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Waves in the marine area near Cape Svobodny
(south-eastern part of Sakhalin Island)*

Dmitry P. Kovalev®, Peter D. Kovalev, Aleksander S. Borisov, Konstantin V. Kirillov
@E-mail: d.kovalev@imgg.ru
Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia

Abstract. A study of wave processes near Cape Svobodny on the south-eastern coast of the island Sakhalin using autono-
mous wave recorders and a weather station has been performed. Analysis of five-month data of sea level and temperature,
atmospheric pressure and wind speed revealed that there are no significant peaks for wind and infragravity (IG) waves
in the wave period range 2—600 s, and the wave energy is lower at the point protected by Cape Svobodny. During storms,
there is an increase in the energy of IG waves. Waves detected at periods of 14.2 seconds, 3.62 minutes, and 8.85 min-
utes are related to swell and edge waves propagating seaward. For explanation of short waves, the Longuet-Higgins and
Stewart theory was used which describes the dispersion of swell in the surf zone and the formation of free waves. Edge
waves were analyzed using the Lamb model and the Bessel function of the first kind of zero order. Modelling of wave
processes propagating shoreward revealed the presence of IG waves with periods of 20—110 seconds and edge waves
with periods of 4.27-7.63 minutes, confirmed by the dispersion relation for Stokes waves on a sloping bottom. Sea water
temperature fluctuations of more than 7 °C with periods of 3—100 minutes affect the propagation of waves with periods
longer than 3 minutes, destroying the edge and leaky waves. Analysis of wind wave characteristics showed no significant
wave processes, including wind waves, in the 2-20 second period range. The maximum wave height was observed during
prolonged southern winds associated with a cyclone. This study is important for understanding wave processes in this area,
aiding in predicting their behaviour and impact on the coastline.
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BonHbl B MOpckon akBaTtopum B6rm3n meica CBo60aAHbLIN
(toro-BOCTOYHas YacTb 0. CaxanuH)**
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Hucmumym mopckoii eeonoeuu u eeogpusuxu /[BO PAH, FOxcno-Caxanunck, Poccus

Pe3tome. [IpoBeneHO Hccien0BaHUE BOJHOBBIX MPOLIECCOB BOMN3U Mbica CBOOOIHBIIT HA IOr0-BOCTOYHOM MoOepe-
kb€ 0. CaxaluH ¢ UCMOJIb30BAaHUEM aBTOHOMHBIX PETHCTPATOPOB BOJIHEHUS U METEOCTaHIMHN. AHAIN3 MATUMECS Y-
HBIX JIaHHBIX YPOBHS MOpSI M TeMIeparypbl, aTMOC(HEPHOr0o JaBlIE€HHUs U CKOPOCTH BETPa BBISBHII, YTO B AMANa30HE
nepuonoB BoiH 2—600 ¢ OTCyTCTBYIOT 3HaYMTENbHbIE MUKW JJIs BETPOBBIX M MH(pparpaButanuoHusix (MI7) BouH,
a PHEPTrus BOJIH MEHBIIIE B TOUKE, 3alIUIIeHHOH MbicoM CBOOOAHBINA. Bo Bpems mTopMoB HabmoaeTcst poct SHep-
run UI'-BonH. OGHapy>xeHbI BOIHBI ¢ iepuonamu 14.2 ¢, 3.62 muH u 8.85 MUH, CBS3aHHBIE C 3bI0bIO M M3JTyYECHHBI-
MU BOJHAMH, PACHPOCTPAHSIOIUMUCI B CTOPOHY MOps. [ 0OBbsICHEHUS! KOPOTKUX BOJIH MCIIOJIb30BaHA TEOPHS
Jlonre-Xurrunca u Crioapra, KoTopasi 00bSICHIET paccessHue 36101 B 30HE prbos 1 00pa3oBaHie CBOOOIHBIX BOJIH.
C ucnionb30BaHuEM (HOPMYIIBI TSl CTOSYMX BOJH ITpOaHAIM3UpOBaHbl BoiHbI [Tyankape. MozpenrpoBaHue BOJTHOBBIX
MPOIECCOB, PACIIPOCTPAHSIIONINXCS K Oepery, mokaszano Hamuuue UI-BomH ¢ nepuogamu 20—110 ¢ u KpaeBBIX BOJIH
¢ nepuogamu 4.27-7.63 MHUH, NIOATBEPKACHHBIX IUCIEPCHOHHBIM COOTHOIIEHHEM A BOAH CTOKCa MpU MIOCKOM
HakiIoHHOM fHe. KonebGanus temmeparypsl MOpCKoii Bobl ¢ BeicOTOH Oonee 7 °C n nepuopamu 3—100 MuH BIHsIOT

* The translation from Russian: Koanes /I.I1., Kosanes I1./1., Bopucos A.C., Kupunnos K.B. BonHbl B Mopckoii akBaropuu BOIU3u Mbica CBOOOIHBIIH
(roro-Boctounas yacTh 0. Caxanun). [ eocucmemvt nepexoonvix 3on, 2024, 1. 8, Ne 3. [Electronic resources]. http:/journal.imgg.ru/web/full/f2024-3-3 .pdf.
Translated by Valeriya Maksimova
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35610b, BHYTPCHHHE BOJIHBI

Ha pacrnpoCTpaHEHHUE BOJIH C NTepHogamMu Oonee 3 MUH, pa3pylias KpacBble M N3IyUICHHBIC BOJIHBI. AHAIN3 XapaKTe-
PHCTHK BETPOBOTO BOJHEHHS MOKa3al, 4TO B AMana3zoHe meproaoB 2—20 ¢ OTCYTCTBYIOT 3HAYUTENbHbBIC BOJIHOBBIC
MIPOLIECCHI, BKIIIOUasi BETPOBBIE BOJNIHBI. MakcUMalibHast BEICOTA BOJH HAOII0aIach MPH MPOIOIDKUTENBHBIX FOXKHBIX
BeTpax, CBA3AHHBIX ¢ MUKIOHOM. [IpoBeaeHHOe Hccen0BaHue BaXKHO 71l IOHUMaHUs BOJTHOBBIX IIPOLECCOB B aH-
HOW aKBaTOPWH, YTO IIOMOTAET MMPOrHO3UPOBATH MX IIOBE/ICHUE U BIMSHIE HA OEPErOBYIO JINHUIO.
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Introduction

The Laboratory of Wave Dynamics and
Coastal Currents at the Institute of Marine Geol-
ogy and Geophysics, Far Eastern Branch of the
Russian Academy of Sciences, conducts experi-
mental studies of wave processes in the coastal
zone of the Sea of Okhotsk near Cape Svobod-
ny, aiming to investigate waves occurring dur-
ing the passage of cyclones over the observation
area. While waves with periods longer than 15
seconds — such as infragravity, edge, leaky, and
other waves — are usually of interest in the coastal
zone, it was also decided to study shorter waves —
wind waves and swell — that affect the operation
of small vessels and are associated with coastal
fishing in this region.

The results of studies on wind wave dynam-
ics and swell are well documented in numerous
articles and monographs (e.g., [1-3]). However,
wind wave conditions near the shore are heav-
ily influenced by the bathymetric characteristics
of the seabed and the aerographic features of the
coastline, making them variable in each specific
marine area. The study of wave dynamics near
Cape Svobodny, where two bottom wave record-
ers and a meteorological station were set up at the
edge of the cape, provides an excellent opportu-
nity for a more detailed investigation of these pro-
cesses.
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HccnenoBaHus BBINIONHEHBI B paMKaxX IOCYAapCTBEHHOTO
3aganust IHCTHTYTa MOpCKO# reonoruu u reodusnku IBO
PAH (Ne FWWM-2024-0002).

Barotropic leaky waves in the shelf zone can
only exist at frequencies above the inertial fre-
quency. Sverdrup waves generated in the open
ocean are progressive waves formed under the
combined influence of gravitational forces and
the Earth’s rotation; when they reflect from the
shore, they create Poincaré waves, which exhibit
a progressive nature along the shore and station-
ary behavior across it [4]. In describing boundary
waves, the terms “Poincaré waves” and “leaky
waves” are often used synonymously [5].

Infragravity and edge waves are also the fo-
cus of extensive scientific literature [6—8]. How-
ever, similar to wind waves, detailed studies of the
aquatic area near Cape Svobodny have not been
conducted. We studied internal waves here, and
in 2021, two ARV 14K instruments were installed
in the vicinity of the cape to measure variations
in bottom hydrostatic pressure, which were sub-
sequently converted to sea level, accounting for
the attenuation of short waves with depth, into
sea level fluctuations (wave motion). The wave
measuring devices are manufactured by SKTB
“EIPA” in Uglich (https://sktbelpa.ru). The main
relative error in bottom pressure measurements
1s 0.06 %, with a resolution of £0.0008 % of the
upper measurement limit. The measurement fre-
quency for level and temperature is one second.
Measurements of atmospheric pressure fluctua-
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tions and wind speed were conducted using the
Vantage Pro2 Weather Station.

The objective of this research was to con-
duct a detailed study of various types of waves,
including short wind waves and swell, as well as
longer infragravity and edge waves, to assess their
impact on coastal processes and the operability
of small vessels. The relevance of this research
stems from the need to understand the specifics
of wave processes in this marine area, which is
crucial for predicting their behavior and impact
on the coastline, as well as for supporting coastal
fishing and other activities.

Methodology and observation data

A map of the observation area — the water
body of Mordvinova Bay and Cape Svobodny
in the southern part of Sakhalin Island, showing
the location of wave measuring devices — is pre-
sented in Figure 1. Bottom wave recorders ARV
14K (measuring pressure range 0—20 m, accuracy
+0.06 %; resolution +0.0008 %) were installed
on the seabed: the device with serial number 149
at a depth of approximately 14 m, and the device
with number 150 at a depth of 12 m. The installa-
tion depth of the devices corresponds to a bottom
slope of about 0.011. The distance between the
devices is 1.69 km. Both devices recorded sea lev-
el fluctuations and temperature with a sampling
rate of one second. The Vantage Pro2 Weather
Station (measuring pressure range 880—1080 hPa,

accuracy +0.5 hPa; wind speed range 0—67 m/s,
accuracy =1 m/s) was installed on the lighthouse
at Cape Svobodny, at a height of approximately
12 m above sea level. Atmospheric pressure and
wind speed were recorded with a one-hour sam-
pling rate. This interval was chosen due to the
limited memory capacity and inaccessibility of
the weather station.

The experiment took place from July 9 to De-
cember 31, 2021. The observation period covered
the summer and autumn seasons, characterized
by prevailing southerly winds associated with the
passage of cyclones, leading to significant storms.

Data processing of the time series for sea level
fluctuations, including spectral and cross-spectral
analyses, was performed using the Kyma software
[9, 10], which was developed for visualizing and
analyzing large volumes of time series data. This
software was employed to calculate spectrograms
of sea level fluctuations, analyze energy distribu-
tion in different period ranges, and determine the
characteristics of wave processes. Spectral analy-
sis allowed for the identification of major wave
types, such as infragravity, edge, and leaky waves.
A detailed analysis was performed for each wave
type, including the use of theoretical models such
as the Lamb model and Bessel functions, as well
as the dispersion relationship for Stokes waves
when analyzing edge waves. The relationship be-
tween fluctuations in seawater temperature and
the propagation of waves with periods longer than

Fig. 1. The southern part of Sakhalin Island indicates the research area, including the water body of Mordvinova Bay and Cape Svobodny,

with the locations of wave and temperature measuring devices.
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3 minutes was also investigated, revealing the in-
fluence of internal waves on edge waves.

As aresult of the observations over 5 months,
records of sea level fluctuations, atmospheric
pressure, and wind speed were obtained at two lo-
cations. Fragments of the records are presented in
Fig 2.

The temporal series of sea level fluctuations
(Fig. 2a) show tidal waves and several storms,
which were more frequently observed in the au-
tumn months — September and October. The most
intense storm, with wave heights reaching 4 m,
occurred in mid-September. Typically, storms, as
indicated by the comparison of Fig. 2a and Fig. 2c,
are accompanied by strong northerly winds.

Analysis of sea level fluctuations

Figures 3a and 3b present spectrograms of
sea level fluctuations calculated using the Kyma
software [9, 10] over the range of periods for wind
waves, swell, and infragravity (IG) waves. It is
evident that the energy of wind waves and swell
does not exhibit sharply defined maxima, and
for device 149, it is somewhat lower than that of
device 150. In the infragravity wave range, with
periods from 20 to 250 seconds, an increase in
energy is observed during storms, without a pro-
nounced modal structure.

Since preliminary calculations indicated that
the spectral density diagrams do not contain dis-
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tinct features compared to those discussed in pre-
viously published works, this study focused on
calculating transfer function diagrams and phases
for pairs of devices. It is noteworthy that coher-
ence functions are often used to analyze time se-
ries, which, in a linear system, indicate a causal
relationship between two signals. At the same
time, as indicated by statistical sampling theory,
coherence estimates not only exhibit statistical
variability but are also biased and significantly
dependent on the number of degrees of freedom
[11]. Preliminary analysis using the coherence
function showed significant bias in the coher-
ence estimates for the wave process period range
discussed here. Therefore, the spectral analysis
was conducted using transfer functions. As can
be seen in Figures 3¢ and 3d, the magnitude dia-
grams of the transfer function proved to be quite
informative.

In this article, in particular, a Bode plot, or
frequency response function, is calculated, but we
will use the more general term — transfer function.
As shown in articles [12, 13], the transfer func-
tion is generally applied to describe the relation-
ships between two series when one series influ-
ences another. In such cases, the gain function, or
transfer function from the cross-spectrum, is typi-
cally computed using the coherence function [14].
According to the proposed research, the transfer
function H(jo) = G(o)d(o) = |H(jo)| arg(H(jo))

Fig. 2. Temporal variations in
sea level fluctuations (a), re-
corded by devices 149 and 150;
fluctuations in atmospheric pres-
sure (b); and the wind velocity
vector magnitude (c), recorded
by the Vantage Pro2 Weather
Station during the summer-au-
tumn period of 2021.
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allows for the identification of features within
the analyzed time series. In this expression, G(®)
is the gain coefficient, which is a dimensionless
quantity, while the phase values ¢@(w) are ex-
pressed in radians between the time series of the
device pair at each frequency.

The transfer function is a complex func-
tion of frequency k(jo) = K(w)e? ), known as
the operators transfer function. Its magnitude
K(w) and argument ¢(®) indicate how the ampli-
tude and phase of each harmonic component of
the spectrum of the transformed function change
after the application of a linear operator [15].
In harmonic analysis, the magnitude of the trans-
fer function K() is referred to as the amplitude-
frequency characteristic, while the argument ¢(®)
is known as the phase-frequency characteristic of
the operator.

Waves propagating into open sea

The transfer function diagram in the direc-
tion from device 149 to device 150 (Fig. 3¢) — to-
ward the open sea — highlights energy peaks dur-

Fig. 3. Spectrograms of sea lev-
el fluctuations (a, b) and mag-
nitude diagrams of the transfer
function (c, d)
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ing short wind wave periods of 2-3 seconds, as
well as at a period of approximately 14.2 seconds,
which corresponds to swell waves. Additionally,
there are sea level fluctuations with periods of 3.6
minutes within the range of infragravity waves —
0.3 to 7 minutes [16] — and fluctuations extend-
ing somewhat beyond the range, with a period
of 8.8 minutes. The work of Longuet-Higgins
and Stewart [7] confirmed a hypothesis made in
1962 [17], which states that although the incident
swell dissipates in the surf zone over shallow wa-
ter, the forced infragravity waves of the second
order (excited by nonlinear differential-frequency
interactions of pairs of swell components) are re-
leased as free waves, reflecting off the shore and
propagating seaward. In this context, the reduc-
tion in energy (due to shoaling) of the outgoing
free radiated wave is approximately 2 '2, and it is
more gradual than the amplification of the incom-
ing forced wave, which follows an /7 relationship
[7]. It is these leaky waves that correspond to the
energy peaks of waves with periods of 3.6 and 8.8
minutes indicated in Fig. 3c.
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Another potential cause for the manifesta-
tion of waves with periods of 3.6 and 8.8 minutes
may be Poincaré waves. Our depth measurements
using an echo sounder-chart plotter in the obser-
vation area, along a line perpendicular to the line
connecting the devices, showed that at distances
from the shore of up to 10 km, the seabed pro-
file is relatively flat and can be approximated by
a model with a linear slope /(x) = ax, where 4 is
the depth, o= 0.011 is the slope of the seabed, and
x 1s the coordinate in the direction away from the
shore. The mathematical expression for describ-
ing Poincaré standing waves over a flat sloping
bottom is given by the zeroth-order Bessel func-
tion [18]:

Aw.x) = shore Jo(a\x) , e a = 2w /\/ﬁ (1)

Here, g is the acceleration due to gravity,
o = (2m)/(period) is the angular frequency, and
Cypore 18 the amplitude at the shore.

Using equation 1, the normalized sea surface
elevations were calculated as functions of the dis-
tance from the shore x for the standing wave pe-
riods of 3.6 and 8.8 minutes, as determined from
the magnitude diagram of the transfer function
shown in Fig. 3c. The calculation indicated the
possibility of the existence of Poincaré standing
waves with the observed periods. At a distance of
approximately 450 m from the shore, where the
instruments were installed, amplitudes close to the
maximum were observed. Since these standing
waves have a progressive nature along the shore
[4] — along the line connecting the devices — the
wave meters are expected to record progressive

Fig. 4. The normalized standing wave amplitude {(®,x)*, with
periods of 3.6 and 8.8 minutes, varies with distance from the
shoreline.
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waves with the specified periods and a direction
of propagation parallel to the line connecting the
devices, and as measurements indicate, seaward.

Waves propagating along the coast

The transfer function magnitude diagram for
waves propagating towards the shore (Fig. 3d)
differs significantly from the previous one, which
showed waves propagating away from the shore,
except for the energy at periods of short wind
waves of 2-3 seconds. A broad band of wave pe-
riods in the 1G range from 20 to 110 seconds is
prominent, and it is reasonable to assume that
these waves are infragravity waves, consider-
ing their significant amplification during storms
(Fig. 3a, b).

Figure 3d also shows a narrower band of
waves with greater energy, with periods from 4.27
to 7.63 minutes. These can be attributed to edge
waves, which are excited by energy from two
sources. Firstly, these are IG waves propagating
towards the shore, which, according to numerous
studies, can transfer their energy to edge waves.
Another source is the seaward-propagating free
waves that can be reflected back towards the shore
from a turning point on a sloping beach or shelf,
generating edge waves. A portion of this energy is
radiated outward into the ocean [7]. Models have
also been developed for the resonant excitation
of edge waves resulting from the nonlinear inter-
action of frequency differences between pairs of
components of obliquely incident swell [19].

Let’s consider the possibility of generating
edge waves with the periods mentioned above for
the specific bathymetry profile in the vicinity of
Cape Svobodny. Since the bathymetric profile is
relatively flat at a distance of about 10 km from
the shore, the alongshore structure of edge waves
can be described using the dispersion relation for
Stokes waves in the approximation of a flat, slop-
ing bottom [16]:

o’ =gksin[(2n+ 1)B], (2)

where o_is the frequency of the nth mode of the
edge wave, g is the acceleration due to gravity,
k 1s the alongshore wavenumber, and p is the bot-
tom slope angle.
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Fig. 5. Dispersion diagram of edge waves for three modes. Ob-
served wave periods are marked with vertical lines. The Poincare
wave continuum lies below the 7?= 2m\/g curve, which represents
the dispersion relation for shallow water waves.

The periods of generation of edge waves are
limited by the value of 7%= 2a)M/g (k > w?*/g [20]),
and for any bottom slope angle B, there is always
a limited number of edge wave modes n < /43 —
1/2 [16].

Using formula (2), the dispersion diagram
for the first three modes of edge waves has been
calculated, shown in Fig. 5. The vertical axis is
marked with values corresponding to the observed
wave periods within the range of IG wave peri-
ods. It can be seen that edge waves with a period
of 7.63 minutes can be excited for the zero mode,
and those with a period of 4.27 minutes can be
excited for the first mode as well. Therefore, the
calculation shows that edge waves with periods
corresponding to the observed energy peaks are
possible in the coastal zone of Cape Svobodny.

Using Eckart's [21] solution to the shallow
water equations, the cross-shore profiles of edge
waves with periods of 4.27 and 7.63 minutes were
calculated for various modes as a function of dis-
tance from the shoreline. The expression for the
velocity potential is:

¢(x) =e™ L, (2kx), 3)

where x is the distance from the shoreline, £ is the
wavenumber, and L is the Laguerre polynomial.
Figure 6 shows the calculated mode profiles for
edge waves with periods of 4.27 and 7.63 min-
utes. It can be seen that the cross-shore profiles for
different periods have a similar character, but the
modes with longer periods decay more slowly as
they move away from the shore.
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Fig. 6. Cross-shore profile shapes for edge wave modes with
periods of 7.63 minutes (solid line) and 4.27 minutes (dashed
line).

The analysis suggests the potential for gen-
erating edge waves with periods of 4.27 and 7.63
minutes. However, it does not definitively answer
whether the observed waves are edge waves or
another type. When investigating the structure of
waves excited by energy transfer from IG waves, a
challenge arises due to the similarity of edge wave
and leaky wave modes at short distances from the
shore on a flat beach. In [20], a criterion k > ©’/g
is given, which separates the existence regions of
edge waves with Poincar¢ and leaky waves. How-
ever, these waves may still exist with identical pe-
riods. Distinguishing them requires observations
with two instruments along the length and direc-
tion of propagation, as demonstrated above.

Influence of seawater temperature
fluctuations on the propagation
of waves with periods greater than 3 minutes

Another interesting factor affecting the
propagation of waves with periods longer than
3 minutes is the influence of seawater tempera-
ture fluctuations. As seen in the transfer function
magnitude diagrams (Fig. 7a, b), two significant
events with anomalous transfer function magni-
tude values are observed in the period range of
3-100 minutes during August and September.
The phase difference spectrograms (Fig. 7c, d) do
not show substantial deviations for these events.
These events are associated with significant tem-
perature fluctuations, with periods shorter than di-
urnal (Fig. 7¢), as opposed to longer periods span-
ning several days (Fig. 71).
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Fig. 7. Transfer function magnitude diagrams (a, b) and phase difference spectrograms (c, d) for sea level fluctuations (periods:
1-100 minutes), along with time series (f) and spectral density of seawater temperature fluctuations for instrument 150 (e).
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Research in [22] shows that for seawater
temperature fluctuations (1-80 hours), spectral
peaks are identified for instrument 150 at periods
of 25.5, 16.7, 12.9, and 6.7 hours, and for instru-
ment 149 at periods of 13.2, 6.5, and 5.3 hours.
However, the coherence for the temperature time
series is significantly below the confidence lev-
el. The periods of the spectral peaks in seawater
temperature fluctuations for periods longer than
5 hours do not coincide with the periods of the sea
level fluctuation peaks. This indicates that these
temperature fluctuation peaks are driven by inter-
nal waves. Furthermore, the temperature fluctua-
tion spectrum for instrument 150 exhibits peaks at
periods of 25.5 and 16.7 hours, which fall within
the range of near-inertial internal waves.

It is evident that significant temperature fluc-
tuations within the period range of 3—100 minutes,

Fig. 8. Wave spectral densi-
ties (a); significant wave height
for periods of 5, 8, and 11.5 sec-
onds (b, ¢), highlighted in differ-
ent shades (dark = 5 seconds);
wind speed vectors recorded by
the Vantage Pro2 Weather Sta-
tion (d). The positive direction
of the wind speed vectors corre-
sponds to northerly winds.
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corresponding to internal waves with amplitudes
exceeding 7 °C, disrupt edge waves with periods
of 4.27 and 7.63 minutes (Fig. 7c) propagating
along the coast, as well as leaky waves with pe-
riods of 3.6 and 8.8 minutes propagating towards
the sea (Fig. 7a). Energy transfer to internal waves
with periods of 3—100 minutes (Fig. 7¢) originates
from longer internal waves with periods close to
semi-diurnal and diurnal cycles. [22] proposes a
mechanism of baroclinic instability to explain the
energy transfer from larger to smaller scales.

Wind waves in the vicinity of Cape Svobodny
The characteristics of wind waves and swell

in this area are of interest, as it is actively used
for fishing. Figure 8 shows the calculated spec-
tral densities of wave activity in the range from 2
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to 200 seconds, encompassing both wind waves
and swell. The curves in the 2-20 second range
lack distinct peaks, including a defined wind wave
band. Our current and previous research have
shown that there is also no pronounced modal
structure in the infragravity wave range.

In physical oceanography, the term signifi-
cant wave height, denoted by H., is used to char-
acterize waves. It is defined as the average wave
height from trough to crest of the highest one-
third of waves, H ..

1 in
H =—Z3 h,, 4
1/3 %N mel ™ ()

The h_ values represent individual wave
heights, sorted in descending order (m = 1 to N),
considering only the highest one-third for align-
ment with visual observations. Significant wave
height can also be defined as four times the stand-
ard deviation of the surface height or as four times
the square root of the zero order moment [3].

Figure 8b, ¢ shows graphs depicting the vari-
ation of significant wave height for periods of 5, 8,
and 11.5 seconds, with the darker shade represent-
ing a period of 5 seconds. Wind waves and swell
at instrument 150 are approximately 12 % higher
than at instrument 149, which is slightly sheltered
by the cape from waves originating from the Sea
of Okhotsk. The highest wave heights were ob-
served during sustained, approximately 24-hour
long, southerly winds associated with a cyclone
that passed over the observation area. A short-
duration but strong wind with speeds up to 8 m/s
does not contribute to the generation of wave
heights comparable to those during a cyclone; in
this case, they are half as high.

Conclusion

This study analyzes various wave types in the
waters off Cape Svobodny (southeastern coast of
Sakhalin Island). Data were collected using two
autonomous wave and seawater temperature re-
corders, ARV 14K, and a Vantage Pro2 Weather
Station in 2021. Five-month time series of sea lev-
el and temperature fluctuations with a one-second
sampling rate were employed. Atmospheric pres-
sure and wind speed were recorded with an hourly
sampling rate.
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Spectral analysis revealed that wave spectral
densities in the range of 2—600 seconds lack pro-
nounced peaks. Wave energy at instrument 149 is
lower than at instrument 150, which can be attrib-
uted to the sheltering effect of Cape Svobodny. An
increase in energy within the infragravity wave
band (periods of 20-250 seconds) is observed dur-
ing storms, but without a distinct modal structure.

Waves with periods of 14.2 seconds, 3.6 min-
utes, and 8.8 minutes were investigated. The
Longuet-Higgins and Stewart theory explains the
short waves associated with swell scattering in
the surf zone. Free waves are also generated in
this process. The Lamb model and Bessel func-
tion confirmed the existence of leaky waves with
periods of 3.6 and 8.8 minutes.

Wave processes propagating towards the
shore include waves with periods from 20 to
110 seconds, as well as alongshore processes with
periods of 4.27-7.63 minutes. Edge wave genera-
tion was explored for the bathymetric profile near
Cape Svobodny using the dispersion relation for
Stokes waves. Seawater temperature fluctuations
impact the propagation of waves with periods
longer than 3 minutes, disrupting both edge waves
and leaky waves. Internal waves with periods of
3—-100 minutes and amplitudes exceeding 7 °C af-
fect the energy of short-period waves.

Analysis of wind wave and swell character-
istics revealed the absence of significant wave ac-
tivity in the period range of 2-20 seconds. The
highest wave heights were observed during sus-
tained southerly winds associated with a cyclone,
while strong winds up to 8 m/s did not generate
such high waves.
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