a source in the vicinity of the Central Kuril Islands. The

initial tsunami source is shown in the inset (elevation is denoted wit

h solid lines, depression is shown with dashed lines). Simulated

tsunami records are shown for different coastal sites of Sakhalin and the Kuril Islands.

(depression at the inner “island” side of the dipole
source). This is the “worst realistic” scenario for the
source in the sense that all “keys” are active in the
“silent zone” of the seismic gap. The scenario is also
realistic in terms of our specification of the initial devi-
ation parameters for an M,, = 8.5 magnitude earthquake,
the magnitude indicated in [9] as most probable.

Results of the model calculations are shown in Fig. 3.
According to these findings, the main tsunami energy is
directed to the southeast toward the Hawaiian Islands.
However, a significant part of the energy also propa-
gates into the Sea of Okhotsk through the deep Bussol
and Kruzenstern straits and reaches the eastern coast of
Sakhalin Island and major oil- and gas-producing com-
plexes on the shelf. According to the calculations, the
heights of tsunami waves at these platforms and pipe-
lines can exceed 4 m (see simulated tsunami records for
platforms PA-B (Piltun-Askhotskaya) and Lun-A (Lun-
skaya) in Fig. 3). It is clear that waves of such height at
the Sakhalin coast are a serious threat and would lead
to ecological devastation. Tsunami waves propagating

to the northwest can reach the Magadan region. These
calculations are confirmed by historical data. For exam-
ple, during the Chilean tsunami of May 22, 1960, a tide
gauge in Magadan recorded a maximum tsunami wave
height of 267 cm while actual wave heights in
Nagayevskaya Bay were observed to exceed 4-4.5 m [7].

A map of the predicted maximum tsunami height
distribution (Fig. 3) shows that the highest wave heights
should be observed in the immediate vicinity of the
source, on the coasts of Simushir, Ketoy, and Matua
islands, and on the northern coast of Urup Island.

4. SEISMIC CHARACTERISTICS
OF THE EARTHQUAKES OF NOVEMBER 15,
2006 AND JANUARY 13, 2007

The epicenter of the November 15, 2006 (M,, = 8.3)
earthquake was located on the island slope of the Kuril-
Kamchatka Trench (Fig. 1 and 4a). The tsunami source
had a dipole shape with seafloor uplift on the outer oce-
anic side and seafloor depression on the inner (island)
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Fig. 4. Distribution of earthquake aftershocks (mb > 4.5) for the (a) November 15, 2006 and (b) January 13, 2007 earthquakes for
two weeks after the main shocks (aftershocks are indicated with gray circles, whose amplitudes are proportional to their magnitude).
The locations of epicenters of the main shocks on November 15, 2006 and January 13, 2007 are marked with asterisks. Source mech-
anisms are indicated for the main shocks and some strong aftershocks. Thick dashed line shows the axis of the deep Kuril-Kam-

chatka Trench (KKT). Thin lines show isobaths (m).

side. Thus, the IO RAN forecast [10, 14] and prognos-
tic earthquake model used for the simulation of a hypo-
thetical tsunami [9, 36] (see inset in Fig. 3a) was quite
precise. The real earthquake had a slightly smaller dis-
placement amplitude magnitude and a shorter exten-
sion (because the northern keys were not activated) and
consequently generated a less intense tsunami than was
predicted in the “worst scenario”. The actual source had
a more complex structure than the model source. In
contrast to the November event, the epicenter of the
main shock of the January 13, 2007 (M,, = 8.1) earth-
quake was located on the oceanic slope of the Kuril-
Kamchatka Trench (Fig. 1 and 4b).

According to data provided by the National Earth-
quake Information Center (NEIC), the time at the
source (7, and coordinates of the hypocenters (¢, A, &)
for these two earthquakes were as follows [25]:

(1) November 15, 2006: T, = 11:14:13.6 UTC;
¢ =46.592°N; A = 153.266°E; h = 26-30 km;

(2) January 13, 2007: T, = 04:23:21.2 UTC;
¢ =46.243°N; A = 154.524°E; h = 10 km.

Estimates of the main energy characteristics of these
earthquakes (seismic moment of the source M, and
earthquake moment magnitude M,, determined from the
seismic moment) are presented on the basis of CMT-
solutions obtained at Harvard University (USA) [29]:

(1) My=3.37x 102’ Nm; M,, = 8.3;
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(2) My=1.65% 102! Nm; M, = 8.1.

The standard errors of these estimates are AM,/M,, =
10.5, AM,,=10.2, therefore the energy released from the
elastic deformations of the two earthquakes were of
comparable magnitude. However, other seismic charac-
teristics of the two events are significantly different.

The earthquake of November 15, 2006 was felt in
populated areas closest to the source: Kurilsk (450 km
from the epicenter) and Severo-Kurilsk (500 km from
the epicenter) with intensities of 3—4 using the 12 level
MSK-64 scale [2]. The second earthquake of January
13, 2007 gave rise to more intense shaking at the same
sites: 4-5 in Kurilsk (530 km from the epicenter) and
5-6 in Severo-Kurilsk (500 km from the epicenter) [3].
On the other hand, the earthquake of November 15,
2006 is characterized by a greater number of repeated
shocks (535 shocks with magnitude mb >4.5 and source
depth & < 40 km in two months), greater maximum
aftershock amplitudes (mb= 6.4), and a greater after-
shock distribution area (300 x 220 km?); the corre-
sponding parameters two months after the earthquake
of January 13, 2007 are: 163, 5.8 and 290 x 90 km?
(Figs. 4a, 4b). The ratio of magnitudes determined from
the records of short-period and long-period sensors (mb
and M,,) is unusual: for the 2006 earthquake, mb = 6.4,
M,, = 8.3 while for the 2007 earthquake, mb =7.3, M,,=8.1
[25, 29]. Differences in the earthquake properties
explain the aforementioned differences in shock inten-
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sity felt at populated sites because they are determined
by the short-period component of the source radiation.

The previously noted differences between the earth-
quakes of November 15, 2006 and January 13, 2007 are
due, foremost, to the markedly different tectonics, and
consequently different response characteristics, of the
two source locations. Figures 4a and 4b show the distri-
bution of aftershock epicenters for both earthquakes for
the first 10 days after the main shocks along with the
solutions for the source mechanisms for the main
shocks and strong aftershocks. Also shown are the dis-
placement amplitudes in the rupture plane obtained
within the rupture plane of the spatially finite model
[32, 33].

The source of the November 15, 2006 earthquake
was located at the front of the island arc at the boundary
between the oceanic and continental plates (Fig. 4a).
The most probable rupture plane in the source region is
located at a depth of 10-25 km and has an area of 400 x
140 km? The rupture plane parallels the axis of the
trench (Az = 220°) and slopes gently (15°) toward the
island arc [29, 32]. The source has a flat reverse fault
motion which is interpreted in the subduction zone as a
thrust of the oceanic plate beneath the island arc sys-
tem. The rupture flank had a maximum displacement of
about 9 m, with an accompanying vertical displacement
of 2-2.5 m. The aftershock distribution for the Novem-
ber 15, 2006 earthquake (Fig. 4a) defines two main dis-
tribution regions: (1) the landward (island) slope of the
Kuril-Kamchatka Trench (near the epicenter of the
main shock) and (2) the oceanward slope, at the loca-
tion where the November 13, 2007 earthquake would
eventually occur. The two regions are separated by the
region of maximum displacement associated with the
source of the main shock. The type of motions in the
aftershock source regions, which appear under the
island and oceanic slopes of the trench, are diametri-
cally opposite: overthrusts occurred in the source
region of the November earthquake while exclusively
upthrusts were recorded in the source region of the Jan-
uary earthquake. In both cases, the rupture planes were
oriented parallel to the axis of the trench.

The January 13, 2007 earthquake originated under
the oceanic slope of the trench at a distance of 20 km
from the axis of the trench [25] (Fig. 4b). The most
probable rupture plane for this earthquake covered an
area 200 x 35 km? and extended parallel to the trench
axis (Az 43°) at a depth of 9-17 km; it is steeply
inclined toward the ocean [29, 33]. The source motion
was that of a normal fault (the same as the oceanic
aftershocks following the November earthquake); the
maximum vertical displacement was about 17 m, and
the right-hand (dextral) horizontal displacement was
about 11 m. Unlike the aftershocks which followed the
November earthquake (Fig. 4a), almost all aftershocks
of the January earthquake took place under the oceanic
slope of the trench. The maximum number of after-
shocks was recorded at distances of 30—70 km from the
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trench axis. The earthquake of January 13, 2007 was
very closely related to the earlier event. The fact that it
originated on the oceanic slope of the Kuril-Kamchatka
Trench was to a certain extent a consequence of a
rebound effect: the earlier earthquake of November 15,
2006 caused a sharp decrease in the compressional
stresses at the western extremity of the curved oceanic
plate, which eventually led to a repeated fault-type
earthquake.

5. TSUNAMI OF NOVEMBER 15, 2006

Immediately after the first seismic information was
received on the November 15, 2006 event, it became
clear that a particularly strong tsunamigenic earthquake
had occurred in the Central Kuril region and that tsu-
nami waves arising from this earthquake could repre-
sent a serious threat to the nearby coasts of Russia as
well as to the remote regions of the Pacific Ocean.
Within two minutes of the earthquake, at 11:16 (hereon,
all times are in Coordinated Universal Time, UTC), the
Yuzhno-Sakhalinsk Seismic station (YSS) sent urgent
information about a major earthquake to the Sakhalin
Tsunami Warning Center. At 11:25 (11 minutes after
the earthquake), the Center announced a tsunami warn-
ing for all the Kuril Islands. According to the YSS data,
the preliminary estimate of the magnitude was M;=7.9,
and the corrected estimate was 8.0. The Tsunami Cen-
ter calculated the time of tsunami arrival at the closest
inhabited sites: Malokurilsk at 12:12, Burevestnik (Itu-
rup Island) at 12:21, Severo-Kurilsk at 12:25, and
Yuzhno-Kurilsk at 12:40.

At 11:29, the Japan Meteorological Agency (JMA)
announced a warning for the northwestern Pacific coast
with estimates for the propagation times of the tsunami
waves. At 11:30, PTWC (Honolulu, Hawaii) sent pre-
liminary data about the earthquake (M,, = 7.7),
announced tsunami warnings for the coasts of Russia
and Japan, and transmitted the calculated time of tsu-
nami arrivals for different sites along the coast (in par-
ticular, Petropavlovsk-Kamchatskiy at 12:24, Severo-
Kurilsk at 12:29, and Ust-Kamchatsk at 12:49). At
12:14, the PTWC upgraded the earthquake to M,, = 8.1
and extended the tsunami warning to the Marcus, Wake,
and Midway islands, and announced a Tsunami Advi-
sory regime for a number of countries in the Pacific

Basin. 2

The actual heights of tsunami waves at the coast are
crucial for tsunami risk estimates. Information from
coastal sites closest to the source then makes it possible
to give reliable forecasts of wave heights for remote
regions. The first eyewitness and instrumental observa-
tions of the tsunami arrived at the Sakhalin Center and
other centers in approximately 1-1.5 hours after the
earthquake. Tsunami waves were observed throughout
the region, but no catastrophic wave runup was

2 pacific Tsunami Warning Center (PTWC), Honolulu, Hawaii.
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Fig. 5. Tsunami records for the (a) November 15, 2006 and (b) January 13, 2007 events obtained at the Far Eastern coast of Russia
and northeastern coast of Hokkaido (Japan). The locations of coastal tide gauges are shown in Fig. 1. The bottom pressure tsunami
records were obtained in Malokurilskaya and Krabovaya bays on Shikotan Island. Arrows indicate the moments of arrival of the
first tsunami wave; the solid line with the symbol “E” denotes the moments of occurrence of the corresponding earthquakes.

recorded. At 13:19, the Sakhalin Center issued a bulle-
tin to cancel the tsunami warning for the Russian coast-
line based on eyewitness reports from the Northern and
Southern Kuril Islands and primary data about tsunami
waves recorded on Hokkaido Island, where the first
arriving waves were up to 40 cm high. At 14:58, the
PTWC in Honolulu also canceled the tsunami warning.
However, later observations showed that the maximum
waves hit a majority of the sites 4-6 hours after the first
wave. For example, in Malokurilsk, the first wave with a
height of approximately 30 cm arrived at 12:22 (i.e.,
1 hour 8 min after the earthquake), and the maximum
wave (155 cm) was observed at 16:10 (Fig. 5a). A sim-
ilar long lag for the maximum wave relative to the first
wave was recorded everywhere including the coasts of
Japan (Fig. 5a), the Hawaiian Islands, California, Chile,
New Zealand, etc. [28, 44, 48].

Tsunami waves with a height of order 1 m were
recorded at many sites on the coast of Japan (tide
gauges in Hanasaki and Tokachiko at the southeastern
coast of Hokkaido recorded wave heights of 73 cm; see
Fig. 5a), the Hawaiian Islands, California, Oregon, and
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Mexico. The maximum height (177 cm) was observed
at Crescent City (Northern California) where signifi-
cant damage took place in the port [34, 50]. Damage of
ships and port facilities occurred in a number of other
sites on the California coast. In regions of the South
American coast (Ecuador, Peru, and northern Chile),
tsunami waves with heights 80-100 cm were observed.

According to preliminary field data, tsunami waves
with heights exceeding 6 m were observed at some sites

along the coasts of Simushir and Urup Islands.? The
maximum oscillations on the Russian coast were
recorded by a tide gauge at Malokurilsk. It is possible

3 In the summer of 2007, the Institute of Marine Geology and Geo-
physics, Far Eastern Branch of the Russian Academy of Sciences
(Yuzhno-Sakhalinsk) in conjunction with I0 RAN (Moscow),
Moscow State University, the Sakhalin Tsunami Center (Yuzhno-
Sakhalinsk), and the University of Washington (Seattle) orga-
nized an expedition and conducted a field survey for the coast of
the Central Kuril Islands, which showed that at some coastal sites
of Simushir, Matua, and some small islands near the Strait of
Bussol, observed runup was up to 15 m, and up to 10 m at the
northeastern coast of Urup Island [11].
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that even stronger oscillations occurred at this station,
but the tide gauge was damaged by the tsunami waves
and did not function for a few hours (Fig. 5a). Large
waves were also recorded by analog tide gauges at
Yuzhno-Kurilsk (up to 55 cm), Petropavlovsk-Kam-
chatskiy (11 cm), Starodubskoye (25 cm), and
Kholmsk (24 cm) (Fig. 5a). Fortunately, the Pacific
coast of Simushir Island took the brunt of the strongest
tsunami wave which to a considerable extent protected
the Sakhalin coast and Magadan region. However, as
predicted by the prognostic model, part of the tsunami
energy propagated into the Sea of Okhotsk through the
Bussol and Kruzenstern straits and caused noticeable
oscillations in the Magadan region (up to 63 cm based
on a tide gauge record; see Fig. 5a). Unfortunately, it
was not possible to obtain instrumental estimates of
tsunami waves at the northeastern coast of Sakhalin due
to the absence of operating tide gauges.

Among the tide gauge records, the most interesting
record in terms of analysis is that for Malokurilsk (Fig. 5a).
The incoming waves at this station gave rise to mono-
chromatic oscillations with a period of about 18.6 min.
Background oscillations with the same period are per-
manently observed at this station (cf. [17, 41, 45]).

6. TSUNAMI OF JANUARY 13, 2007

At 04:25 UTC on January 13, 2007, the Yuzhno-
Sakhalinsk Seismic station (YSS) recorded a major
repeated earthquake in the neighborhood of the Central
Kuril Islands. A preliminary estimate of the magnitude
was M, = 8.0. About 11 minutes later, the YSS station
announced a tsunami warning for all Kuril Islands
without indicating the coordinates of the earthquake
and transmitted this warning to the Sakhalin Tsunami
Center. The warning reached inhabited regions in the
Kuril Islands at 04:41, five minutes after the announce-
ment of the warning. A tsunami warning system was
initiated, and the population located in tsunami hazard
zone was evacuated; the vessels were moved to pro-
tected harbors and anchorages.

During the earthquake event, the Sakhalin and
Pacific tsunami centers were permanently exchanging
operative information using a direct telephone connec-
tion, which facilitated rapid informed responses and
decisions after the announcement of the tsunami warn-
ing. At 07:23, the Pacific Tsunami Center canceled the
tsunami warning for the entire Pacific region based on
the information about sea level changes from the
coastal stations in Japan, Alaska, and Russia, as well as
from deep-water DART stations in the northwestern
part of the Pacific Ocean. At 07:49, the Sakhalin Center
also decided to cancel the tsunami warning for the entire
Russian coast taking into account the following factors:
(1) a lack of significant sea level variations at populated
centers on the Kuril Islands within 2-2.5 hours after the
calculated tsunami arrival times; (2) a lack of anomalous
sea level changes on the Kamchatka coast; and

(3) weak tsunami impact at foreign stations (in particu-
lar, the coasts of Japan and the Aleutian Islands).

Subsequent observations showed that the earth-
quake of January 13, 2007 generated a trans-oceanic
tsunami, although weaker than the tsunami of Novem-
ber 15, 2006. Noticeable oscillations were recorded by
tide gauges on the northern part of the Pacific Ocean:
83 cm at Chichijima Island (Japan); 71 cm at Miy-
akeshima Island (Japan), 68.5 cm at Shemya Island
(Aleutian Islands), and 51 cm at Crescent City and
Arena (both in Northern California). In the southern
part of the Pacific Ocean, waves with heights of 40 cm
were recorded at Easter Island (Chile), of 15-35 cm at
the Chilean coast, and 15-20 cm in New Zealand. Max-
imum wave heights were observed at most sites within
a specific time interval after the arrival of the first
wave which was similar to that for the tsunami of
November 15, 2006.

The relatively poor quality and low signal to noise
ratio of the tide gauge records made it impossible for us
to identify reliably the tsunami of January 13, 2007 in
the tide gauge records from Petropavlovsk-Kam-
chatskiy, Magadan, and Starodubskoye. The tsunami
was accurately recorded only by analog tide gauges in
Yuzhno-Kurilsk and Malokurilsk, which are located
close to the source. The maximum wave height in the
Yuzhno-Kurilsk record was 11 cm (Fig. 5b). As with
the 2006 tsunami, the tide gauge record at Malokurilsk
is the most interesting. Due to a malfunction in the tide
gauge, the record was partly damaged, but the initial 6-
hour interval of the record was processable and allowed
us to estimate the characteristics of the tsunami waves
(Fig. 5b). The first wave arrived at Malokurilsk at
05:32, 1 hour and 9 min after the earthquake, while the
maximum wave (72 cm) was observed at 06:53, 1 hour
and 21 min after the arrival of the first wave. The first
wave was positive at Yuzhno-Kurilsk and Malokurilsk.
The first wave was also positive at the Japanese stations
located on the northern coast of Hokkaido, while at the
Pacific stations Hanasaki, Kushiro, and Tokachiko, as
well as at bottom DART stations, the first wave was
negative [44].

The tsunami of January 13, 2007 was also clearly
recorded by the bottom pressure gauges deployed by
the Institute of Marine Geology and Geophysics, Far
Eastern Branch of the Russian Academy of Sciences at
the end of November 2006 in Malokurilskaya and
Krabovaya bays on Shikotan Island (Fig. 5b). The max-
imum wave height recorded by these gauges was 58 cm
in Malokurilskaya Bay and 42 cm in Krabovaya Bay.
The bottom pressure record in Malokurilskaya Bay (a bot-
tle-shaped bay with a narrow entrance, see [4, 5, 17]) cor-
responds closely with the record for the coastal tide
gauge: similar to what was observed for the tsunami of
November 15, 2006 regular oscillations with a stable
period of 18.6 min were recorded. As shown in publica-
tions [5, 17], this period is determined by the funda-
mental eigen Helmholtz mode for Malokurilskaya Bay.
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The oscillations in Krabovaya Bay (a long and narrow
fjord-like bay) located approximately in eight kilome-
ters from Malokurilskaya Bay were markedly different
(Fig. 5b). Specifically, they were slightly less regular,
their height was smaller, and the dominant period was
about 29.5 min, which is in a good agreement with the
period of the fundamental Helmholtz mode and typical
period of background oscillations in this bay [41, 45].
The first wave arrived in Krabovaya Bay at 05:41,
roughly nine minutes later than in Malokurilskaya Bay.

7. NUMERICAL MODELING
OF THE NOVEMBER 15, 2006
AND JANUARY 13, 2007 TSUNAMIS

Numerical modeling of the November 15, 2006 and
January 13, 2007 tsunamis was performed using the
model discussed in (1)—(4), similar to the prognostic
modeling calculations in Section 3, but using the 1-
minute GEBCO topography dataset [23] and observed
parameters for the tsunami source regions. To estimate
the parameters of the 2006 and 2007 tsunami sources
we used the results of C. Ji [32, 33] to estimate the
parameters of the 2006 and 2007 tsunami sources. Ji
used a finite size fracture model to determine the dis-
placements along the rupture plane for these earth-
quakes. We next used the well-known Okada model
[39], which allows the user to transform these displace-
ments into vertical deformations of the sea floor. Within
the longwave model typically used for tsunami calcula-
tions (for example, [34 49]), the initial perturbations of
the ocean surface in the source region fully coincide
with the displacements of the sea floor. However, in the
present study, this approach could lead to significant
errors because the deformation regions for the 2006 and
2007 earthquakes were comparatively small and the
ocean in the source regions quite deep. Therefore, we
solved the full Laplace’s equation to estimate the initial
perturbation of the ocean surface [44]. The sea surface
displacements were smooth compared to the longwave
approximation of the initial source. In particular, the
maximum deviation of the free surface for the source in
2006 decreased from +2.7 to 1.9 m, and for the source of
2007 from —6.8 to —2.6 m. A detailed description of the
numerical model is given in [44].

Results of the numerical models for the November
15, 2006 and January 13, 2007 tsunamis are presented
in Figures 6 and 7. Figure 6 shows the simulated tsu-
nami records for the same points presented for the
“hypothetical” tsunami (Fig. 3). In addition, we added
three more locations near Urup, Ketoy, and Paramushir
islands, which are interesting for research (Fig. 1). For
clarity, the scale of the tide gauge records in Figure 6
was increased five times for six distant locations (Okha,
PA-B, Lun-A, Kunashir, Shikotan, and Iturup) com-
pared to the four near-field sites (Urup, Simushir,
Ketoy, and Paramushir). Because of the relatively low
grid resolution of roughly 1.5 km and the inadequate
accuracy of the shelf bathymetry near the coasts of the
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Kuril Islands, we were unable to obtain a direct com-
parison of the calculated and observed tide gauge
records or obtain exact quantitative estimates of tsu-
nami runup along the coast of the Kuril Islands and
Sakhalin. Nevertheless, the calculations give us a clear
indication of the general tsunami wave height distribu-
tions for the 2006 and 2007 events. The calculations
also allow us to intercompare the two events and to
compare these events with the results of the prognostic
modeling. The spatial maps showing the distribution of
maximum amplitudes for the simulated tsunami waves
for both events (Fig. 7) give important additional
related information.

As predicted (see Fig. 3), the main tsunami energy
flux in 2006 and 2007 was directed southeastward
toward the Hawaiian Islands and the coast of South
America (Figs. 7a, 7b). The wave propagation is clearly
affected by the Emperor and Hawaiian submarine
ridges. As emphasized in [34, 48], these ridges cause
diffraction and reflection of the 2006 and 2007
Simushir tsunami waves. The results of this study agree
well with the results in [34, 48] and demonstrate nota-
ble variation in the distribution of maximum wave
amplitudes in the region.

It is likely that part of the tsunami energy in 2006
and 2007 was trapped by the Kuril shelf and propagated
as trapped waves (edge waves [6]) along the Kuril
Islands northeastward in the direction of Kamchatka
and southwestward toward Japan. It is also likely that
the late arrival of the highest waves at Malokurilsk and
at some sites on the coast of Japan (Fig. 5) is related to
this effect: edge waves at the shelf “conserve” tsunami
energy and transport it with minimum loss, but their
speed is much lower than the speed of tsunami waves in

the open ocean (¢ = Jg71 ), which determines the prop-
agation of the leading tsunami front and first arrival of
the waves at coastal sites, as predicted on the basis of
the prognostic model (Fig. 3). A smaller fraction of the
energy spread into the Sea of Okhotsk through the deep
Kruzenstern and Bussol straits (and partly through the
other straits of the Kuril Islands) and reached the north-
eastern coast of Sakhalin Island. According to the
numerical calculations, the trough-to-crest height of the
tsunami waves in the vicinity of the Lunskaya ocean
platform (Lun-A) were as high as 1.5 m during the 2006
event (Fig. 6a) and up to 0.8 m during the 2007 event
(Fig. 6b).

According to our calculations, maximum tsunami
wave heights occur in the near zone at the coasts of the
Simushir and Ketoy islands (Fig. 6), as well as the
Matua and Rasshua islands [44]. Calculated tsunami
wave heights for the two events in the near zone have
similar values, but tsunami wave heights in 2006 appear
to have been significantly greater with distance from
the source than for 2007. This is confirmed by observa-
tions which show that at remote instrumented stations,
wave heights for the 2006 and 2007 tsunamis had a
ratio of 3 : 1. We associate this effect with differences
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of the occurrence of the corresponding earthquakes.

in the initial source parameters, specifically the smaller
area but more intense earthquake source for the 2007
tsunami. As noted in [44] and clearly shown in Fig. 7,
the main lobe of the tsunami wave energy flux for the
2006 tsunami spreads from the source region in a rela-
tively wide beam (Fig. 7a) while that for the 2007 tsu-
nami spreads as a narrow ‘“flood light” beam (Fig. 7b).

Strong differences in the initial phase of the tsunami
for two events is an important finding of our calcula-
tions: for the 2006 tsunami, the first wave at most sites
in Fig. 6 (excluding the sites at Sakhalin) is a positive
wave (Fig. 6a), while for the 2007 tsunami it is a nega-
tive wave (Fig. 6b). These results agree with observa-
tion (Sections 5 and 6) and are related to the aforemen-
No. 2

OCEANOLOGY  Vol. 49 2009



THE KURIL EARTHQUAKES AND TSUNAMIS

N
60° et 4 SR O am =
A a4 2006 | | Loy U 2006
" orokrorsk ) &7 @ | SEA A ®)
§' 5 OF OKHOTSK | § a y
55° 1 k 'S I'J Y 4]@ . 1 i'l g IS b 1611 .
. 2l s, Yy ‘ . L5y, YUy,
\R 44{_3 Lang b “.‘ A"?_ 4 j”d@”
50° | & \ ' 4 A
! \ - ¥ i \
\l { § : \. .
=gy > r. B e
<X} o f — po
B3 ;K 2
45° 4 %“.a ‘A ( 2
= | Q'l
L} & |
| i |
| 2 I
! By i
40° 4 )
r"Il E, |'J I‘
| ! ) \
f \ ( \
3504 l,‘ - '
i
PACIFIC OCEAN '1& == PACIFIC OCEAN “& RS
S t?p,,a ; a"l/‘? .
e Ciga
30° T T T T T T B
140° E 150° 160° 170° 180°140° E 150° 160° 170° 180°
Maximum amplitude, m
32 2 1

05 02 0.1 0005 0

.

Fig. 7. Numerical simulation of the maximum tsunami amplitudes for the (a) November 15, 2006 and (b) January 13, 2007 events

in the northwestern part of the Pacific Ocean and adjacent region of the Sea of Okhotsk. Asterisks denote the locations of the cor-
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tioned differences (Section 4) in the source parameters:
in particular, the source for the 2006 event has seafloor
uplift on the oceanic side and depression on the islands
side whereas the 2007 event has the opposite sign in
seafloor motion, with uplift on the island side and

depression on the ocean side (see [44] for a more
detailed description of these effects).

One more interesting modeling result is the appear-
ance of high-frequency oscillations sometime after the
arrival of the first wave. This effect is more pronounced
for the tsunami in 2007. It is especially well defined in
the simulated tsunami records for Iturup and Shikotan
(Fig. 6b). It clearly manifested in the real tsunami
records in 2007 at the coasts of the South Kuril Islands
and Japan (see [44, 48] and Fig. 5b). It is likely that

these comparatively high-frequency oscillations are
related to specific segments of the initial source region,
which serve as generators of high-frequency oscilla-
tions. Their late arrival is consistent with tsunami wave
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dispersion (including the dispersion peculiarities of
edge waves [6]). Such high-frequency oscillations were
observed after the earthquakes of December 26, 2004
and March 28, 2005 in the Indian Ocean (cf., [30]).

8. DISCUSSION AND CONCLUSION

An investigation conducted from 2005 to 2006
showed that the Central Kuril gap consists of four large
blocks or “keys” [9, 10, 14]. Seafloor motion associated
with the earthquake of November 15, 2006 occurred in
the southwestern sector of the seismic gap and involved
only two of these blocks. Two blocks on the island side
of the continental slope located to the northeast of the

source region were not affected by this motion. As a
result, the undisturbed northeastern sector of the seis-
mic gap (not previously impacted by major earth-
quakes) remains a possible zone for a future M,, = 8
event. The situation in the Indian Ocean had developed
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along the same lines. In particular, the catastrophic
earthquake of December 26, 2004 (M,, = 9.3) affected
the source zone that extended over 1300 km in the
northern part of the Sunda Islands Arc; the source zone
of the destructive earthquake that followed on March
28, 2005 (M,, = 8.7) was located immediately to the
south of the first earthquake source [40].

Analysis of the seismic characteristics of the
November 15, 2006 earthquake demonstrates that this
was an inter-plate event, and that its source region was
limited by transverse transform fractures passing
through the Bussol and Kruzenstern straits [10, 12].
Comparison of the maximum displacement (9 m) in the
earthquake source region with the mean velocity of
convergence of the Pacific and Okhotsk plates in this
region (87 mm/yr) [22] gives an approximate estimate
of once every 100 years for the recurrence of an earth-
quake with this displacement amplitude. The earth-
quake of January 13, 2007 (second event) with M,, = 8.1
was directly linked to the previous earthquake, and was
also an intra-plate event. Such earthquakes frequently
occur in subduction zones at the outer slope of the
trench during times when there is intense tension of the
curved oceanic plate near the trench axis following a
strong inter-plate earthquake. Unlike the November 15,
2006 event, the January 13, 2007 earthquake has a
dominant normal fault motion beneath the oceanic
slope of the trench and specific oceanward horizontal
displacement of the aftershock epicenter region. Peak
activity following the November 15, 2006 earthquake
was observed at the outer slope of the trench near the
axis, whereas the majority of repeated aftershocks fol-
lowing the January 13, 2007 earthquake took place
under the ocean bottom at distances of 30-70 km from
the axis of the trench.

Thus, the events on November 15, 2006 with M,, = 8.3
and January 13, 2007 with M,, = 8.1 are closely linked
and together represent one of a series of episodes in the

long history of oceanic plate subduction under the
Kuril-Kamchatka Island Arc.

We note that strong earthquakes in the relatively
unpopulated regions of the Central Kuril Islands are not
a hazard in themselves but can generate destructive tsu-
nami waves, which could cause catastrophic conse-
quences for the Far Eastern coast of Russia, and espe-
cially for the northeastern coast of Sakhalin Island. This
was the reason that, in the spring of 2005 (one and a
half years before the actual events), we undertook prog-
nostic numerical simulations of tsunamis that might be
generated within the expected earthquake region
[9, 36]. We considered the most possible earthquake
scenario, which (on a somewhat reduced scale) was
eventually realized by the earthquake of November 15,
2006. The results of the prognostic model calculations
correspond qualitatively to the actual tide gauge obser-
vations at the coast and in the open ocean, as well as to
the preliminary field survey data collected in expedi-
tions on the coast of the Kuril Islands during the sum-

mer of 2007 [11]. This successful outcome supports the
high potential for prognostic tsunami modeling for
regions of anticipated seafloor earthquakes.

Both Simushir earthquakes were tsunamigenic and
resulted in strong but not catastrophic tsunamis, which
were recorded over the entire Pacific basin. The tsuna-
mis of November 15, 2006 and January 13, 2007 were
generated in the same region and had many common
features: transoceanic propagation, a southeastward
directed energy radiation, observed dominant wave
periods from 2-3 to 15-20 min, and long lag times
(excluding the very near zone) of the maximum wave
heights relative to the arrival time for the first wave. On
the other hand, there were marked differences in the
earthquake source mechanisms which led to important
and interesting differences in the characteristics of the
tsunamis at the coast [44].

The main difference in the tsunamis is in the sign of
the first wave arrival. For the 2006 tsunami, a leading
positive wave radiated to the open ocean and a leading
negative wave propagated to the nearest coast, i.e.
toward the Kuril Islands. This scenario is typical for
many strong tsunamis and, in particular, was observed
for the catastrophic tsunami of December 26, 2004,
when the lead positive wave propagated into the Indian
Ocean and the lead negative wave to the nearest coast.
When we performed prognostic calculations of the tsu-
nami generated within the Central Kuril seismic gap,
this was considered the most probable scenario to
model (Section 3). The sign of the first wave and
parameters of the actual November 15, 2006 tsunami
were very close to the parameters of the “hypothetical
tsunami”, although the area of the actual source
appeared smaller than the calculated one, while the tsu-
nami was weaker than anticipated according to the
worst case source development scenario. For the 2007
tsunami, the opposite situation was observed: the first
positive wave was directed toward the Kuril Islands,
while the first negative wave propagated into the Pacific
Ocean.

The 2007 tsunami was weaker (it is likely that the
bottom motion during the earthquake was a strike slip
fault not an upthrust fault as was the case for 2006
earthquake) and did not lead to destructive waves for
remote inhabited sites similar to those caused by the
2006 tsunami in Crescent City (California). At the same
time, the 2007 tsunami appeared more focused (owing
to a smaller source area and greater maximum seafloor
displacement in the source region): the main tsunami
energy radiated in a narrower beam. Hence, according
to our numerical simulations, the 2007 tsunami led, in
the near zone, to effects that were not weaker than those
for the 2006 tsunami. The differences in the areas of the
sources and in their location (the 2006 source was
larger and located closer to the coast) led to additional
differences: trapping of wave energy over the shelf for
the 2006 tsunami was considerably stronger than for
the 2007 tsunami. At the same time, the smaller source
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area and greater amplitude seafloor motion in the
source area of the 2007 tsunami led to the generation of
higher frequencies in the tsunami wave spectrum and to
stronger wave dispersion.

The Simushir tsunamis of 2006 and 2007 appear to
be mirror images of the Chilean tsunami of May 22,
1960 (although they were much weaker): in 1960, tsu-
nami waves generated at the coast of Chile crossed the
Pacific Ocean and struck the coasts of the Kuril Islands
and Japan, while in November 2006, significant tsu-
nami waves from the Kuril region reached the coast of
Chile.

Unfortunately, our ability to accurately detect tsu-
nami waves on the coasts of Russia and, correspond-
ingly, our capacity for providing operational correc-
tions to tsunami warnings are highly limited due to the
lack of the necessary instruments: digital tide gauges
with real-time signal transmission. Sea level measure-
ments in the Far East of Russia are currently performed
by a few archaic analog tide gauges. The closest tide
gauges to the epicenters of earthquakes on November 15,
2006 and January 13, 2007 were located 500-800 km
away at Malokurilsk, Yuzhno-Kurilsk, and Petropav-
lovsk-Kamchatskiy. According to modern requirement
for operational tsunami service, the spatial distribution
of tide gauges at seismically active coasts should be of
the order of 100—150 km. The lack of earthquake and
tsunami monitoring systems on a real time basis, the
lack of information concerning tsunamis at coasts clos-
est to the epicenter of earthquakes (Urup, Simushir,
Matua, and other islands), and the impossibility of per-
forming visual observations in the dark (the first
Simushir earthquake occurred at night) created extreme
difficulties for the operational tsunami warning ser-
vices during the 2006 and 2007 events.

The two strong tsunamis generated at the Far East-
ern coasts of Russia demonstrate once again the serious
risk of this phenomenon to the Russian coast. In past
years, this hazard became even greater due to the
intense development of oil and gas producing indus-
tries, laying of pipelines, construction of terminals, and
so on in Sakhalin. A destructive tsunami could lead to a
serious ecological disaster in this region. This also
leads to sharp increase in the cost of false tsunami
alarms. The Shikotan tsunami of 1994 is an example: a
false tsunami alert on the Hawaiian Islands related to
this tsunami led to the loss of two human lives and

caused damage of 70 million dollars.* Permanent mon-
itoring of tsunami waves and associated hazards in such
situations becomes an important social-economical
problem. Deployment of modern digital tide gauges at
the coasts of the Kuril Islands, Kamchatka, and Sakha-
lin, the deployment of bottom sea level stations, and
bottom seismographs near the coasts and in the open
ocean should become a top-priority.

4 Private communication of Laura Kong, International Information
Tsunami Center, Honolulu, 2006.
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