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Purpose. The aim of the paper is to study four synoptic situations, in which the seiches energy 
increase was observed in the coastal zone of the southern part of the Sakhalin Island, and to consider 
their possible meteorological origin. 

Methods and Results. Records of the waves obtained in the Institute of Marine Geology and Geophysics 
in 2008 using both the instruments installed in eight points in the coastal zone of the southern part of 
the Sakhalin Island, and the synoptic maps provided by the Sakhalin Hydrometeorological Service 
Department, were used. For all the observation points, four synoptic situations characterized by increase 
of the seiches energy within the meteotsunami existence range were considered. It is shown that 
the amplitudes of the main part of the observed waves exceed the criterion equal to 4 xrms. Therefore 
the events under consideration can be related to meteotsunami; at that, their energy is distributed almost 
all over the whole range of tsunami waves. When meteotsunami is absent, energy of the sea level 

oscillations in the range 4–120 min is reduced by an order. Since fluctuations are observed in the coastal 
zone possessing the resonant properties, arrival of meteotsunamis to these areas eventually results in 
exciting the seiches which are recorded. It is shown that in the coastal zone, cold fronts generate 
meteotsunamis, which, in their turn, give rise to seiches. 
Conclusions. The conditions for generating sea waves by the atmospheric disturbances within 
the range of the tsunami periods 2–120 minutes are described. It is found that movement of 
an extended cold front in the east-south direction leads to generation of the large-amplitude seiches in 
the region of the southern part of the Sakhalin Island, just where all the settlements are located. 

At a synoptic situation when two cold fronts are moving over the island, generation of high-amplitude 
seiches is possible in the places, near which a cold front is passing. 
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Introduction 
The term “meteotsunami” has long been used to refer to sea waves that have 

periods close to the periods of tsunami waves of 2 minutes – 2 hours, formed under 
the influence of earthquakes, landslides or volcanic eruptions. Unlike tsunamis, 
meteotsunami are generated over the open ocean by atmospheric pressure high-
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frequency modulations of gravitational waves, convective pressure surges or other 
types of atmospheric disturbances [1, 2]. 

However, the resonant energy transfer from the atmosphere to the sea alone is 
not enough for meteotsunami to reach destructive levels several meters high when 
approaching the shore. The coastal water areas – bays and harbors – should have 
high amplification factors [3, 4]. Then meteotsunami, coming to the coastal zone 
with pronounced resonance properties, can give rise to seiches, the periods 
and amplitudes of which will depend on the parameters of a particular local 
topography. 

A large number of papers published both abroad [1, 5–10] and in Russia 
[11–15] are devoted to the study of meteotsunami waves in the coastal water areas 
of the World Ocean different regions. 

It can be seen that in the past two decades, the study of meteotsunami and 
the conditions for their generation has advanced very actively, and our 
understanding of the basic processes has improved significantly. However, 
according to the authors of [16], there are still enough open questions. Although it 
has been determined that the Proudman resonance plays an important role in 
the atmosphere – ocean energy transfer related to meteotsunami [17–20], it is still 
not clear how such resonance interactions or local bathymetry affect 
the amplification of meteotsunami [21]. 

In addition, since coastal water areas significantly differ in their resonance 
characteristics, the manifestation of meteotsunami, its amplitude and the possibility 
of generating seiches, that pose a danger to navigation, will also be different for 
each specific coastal water area. And this circumstance must be taken into account 
when carrying out works and surveys in the sea coastal zone. 

Therefore, it was decided to continue the work on the meteotsunami study 
within the framework of the considered theme for Sakhalin region, despite the fact 
that we have already published several papers [14, 15], (especially considering 
the availability of extensive material of the sea level observations at different 
points of Sakhalin Island coast) and to analyze the generation of these waves, since 
it was found that during the passage of atmospheric disturbances, meteotsunami are 
not generated at all observation points. 

The purpose of this work is to study four synoptic situations in which 
an increase in seiche energy was observed in the coastal zone of the southern half 
of Sakhalin Island, and consideration of their possible meteorological origin. 

It should be pointed out that the recorded large amplitudes of level fluctuations 
during the movement of atmospheric disturbances over the coastal zone are, in fact, 
a consequence of seiches induced by meteotsunami. Probably, further it will be 
more correct to speak of oscillations anomalous in amplitude as seiches (as, for 
example, in [22]), although the term “meteotsunami” is often used to describe such 
oscillations. 

 
Observational data 

For the studies described in this paper, we used the wave records obtained in 
2008 at the coastal points of Sakhalin Island (Fig. 1) and data of synoptic maps 

provided by Hydrometeorological Center of the Sakhalin UGMS (Federal State 
Budgetary Institution Sakhalin Administration for Hydrometeorology and 
Environmental Monitoring). The sea level fluctuations were recorded with one-
second discreteness using autonomous wave recorders. 
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F i g.  1. Map of the southern part of Sakhalin Island and location of the settlements, near which 
the wave recorders were installed in 2008 

 

Since the range of the meteotsunami wave periods is the same as that of 
the tsunami, the pre-calculated tide was subtracted from the observational data, 

after which the series were filtered by a band-pass filter with a 2–120 min window. 

In the filtered time series, four situations of significant rise in wave energy were 
observed in the considered range of periods: June 18, August 5, September 3 and 

11. The time series for these time moments for 8 points are given in Fig. 2. 

Initially, the analysis of waves within the range of meteotsunami periods was 
carried out for 10 points of the coast. However, some points (for example, Nevelsk 

and Gornozavodsk) are located close to each other and the wave regime in them 

differs slightly. Therefore, in the end, only 8 points were considered, but all 10 

points were used for refinement. This approach allowed us to reduce the amount of 
figures in this paper. 

As noted in [1], about 99% of the energy of background fluctuations in the sea 

within the range of tsunami periods is associated with the atmospheric 
disturbances. Therefore, the anomalous level fluctuations that we found are 

presumably meteotsunami. However, not all sea level fluctuations can be attributed 

to meteotsunami. In [1], it was proposed to use the wave amplitude three or four 

times greater than the root mean square value (rms), determined by the equation 
below, as a criterion for the meteotsunami threshold  

 22
2

2
1rms

1
nxxx

n
x  ,                                            (1) 

 

where nxxx ...,,, 21  are the amplitudes of the background waves, n is their number. 

xrms values of the amplitudes of background waves in the range of 
meteotsunami periods for 8 observation points calculated from two-day time series 

during the events under consideration and one day before the onset of 

the September 3 event are given in Table. 1. It should be noted that the values of 
the background wave amplitudes were calculated before other events and showed 

a result close to that given in this table. 
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F i g.  2. Fragments of residual time series after filtering within the periods’ range 2–120 min for        
8 observation points. The sea levels at the stations are represented relative to 0 of observation posts 

 

It can be seen that the amplitudes of the main part of the observed waves 

exceed the criterion equal to 4 xrms, and therefore these events under consideration 

can be attributed to meteotsunami. At the same time, as the spectra of sea level 

fluctuations for the cases of meteotsunami arrival show (Fig. 3), the energy of 

the fluctuations is distributed practically over the entire range corresponding to 

the one of tsunami waves, apparently due to the fact that in the places where 

the measuring devices were installed, the resonance properties are manifested at 

several periods. 

In the absence of meteotsunami, the energy of sea level fluctuations within 

4–120 min range decreases by an order of magnitude, which can be seen from 

a comparison of the spectra for Orlovo (Fig. 3). In the short-period part of 2–4 min, 

the difference in the oscillation energy is smaller, which may be due to 

the presence of infragravity waves here. However, the peaks at the periods, which 

are presented in the spectra of coastal water areas for one observation point, do not 

change in the presence of an event. This indicates that they are natural oscillations. 
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T a b l e  1 

 
Values of the background amplitudes calculated from the two-day time series within 

the range of the meteorological tsunami periods based on the observations in 2008 
 

Observation 

point 

xrms(cm) 
(background) xrms(cm) (events) 

03.09.2008 18.06.2008 06.09.2008 03.09.2008 11.09.2008 

Boshnyakovo 3.4 23.1 15.8 7.9 20.9 

Poronaisk 1.8  14.7 19.7 5 

Shakhtersk 2.5 16.1 14.5 7.6 13.6 

Orlovo 2,1 11 10 7.7 12 

Il’insky 1.7 11.5 14.7 13.9 12.8 

Nevelsk 2.2 5.5 11.5 15.1 8.2 

Korsakov 2.9 7.6 13.8 26.3 8.7 

Okhotskoe 3.1 16.3 11.6 24.3 7 

 
N o t e. Values of the wave amplitudes that are less than the 4·xrms criterion are in bold; the date 

denotes beginning of the two-day interval of the time series for determining xrms.  

 
At the same time, the periods of the peaks within the spectra for different 

observation points differ significantly. However, the general nature of the spectrum 

behavior for one observation point, as shown by the current spectra (for example, 

given for four points in Fig. 4), remains the same for a particular point. This shows 

that meteotsunami manifests itself locally in accordance with the resonance 

properties of specific water areas and their eigen oscillation periods, which is 

consistent with the conclusions made in other papers [1, 15]. 

It should also be noted that meteotsunami can reach dangerous amplitudes 

only if there is a local or regional topographic resonance in the coastal zone [1] and 

that external waves with high energy getting in the water area are not enough to 

generate large-amplitude seiches. It is necessary for the water area to have well-

pronounced resonance properties, in particular, to have high quality factor 

(Q factor) [23]. 
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F i g.  3. Spectra of sea level fluctuations calculated using the daily time series for the periods of 
meteotsunami existence, September 3–4, 2008 and in the absence of an event (the lower spectrum for 
the point Orlovo) 

 
 

 
 

F i g.  4. Spectrograms of sea level oscillations for the meteotsunami events in four observation points 
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The calculation of the resonance system quality factor of the water areas for 
periods of oscillations exceeding the 95% confidence interval in the spectra was 

carried out using the well-known equation [24]: 
 

,ωω0 Q                                                      (2) 
 

where 0ω  is a resonant frequency of a system (resonant maximum); ∆ω is its 

width; Q is its quality factor. In this case, the maximum width in the spectrum is 

defined as the frequency band, within which the oscillation energy decreases by 

half [24]. The calculation results are given in Table. 2. 
 

T a b l e  2 
 

Q-factors of the resonant systems of the water areas adjacent to the observation points 

for the periods of oscillations the energy of which exceeds 95% of the confidence 

interval in the spectra 
 

Observation point Peak period, min Q-factors 

Poronaisk 

55.20   1.20 

24.43   2.56 

  6.00   9.43 

  3.10 16.98 

Il’insky   9.13   8.44 

Korsakov 

36.18   1.19 

  4.58 11.18 

  2.92 11.16 

Nevelsk 
12.45   5.19 

  4.42   1.39 

Orlovo 
14.73   2.64 

  7.08   8.64 

Boshnyakovo 

  1.13 33.99 

  1.30 15.78 

12.22   3.55 

21.73   1.89 

Shakhtersk 

10.00   5.77 

14.28   3.89 

22.70   2.19 

Okhotskoe 

  2.02 13.31 

  3.83 16.55 

  4.67 12.37 

  7.82   6.74 

  6.32   7.02 
 

N o t e. Bold type marks out the seiche periods for the Q-factors exceeding 5 at which 
the amplitude is amplified by approximately 5.5 times. 
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From Table 2 it can be seen that near all observation points there are resonant 
water areas with a quality factor of more than 5, at which a significant 

amplification of the incoming meteotsunami waves at resonance periods and 

the generation of seiches are possible. At the same time, a high quality factor is 

observed for oscillations with periods of up to several minutes, which will 
contribute to the manifestation of harbor oscillations, which causes a danger to 

anchored ships, during the meteotsunami arrival. 

 

Analysis of synoptic events 

From Fig. 2 it can be seen that at the movement of cyclones and cold fronts, 

an increase in wave energy over the southern half of Sakhalin Island is not 

observed at all points on the coast. Therefore, for the considered points in time, 
the synoptic maps provided by Hydrometeorological Center of the Sakhalin UGMS 

(Fig. 5) were used. 

Synoptic events were analyzed in order to determine the generation source of 
anomalous seiches. The cyclones observed at the moments of meteotsunami 

manifestation were predominantly not a deep: for example, in the event on 

September 3, 2008, the movement velocity was 42.6–69.3 km/h, on August 6, 
2008, about 23.1–28.9 km/h with pressure of about 1000 MPa. For the other two 

events, the cyclones were located at a distance from Sakhalin and therefore could 

hardly be the cause for the meteotsunami generation. Most likely, this cause was 

the cold fronts that usually accompany cyclones. 
It should be noted that waves in the area of atmospheric fronts began to be 

studied relatively recently, and the experience of forecasting it under these 

conditions is still insufficient [22, 25–27]. The application of numerical methods in 
some specific conditions of wave formation is difficult to implement. Wind 

velocities during the passage of the fronts can reach 40 m/s, and sometimes even 

more [13]. Fast moving main cold fronts have especially strong winds. 

An analysis of synoptic maps showed that several different events of the cold 
front movement are observed: one extended front, moving as if parallel to 

the island – from west to east (Fig. 5, c); one extended front, coming from the west, 

gradually unfolding over the island and further moving from north to south (Fig. 5, 
b); two separate fronts in the northern and southern parts of the island moving over 

the considered part of Sakhalin Island from north to south (Fig. 5, a, d). 

For the synoptic event on June 18, 2008 (Fig. 5, a), the cold front movement 
velocity in the northern part of the island was about 16.7 km/h. In this case, 

the front contributes to the active generation of meteotsunami, which generates 

seiches in the coastal zone of Boshnyakovo with an amplitude 6.8 times higher 

than the xrms value for calm weather. The generation of seiches in the southern part 
of the island was affected by another cold front, which, moving eastward, moved 

southward at a velocity of about 9.3 km/h. At the same time, the maximum 

amplitudes of seiches were recorded in the area of Okhotskoye, although xrms 
excess was only 5.3 times due to large amplitudes of background waves. Note that 

for the event under consideration, no closely passing cyclone centers were 

observed, i.e. active generation of seiches was provided by cold fronts only. 
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F i g.  5. Synoptic maps for four meteotsunami events. Positions of cold fronts for the maps a) I – 
17.06.08, 18:00; II – 18.06.08, 0:00; III – 18.06.08, 6:00; IV – 18.06.08, 12:00; b) I – 5.08.08, 18:00; 
II – 6.08.08, 6:00; III – 6.08.08, 18:00; c) I – 2.09.08, 18:00; II – 3.09.08, 6:00; III – 3.09.08, 12:00; 

IV – 3.09.08, 18:00; d) I – 11.09.08, 0:00; II – 11.09.08, 6:00; III – 11.09.08, 12:00. Solid bold line 
shows positions of the cold front; dotted line – positions of the warm front for the date on the map. 
Time UTC+0 

 

In the event on August 6, 2008 (Fig. 5, b), one extended cold front moved 
from the northwest, turning in a southward direction; its velocity over the western 

coast of the southern part of the island reached 49.1 km/h. In this case, seiches of 

large amplitude were generated at all observation points, the maximum ones – in 
Il’yinsky and Poronaysk areas, where the excess was more than 8 times in 

comparison with xrms level. 

In the third event on September 3, 2008 (Fig. 5, c), not a deep cyclone moved 

along the eastern coast of Sakhalin Island from the Japan Sea at about 72.5 km/h 
velocity. If it was the cause of the meteotsunami generation, and they, in turn, 

excitated seiches, then the time difference between the beginning of 

the amplification of seiches at the observation points Okhotskoe and Poronaysk, 
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located on the eastern coast of the island at about 312 km distance, would be 
4.3 hours. However, the real time difference between the arrival of meteotsunami 

and swell for these points is about 15 minutes. Therefore, we can conclude 

that in the event under consideration it is not the cyclone that is the cause of 

the anomalous waves. 
In the event under consideration only one extended front moved in the EES 

direction, practically perpendicular to the western coast of Sakhalin, with a velocity 

of about 46.5 km/h and completely covered the entire southern half of the island. 
Large-amplitude seiches were observed along the western coast from Il’yinsky and 

further southward, in the water areas near Korsakov and Okhotskoe; the seiche 

with the maximum amplitude, exceeding xrms by 10 times was observed in 

the vicinity of Poronaysk. The small amplitude of seiches in the area of 
Boshnyakovo and further to Orlovo is apparently connected with the fact that 

the cold front, when approaching the Tatar Strait, was located southward of these 

points and only when entering the Tatar Strait moved northward. Thus, 
the meteotsunami waves generated by it, which then induced seiches in the coastal 

part of the island from Orlovo to Boshnyakovo, did not swing to a large amplitude. 

In the event on November 9, 2008 (Fig. 5, d), as in the first one, two fronts 
moved over the island, but approximately in the same southeastern direction, and 

not a deep cyclone was located over the northernmost part of the island – 

the Schmidt Peninsula. Apparently, therefore it did not affect the formation of 

meteotsunami in the southern half of Sakhalin. At the same time, the northern front 
moved at about 20.4 km/h velocity and caused the generation of large-amplitude 

seiches in Boshnyakovo, but bypassed Poronaysk, which can also be seen from 

the synoptic map. The southern front moved at about 29.7 km/h velocity and 
contributed to the generation of seiches on the western coast of the island with 

the maximum amplitudes, which exceeded xrms by 5.7 times, near Orlovo but they 

were practically absent in the area of Korsakov and Okhotskoe. This circumstance 

may be explained by the fact that the front began to turn eastward over the southern 
tip of the island and the velocity of its movement southwards at that time slightly 

decreased. 

 

Conclusions 

The studies using the wave records carried out in 2008 at 8 coastal points in 

the southern half of Sakhalin Island and synoptic map data were described to 
identify anomalous sea level fluctuations generated by atmospheric disturbances. 

The amplitudes of background waves calculated from two-day time series 

within the range of meteotsunami periods for 8 observation points showed that 

the amplitudes of most of the observed anomalous waves exceed the criterion equal 
to 4 xrms, and therefore the events under consideration can be attributed to 

meteotsunami. At the same time, their energy is distributed practically over 

the entire range of tsunami waves, apparently due to the fact that the resonance 
properties of the water areas appear at several periods in the places where 

the devices are installed. In the absence of meteotsunami, the energy of sea level 

fluctuations within 4–120 min range decreases by an order of magnitude. 
It is shown that near almost all observation points there are resonant water 

areas with a quality factor of more than 5, at which it is possible to amplify 
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the incoming waves by meteotsunami at resonance periods and to generate seiches. 
It is noted that a high quality factor of resonant water areas is observed for 

oscillations with periods of several minutes, and therefore, during the arrival of 

meteotsunami, the generation of large-amplitude seiches with the periods of about 

three minutes, which means the manifestation of a harbor oscillations, which poses 
a danger to anchored ships, is possible. 

It was determined that large-amplitude seiches are caused by meteotsunami, 

which are generated by cold fronts moving above the observation points. They can 
be located at a great distance from the cyclone, although it is believed that 

the fronts accompany the cyclones. At the same time, an extended cold front 

propagating in the EES direction leads to the generation of large-amplitude seiches 

in the water areas near all settlements in the southern half of Sakhalin Island. 
In the presence of two different fronts moving over the island in the same 

direction from north to east or in opposite directions, the generation of large-

amplitude seiches in resonant waters near which the cold front moves is possible. 
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